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A B S T R A C T

Background

Hepatocellular carcinoma (HCC) occurs mostly in people with chronic liver disease and ranks sixth in terms of global instances of cancer,
and fourth in terms of cancer deaths for men. Despite that abdominal ultrasound (US) is used as an initial test to exclude the presence
of focal liver lesions and serum alpha-foetoprotein (AFP) measurement may raise suspicion of HCC occurrence, further testing to confirm
diagnosis as well as staging of HCC is required. Current guidelines recommend surveillance programme using US, with or without AFP, to
detect HCC in high-risk populations despite the lack of clear benefits on overall survival. Assessing the diagnostic accuracy of US and AFP
may clarify whether the absence of benefit in surveillance programmes could be related to under-diagnosis. Therefore, assessment of the
accuracy of these two tests for diagnosing HCC in people with chronic liver disease, not included in surveillance programmes, is needed.

Objectives

Primary: the diagnostic accuracy of US and AFP, alone or in combination, for the diagnosis of HCC of any size and at any stage in adults
with chronic liver disease, either in a surveillance programme or in a clinical setting.

Secondary: to assess the diagnostic accuracy of abdominal US and AFP, alone or in combination, for the diagnosis of resectable HCC; to
compare the diagnostic accuracy of the individual tests versus the combination of both tests; to investigate sources of heterogeneity in
the results.

Search methods

We searched the Cochrane Hepato-Biliary Group Controlled Trials Register, the Cochrane Hepato-Biliary Group Diagnostic-Test-Accuracy
Studies Register, Cochrane Library, MEDLINE, Embase, LILACS, Science Citation Index Expanded, until 5 June 2020. We applied no language
or document-type restrictions.

Selection criteria

Studies assessing the diagnostic accuracy of US and AFP, independently or in combination, for the diagnosis of HCC in adults with chronic
liver disease, with cross-sectional and case-control designs, using one of the acceptable reference standards, such as pathology of the
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explanted liver, histology of resected or biopsied focal liver lesion, or typical characteristics on computed tomography, or magnetic
resonance imaging, all with a six-months follow-up.

Data collection and analysis

We independently screened studies, extracted data, and assessed the risk of bias and applicability concerns, using the QUADAS-2 checklist.
We presented the results of sensitivity and specificity, using paired forest-plots, and tabulated the results. We used a hierarchical meta-
analysis model where appropriate. We presented uncertainty of the accuracy estimates using 95% confidence intervals (CIs). We double-
checked all data extractions and analyses.

Main results

We included 373 studies. The index-test was AFP (326 studies, 144,570 participants); US (39 studies, 18,792 participants); and a combination
of AFP and US (eight studies, 5454 participants).

We judged at high-risk of bias all but one study. Most studies used diFerent reference standards, oSen inappropriate to exclude the presence
of the target condition, and the time-interval between the index test and the reference standard was rarely defined. Most studies with AFP
had a case-control design. We also had major concerns for the applicability due to the characteristics of the participants.

As the primary studies with AFP used diFerent cut-oFs, we performed a meta-analysis using the hierarchical-summary-receiver-operating-
characteristic model, then we carried out two meta-analyses including only studies reporting the most used cut-oFs: around 20 ng/mL
or 200 ng/mL.

AFP cut-o0 20 ng/mL: for HCC (147 studies) sensitivity 60% (95% CI 58% to 62%), specificity 84% (95% CI 82% to 86%); for resectable HCC
(six studies) sensitivity 65% (95% CI 62% to 68%), specificity 80% (95% CI 59% to 91%).

AFP cut-o0 200 ng/mL: for HCC (56 studies) sensitivity 36% (95% CI 31% to 41%), specificity 99% (95% CI 98% to 99%); for resectable HCC
(two studies) one with sensitivity 4% (95% CI 0% to 19%), specificity 100% (95% CI 96% to 100%), and one with sensitivity 8% (95% CI 3%
to 18%), specificity 100% (95% CI 97% to 100%).

US: for HCC (39 studies) sensitivity 72% (95% CI 63% to 79%), specificity 94% (95% CI 91% to 96%); for resectable HCC (seven studies)
sensitivity 53% (95% CI 38% to 67%), specificity 96% (95% CI 94% to 97%).

Combination of AFP (cut-o0 of 20 ng/mL) and US: for HCC (six studies) sensitivity 96% (95% CI 88% to 98%), specificity 85% (95% CI 73%
to 93%); for resectable HCC (two studies) one with sensitivity 89% (95% CI 73% to 97%), specificity of 83% (95% CI 76% to 88%), and one
with sensitivity 79% (95% CI 54% to 94%), specificity 87% (95% CI 79% to 94%).

The observed heterogeneity in the results remains mostly unexplained, and only in part referable to diFerent cut-oFs or settings
(surveillance programme compared to clinical series). The sensitivity analyses, excluding studies published as abstracts, or with case-
control design, showed no variation in the results.

We compared the accuracy obtained from studies with AFP (cut-oF around 20 ng/mL) and US: a direct comparison in 11 studies (6674
participants) showed a higher sensitivity of US (81%, 95% CI 66% to 90%) versus AFP (64%, 95% CI 56% to 71%) with similar specificity:
US 92% (95% CI 83% to 97%) versus AFP 89% (95% CI 79% to 94%). A direct comparison of six studies (5044 participants) showed a higher
sensitivity (96%, 95% CI 88% to 98%) of the combination of AFP and US versus US (76%, 95% CI 56% to 89%) with similar specificity: AFP
and US 85% (95% CI 73% to 92%) versus US 93% (95% CI 80% to 98%).

Authors' conclusions

In the clinical pathway for the diagnosis of HCC in adults, AFP and US, singularly or in combination, have the role of triage-tests. We found
that using AFP, with 20 ng/mL as a cut-oF, about 40% of HCC occurrences would be missed, and with US alone, more than a quarter. The
combination of the two tests showed the highest sensitivity and less than 5% of HCC occurrences would be missed with about 15% of
false-positive results. The uncertainty resulting from the poor study quality and the heterogeneity of included studies limit our ability to
confidently draw conclusions based on our results.

P L A I N   L A N G U A G E   S U M M A R Y

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma

Why is improving the diagnosis of hepatocellular carcinoma important?

Hepatocellular carcinoma (HCC), i.e. cancer originating in the liver, is sixth in terms of global occurrences of cancer and fourth in terms of
cancer deaths in men. This cancer occurs mostly in people with chronic liver disease regardless of the cause. Ultrasound (US), which uses
ultrasound waves to show abnormalities in the liver, can detect the presence of liver lesions suspected of being HCC. Alpha-foetoprotein
(AFP), a glycoprotein, produced by the liver and measurable in the blood, is considered a tumour-marker because high levels can be
associated with the presence of HCC. These two tests (US and AFP) are used, alone or in combination, to exclude the presence of HCC
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in people at high risk of developing HCC. People at high risk are those who have chronic liver disease. Current guidelines recommend
surveillance programmes, repeating abdominal US with or without AFP testing every six months to detect early HCC, amenable to surgical
resection or other treatment.

What is the aim of this review?

To find out how accurate AFP, US, and a combination of AFP and US are for diagnosing HCC in people with chronic liver disease.

What was studied in this review?

AFP (tumour marker), that can easily be measured in the blood, using a commercial kit. Studies with AFP used various threshold values
for defining the test as positive or negative.

US is an equipment, available worldwide. It produces images of liver and other abdominal organs. It can detect the presence of liver lesions
suspected of being HCC.

A combination of AFP and US can detect or negate the presence of liver lesions suspected of being HCC.

What are the main results in this review?

We found 373 total studies in adults: AFP was analysed in 326 studies, 144,570 participants; US in 39 studies, 18,792 participants; and the
combination of AFP and US in eight studies, 5454 participants.

- AFP with threshold of 20 ng/mL (147 studies): the test was positive in 60 out of 100 participants with HCC and in 16 out of 100 participants
without HCC. AFP with threshold of 200 ng/mL (56 studies): the test was positive in 36 out of 100 participants with HCC and only in 1 out
of 100 without HCC.
- US (39 studies): the test was positive in 72 out of 100 participants with HCC and in 6 out of 100 participants without HCC.
- The combination of AFP with threshold of 20 ng/mL and US (6 studies): one or both tests were positive in 96 out of 100 participants with
HCC and in 15 out of 100 participants without HCC.

Thus, the combination of the two tests is better in detecting participants with HCC. Considering that people with chronic liver disease have
HCC in 5 out of 100, one can assume that among 1000 people with chronic liver disease, 50 will have HCC, and, using AFP and abdominal US
in combination, one can detect 48 out of the people with HCC, and 2 people will go undetected and will not receive appropriate treatment;
950 out of 1000 will have no HCC, and 143 of them will receive a wrong diagnosis of HCC, and will undergo further unnecessary testing such
as computed tomography, magnetic resonance imaging, or biopsy.

How reliable are the results of the studies in this review?

All but one study had issues with risk of bias, especially in participants selection and in the correct definition on presence of HCC. These
problems could impair the correct estimates of the diagnostic ability of the three tests.

Who do the results of this review apply to?

People with chronic liver disease

What are the implications of this review?

Using AFP, with 20 ng/mL, as threshold, about 40% of HCC occurrences would be missed, and with US alone, more than a quarter. The
sensitivity was highest when the two tests were used in combination, and less than 5% of HCC occurrences would be missed with about
15% of false-positive results.

How up-to-date is this review?

5 June 2020
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Summary of findings 1.   'Summary of findings' table: diagnostic accuracy of AFP, US, and combination of AFP and US for the diagnosis of HCC

Review question: what is the diagnostic accuracy of alpha-foetoprotein (AFP), abdominal ultrasound (US), or of the combination of AFP and abdominal US for the diagno-
sis of hepatocellular carcinoma (HCC) in adults with chronic liver disease?

Population: adults with chronic liver disease

Setting: clinical setting (secondary or tertiary care setting) or surveillance programs

Study design: prospective and retrospective cross-sectional and case-control studies

Index tests

Serum alpha-foetoprotein (AFP) measurement with a cut-oF value of 20 ng/mL

Serum alpha-foetoprotein (AFP) measurement with a cut-oF value of 200 ng/mL

Abdominal ultrasound (US)

Combination of serum alpha-foetoprotein (AFP) measurement with a cut-oF value of 20 ng/mL and abdominal ultrasound (US)

Target condition: HCC of any size, any stage

Reference standards:

the pathology of the explanted liver in case of transplantation; the histology of resected focal liver lesion(s), or the histology of resected or biopsied focal liver lesion(s) with
a follow-up period of at least six months to exclude the presence of focal lesions non detected by the index test and synchronous lesions from the parenchyma surrounding
the resected or biopsied area;

typical characteristics on cross-sectional multiphasic contrast computer tomography (CT) or magnetic resonance imaging (MRI), with a follow-up period of at least six
months in order to allow the confirmation of an initial negative result on CT or on MRI.

Limitations in the evidence - Risk of bias/Applicability

Index test: serum alpha-foetoprotein (AFP) measurement cut-oF value 20 ng/mL

- Participant selection: high/unclear risk of bias 141 studies (96%), high concern 115 studies (78%)

- Index tests: high/unclear risk of bias in 73 studies (50%) high concern: no study

- Reference standard: high/unclear risk of bias in 105 studies (71%) high concern 33 studies (22%)

- Flow and timing: high risk of bias in 143 studies (97%)

Index test: serum alpha-foetoprotein (AFP) measurement cut-oF value 200 ng/mL
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- Participant selection: high/unclear risk of bias 48 studies (86%), high concern 47(84%)

- Index tests: high/unclear risk of bias in 54 studies (96%) high concern no study

- Reference standard: high/unclear risk of bias in 39 studies (70%) high concern 13 studies (23%)

- Flow and timing: high risk of bias in 55 studies (98%)

Index test: abdominal ultrasound

- Participant selection: high/unclear risk of bias in 23 studies (59%) high concern 22 studies (56%)

- Index tests: high/unclear risk of bias in 15 studies (38%) high concern no study

- Reference standard: high/unclear risk of bias in 27 studies (69%) high concern 13 studies (33%)

- Flow and timing: high risk of bias in 27 studies (TN) (69%)

Index test: combination of serum alpha-foetoprotein (AFP) measurement with a cut-oF value of 20 ng/mL and abdominal ultrasound

- Participant selection: high/unclear risk of bias in 2 studies (33%) high concern 2 studies (33%)

- Index tests: high/unclear risk of bias in 2 studies (33%) high concern no study

- Reference standard: high/unclear risk of bias in 4 studies (67%) high concern one study (17%)

- Flow and timing: high risk of bias in 6 studies (100%)

 

Findings

        Implications in a hypothetical cohort of 1000 people  

Index test Number
of studies
(partici-
pants)

Sensitivi-
ty

(95% CI)

Specifici-
ty

(95% CI)

Assumed
preva-
lence of
hepato-
cellular
carcino-

ma (HCC)a

%

True positives will receive
appropriately further neces-
sary testing with CT or MRI,
or contrast enhanced ultra-
sound (CEUS) and possibly
treatment.

False neg-
atives will
be misdiag-
nosed and
not receive
appropriate
treatment.

True negatives
will not appropri-
ately undergo un-
necessary further
testing with CT,
MRI, CEUS, biop-
sy.

False positives
will inappropri-
ately undergo
further unnec-
essary testing
with CT, MRI,
CEUS biopsy.

Certainty
of the evi-
dence

5% 30 20 802 148AFP (cut-oF
20 ng/mL)

147

(52144)

59.8%

(57.9% to
61.7%)

84.4%

(82.3% to
86.3%)

30% 179 121 591 109

very low b

⨁◯◯◯
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5% 18 32 940 10AFP (cut-oF
200 ng/mL)

56

(20452)

36% (31%
to 41%)

99% (98%
to 100%)

30% 108 192 693 7

very low c

⨁◯◯◯

5% 36 14 893 57US 39

(18792)

72%

(63% to
79%),

94% (91%
to 96%)

30% 216 84 658 42

very low d

⨁◯◯◯

5% 48 2 807 143Combina-
tion of AFP
(cut-oF 20
ng/mL) and
US

6

(5044)

96%

(88% to
98%)

85%

(73% to
93%)

30% 288 12 595 105

low e

⨁⨁◯◯

a We chose for exemplification two values of HCC prevalence: 5% for a population at low risk (compensated advanced chronic liver disease and chronic viral hepatitis) Lok 2009
and 30% for a population with high risk, a median of the prevalence in the included cross-sectional studies conducted in clinical cohorts.
b Downgraded by three levels: risk of bias, indirectness, and inconsistency. Risk of bias downgraded one level because all studies were judged at high risk of bias; indirectness
downgraded one level as we considered most studies to have concern regarding applicability mainly in relation to the population (including disease spectrum); inconsistency
downgraded one level as for individual studies ranged from 24% to 90% and we could not explain the heterogeneity by study quality or other factors
c Downgraded by three levels: risk of bias, indirectness, and inconsistency. Risk of bias downgraded one level because all studies were judged at high risk of bias; indirectness
downgraded one level as we considered most studies to have concern regarding applicability mainly in relation to the population (including disease spectrum); inconsistency
downgraded one level as for individual studies ranged from 4% to 83% and we could not explain the heterogeneity by study quality or other factors
d Downgraded by three levels: risk of bias, indirectness, and inconsistency. Risk of bias downgraded one level because all studies were judged at high risk of bias; indirectness
downgraded one level as we considered most studies to have concern regarding applicability mainly in relation to the population (including disease spectrum); inconsistency
downgraded one level as for individual studies ranged from 28%to 100% and we could not explain the heterogeneity by study quality or other factors
eDowngraded by two levels: risk of bias, indirectness. Risk of bias downgraded one level because all studies were judged at high risk of bias; indirectness downgraded one level
as we considered most studies to have concern regarding applicability mainly in relation to the population (including disease spectrum).
GRADE certainty of the evidence
High: we are very confident that the true eFect lies close to that of the estimate of the eFect.
Moderate: we are moderately confident in the eFect estimate: the true eFect is likely to be close to the estimate of the eFect, but there is a possibility that it is substantially
diFerent.
Low: our confidence in the eFect estimate is limited: the true eFect may be substantially diFerent from the estimate of the eFect.
Very low: we have very little confidence in the eFect estimate: the true eFect is likely to be substantially diFerent from the estimate of eFect.
The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.
 
 

Summary of findings 2.   'Summary of findings' table: direct comparison of US, and combination of AFP and US

Review question: what is the diagnostic accuracy of the combination of alpha-foetoprotein (AFP) and abdominal ultrasound (US) compared to US for the diagnosis of he-
patocellular carcinoma (HCC) in adults with chronic liver disease?

Population: adults with chronic liver disease
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Setting: clinical setting (secondary or tertiary care setting) or surveillance programs

Study design: prospective and retrospective cross-sectional studies

Index tests:abdominal ultrasound; combination of serum alpha-foetoprotein (AFP) measurement with a cut-oF value of 20 ng/mL and abdominal ultrasound

Target condition: HCC of any size, any stage

Reference standards:the pathology of the explanted liver in case of transplantation;the histology of resected focal liver lesion(s), or the histology of resected or biop-
sied focal liver lesion(s) with a follow-up period of at least six months to exclude the presence of focal lesions non detected by the index test and synchronous lesions from
the parenchyma surrounding the resected or biopsied area;typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six
months in order to allow the confirmation of an initial negative result on computer tomography (CT) or on magnetic resonance imaging (MRI).

Limitations in the evidence

Risk of bias/ Applicability

- Participant selection: high/unclear risk of bias in 2 studies (33%)/ high concern 2 studies (33%)

- Index tests: high/unclear risk of bias in 2 studies (33%)/ high concern no study

- Reference standard: high/unclear risk of bias in 4 studies (67%)/ high concern 1 study (17%)

- Flow and timing: high risk of bias in 6 studies (100%)

 

Findings

            Implications in a hypothetical cohort of 1000 people  

Index
test

Num-
ber of
studies
(partici-
pants)

Sensi-
tivity

(95% CI)

Relative
sensitiv-
ity (95%
CI)

P value

Speci-
ficity

(95% CI)

Relative
speci-
ficity

(95% CI)

P value

As-
sumed
preva-
lence of
hepa-
tocellu-
lar car-
cinoma

(HCC)a

%

True positives 
will receive appro-
priately further
necessary testing
with CT or MRI, or
contrast enhanced
ultrasound (CEUS)
and possibly treat-
ment .

False nega-
tives 
will be mis-
diagnosed
and not re-
ceive appro-
priate treat-
ment.

True negatives 
will not appro-
priately under-
go unnecessary
further testing
with CT, MRI,
CEUS, biopsy

False positives 
will inappropri-
ately undergo
further unnec-
essary testing
with CT, MRI,
CEUS biopsy.

Certain-
ty of
the evi-
dence

US 6 (5044) 76%
(56% to
89%)

1.28
(1.03 to
1.539

93%
(80% to
96%)

0.94,
(0.87 to
1.01)

5% 38 12 883 67 lowb
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30% 228 72 651 49

5% 48 2 807 143Combi-
nation
of AFP
(cut-oF
20 ng/
mL) and
US

96%
(88% to
98%)

P = 0.014

85%
(73% to
82%)

P = 0.102

30% 288 12 595 105

a We chose for exemplification two values of HCC prevalence: 5% for a population at low risk (compensated advanced chronic liver disease and chronic viral hepatitis) Lok 2009
and 30% for a population with high risk, a median of the prevalence in the included cross-sectional studies conducted in clinical cohorts.
bDowngraded by two levels: risk of bias, indirectness. Risk of bias downgraded one level because all studies were judged at high risk of bias; indirectness downgraded one level
as we considered most studies to have concern regarding applicability mainly in relation to the population (including disease spectrum)
GRADE certainty of the evidence
High: we are very confident that the true eFect lies close to that of the estimate of the eFect.
Moderate: we are moderately confident in the eFect estimate: the true eFect is likely to be close to the estimate of the eFect, but there is a possibility that it is substantially
diFerent.
Low: our confidence in the eFect estimate is limited: the true eFect may be substantially diFerent from the estimate of the eFect.
Very low: we have very little confidence in the eFect estimate: the true eFect is likely to be substantially diFerent from the estimate of eFect.
The results presented in this table should not be interpreted in isolation from results of the individual included studies contributing to each summary test accuracy measure.
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B A C K G R O U N D

Hepatocellular carcinoma (HCC) is the most common primary
liver neoplasm, usually developing in the setting of chronic liver
disease. It is the sixth most commonly diagnosed cancer and the
fourth leading cause of death from cancer worldwide; there were
782,000 deaths due to HCC in 2018 (Bray 2018). In men, HCC ranks
fiSh in terms of global cases of cancer and second in terms of
cancer deaths (Bray 2018). In Western countries, the incidence and
mortality rates of HCC increased substantially between 1990 and
2015 (Ryerson 2016; GBD 2017). Most common risk factors include
liver cirrhosis, severe liver fibrosis, hepatitis B, hepatitis C, alcohol
intake, and non-alcoholic fatty liver disease (Yang 2011), although
some people may develop HCC without the presence of known risk
factors (Bralet 2000; Young 2012).

Clinically, HCC is frequently diagnosed in the late stages because
of the absence of specific symptoms of the malignancy, other than
those related to chronic liver disease. Only 20% of patients with
HCC are eligible for curative treatments — such as liver resection,
transplantation, or ablation — due to advanced tumour stage, liver
dysfunction, or shortage of liver donors (Davila 2012). According to
the current guidelines, HCC can only be considered as resectable
and amenable to surgical radical resection if the cancer presents
as either a single lesion with a maximum diameter of less than 5
cm, or up to three lesions, each with a maximum diameter of 3
cm (Mazzaferro 1996; EASL-EORTC 2012; Omata 2017; EASL 2018;
Heimbach 2018). Furthermore, curative treatment options are not
feasible for most patients due to severe clinical deterioration at the
moment of diagnosis, or due to the inaccuracy of the preoperative
clinical evaluation and staging procedure.

Despite the poor initial prognosis (the mortality-to-incidence
overall ratio has been reported as 0.93; (Bray 2018)), a five-year
survival rate of more than 50% can be achieved if HCC is detected
at an early stage (Forner 2012). According to the Barcelona Clinic
Liver Cancer staging system, only patients with early-stage HCC
are eligible for curative treatment (Llovet 1999). Therefore, it is
very important to make an accurate diagnosis of HCC as early as
possible.

Abdominal ultrasound (US) has become an acceptable imaging
modality in detecting HCC because it is non-invasive, acceptable
to patients, has moderate costs, and no associated risks. A
recent meta-analysis showed a pooled sensitivity of 84% of US
surveillance in detecting HCC in people without any symptoms
(Tzartzeva 2018). However, the same publication showed a poor
result for US in the detection of early-stage HCC in people who
are eligible for curative therapies, with a pooled sensitivity of
only 47% (Tzartzeva 2018). Accordingly, detection of HCC poses a
challenge. The sonographic liver tissue characteristics in people
with fibrosis make it particularly diFicult to detect and diFerentiate
small neoplastic nodules from the surrounding parenchyma and
from regenerative nodules. Furthermore, the performance of US
can be influenced by the expertise of the operator and the quality
of the equipment.

Alpha-foetoprotein (AFP) is a tumour marker which has been used
as a diagnostic test for HCC since the 1970s, when most patients
were diagnosed in the late stage and with clinical symptoms (Kew
1975). Although the test for AFP is widely available, inexpensive,
and easy to perform, it has poor accuracy as a serological test for
the early detection of HCC (Tateishi 2008). Levels of AFP increase not

only in people with HCC, but also in people with active hepatitis,
cirrhosis without HCC, or exacerbation of the underlying liver
disease, due to pathophysiological changes of inflammation and
regeneration; this means the test can have low specificity in the
population at risk (Di Bisceglie 2005; Gopal 2014).

Surveillance programmes for early detection of HCC in high-risk
patients have been implemented in the current medical practice
in most Western and Asian-Pacific countries, despite the very low-
certainty evidence regarding the eFects on mortality (Kansagara
2014; Singal 2014). The American Association for the Study of
Liver Disease (AASLD), European Association for the Study of the
Liver with European Organization for Research and Treatment of
Cancer (EASL-EORTC), and Asian Pacific Association for the Study
of the Liver (APASL) recommend abdominal US as an imaging
modality for surveillance of HCC every six months in people at risk.
However, disagreement exists between using serum biomarker AFP
as an additional test (EASL-EORTC 2012; Omata 2017; EASL 2018;
Heimbach 2018).

There are several published systematic reviews which examine the
accuracy of ultrasonography and AFP in detecting HCC (Colli 2006;
Tateishi 2008; Singal 2009; Kansagara 2014; Singal 2014; Chou 2015;
Tzartzeva 2018), but to our knowledge, there is no recent systematic
review which compares AFP alone, US alone, and the combination
of AFP and US in detecting HCC. Therefore, the aim of our review is
to use Cochrane methodology to assess the diagnostic accuracy of
these three modalities for the diagnosis of HCC, as well as the early
stage of HCC (when the cancer may still be resectable), in people
with chronic liver disease.

Target condition being diagnosed

Hepatocellular carcinoma is the most common primary liver cancer
which occurs mostly in people with chronic liver disease. The
incidence of HCC increases in individuals with hepatitis B and C,
alcohol use, and non-alcoholic fatty liver disease, and in those with
liver cirrhosis of various aetiologies (Bruix 2011). There is no definite
threshold in the definition of lesion size, although the literature
tends to classify lesions with a diameter equal to or less than 2 cm
as 'small' (Hussain 2002; Choi 2014; Park 2017).

In clinical practice, and according to pertinent guidelines,
multiphasic computed tomography (CT) or magnetic resonance
imaging (MRI) with intravascular contrast allow for a highly accurate
diagnosis of HCC, without an invasive biopsy (EASL 2018; Heimbach
2018). The diagnosis of HCC is usually obtained on the basis of
cross-sectional CT or MRI features: focal liver lesions which show
non-rim-like hyper enhancement in the arterial phase, subsequent
non-peripheral washout appearance, and capsule appearance (LI-
RADS 2018). Liver histology is required only for undefined lesions
during CT and MRI (EASL-EORTC 2012; Omata 2017; Heimbach
2018).

A number of staging systems for HCC have been proposed and
developed; however, there is no globally applicable staging system
(Kinoshita 2015). Among diFerent staging protocols, the Barcelona
Clinic Liver Cancer (BCLC) classification system has a notable
feature of treatment recommendations for each stage, based
on the best treatment options currently available (Llovet 1999;
Llovet 2003; Llovet 2008). The staging is based on four elements:
tumour extension, liver functional reserve, physical status, and
cancer-related symptoms. According to the BCLC classification

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)
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system, only patients with early-stage HCC are eligible for curative
treatment, such as surgical resection or percutaneous treatment.
Orthotopic liver transplantation is reserved for patients with
decompensated cirrhosis.

Orthotopic liver transplantation is considered a definite curative
treatment for HCC. When orthotopic liver transplantation for HCC
was initially introduced in the 1980s, it was associated with poor
five-year survival rates and high recurrence rates, which led to the
treatment being contraindicated for HCC (Yokoyama 1990). In 1996,
specific criteria, known as Milan criteria (Mazzaferro 1996), were
developed for the selection of patients for liver transplantation.
With the implementation of these criteria, the overall five-year
survival rates for post-orthotopic liver transplantation patients
exceeded 70% (Mazzaferro 2011). The criteria for patients eligible
for orthotopic liver transplantation include: a single HCC lesion
with a diameter equal to or less than 5 cm, or up to three HCC
lesions, each with a diameter equal to or less than 3 cm; no vascular
invasion; and no extrahepatic involvement (no metastasis). The
same criteria are recommended for the selection of patients eligible
for surgical resection.

Along with interferon-based treatment, a new direct-acting
antiviral (DAA) therapy was developed for people with chronic
hepatitis C; these therapies therefore acted against one of the major
risk factors for developing HCC (Bourliere 2015; Charlton 2015;
Leroy 2016). DAA therapy allowed the achievement of sustained
virologic response (SVR) in more than 70% of patients, compared
to less than 40% with interferon therapy (Jakobsen 2017; Calvaruso
2018). However, a consensus exists that even aSer achieving
SVR, people with chronic hepatitis C should be surveyed closely,
especially those with advanced fibrosis and those who received a
recent treatment for HCC in order to detect HCC at an early stage
(Butt 2018).

Index test(s)

Abdominal US is a safe, inexpensive, non-invasive, and real-
time diagnostic technique with relatively low costs. A transducer
transforms electrical energy into sound waves (two megahertz
(mHz) to eight mHz) and transmits them into the body.
Simultaneously, the transducer detects the sound waves reflected
by the underlying tissue. The intensity of these reflected (echo)
waves is based on several properties of the tissue, such as density,
depth, and properties of adjacent tissues. The echo waves are
converted into electrical energy and displayed as a cross-sectional
tomography image.

According to the Liver Reporting and Data System (LI-RADS) for
detection of HCC, there are three US categories for diagnosing
suspected liver lesions: US-1 (negative), US-2 (subthreshold),
and US-3 (positive). Since US is an operator-dependent imaging
modality and limitations due to patient characteristics can occur,
an US visualisation score is added: A (no or minimal limitations);
B (moderate limitations); and C (severe limitations). A negative
observation is reported when no liver lesions have been detected or
the detected lesions are definitely benign. Subthreshold lesions of
less than 10 mm are noted only when no definitely benign features
have been observed. A positive observation is reported when a
lesion of more than 10 mm with no definitely benign features is
observed, or a new venous thrombus has been detected (LI-RADS
2018; Rodgers 2019).

Alpha-foetoprotein (AFP) is a glycoprotein of 591 amino acids and
a carbohydrate moiety which is assessed in serum by enzyme
immunoassays (Pucci 1991). In presence of HCC, high serum values
of AFP are reported with variable accuracy (Colli 2006; Tateishi 2008;
Singal 2009; Kansagara 2014; Singal 2014; Tzartzeva 2018).

Clinical pathway

For people with chronic liver disease, a surveillance programme
is usually recommended. There are minimal variations among the
surveillance programmes of the diFerent scientific societies (Table
1).

American Association for the Study of Liver Disease (AASLD)
guidelines

According to the AASLD guidelines, to increase overall survival, only
adults with cirrhosis who are considered at risk of developing HCC
need surveillance. It is suggested that surveillance be performed
using abdominal US, with or without AFP, every six months.
However, it is not possible to determine which type of surveillance
test (ultrasound alone or ultrasound plus AFP) would lead to a
greater improvement in survival. Surveillance is not suggested for
those with Child-Pugh class C cirrhosis, unless they are on the
liver transplant waiting list, because of low anticipated survival
(Heimbach 2018).

European Association for the Study of the Liver with European
Organization for Research and Treatment of Cancer (EASL-
EORTC) guidelines

According to the EASL-EORTC guidelines, people at risk of
developing HCC for which surveillance should be performed
include: people with Child-Pugh stage A or stage B cirrhosis, people
with Child-Pugh stage C cirrhosis awaiting liver transplantation,
non-cirrhotic hepatitis B virus carriers with active hepatitis or family
history of HCC, and people with chronic hepatitis C in the absence
of cirrhosis but with advanced liver fibrosis stage 3 (F3). People on
liver transplant waiting lists should be screened for HCC in order
to detect and manage tumour progression. Surveillance should be
performed using abdominal US every six months. A three- to four-
month interval is recommended in people where a nodule of less
than 1 cm has been detected, and in the follow-up strategy, aSer
resection or loco-regional therapies. Serum biomarkers such as
AFP, AFP-L3 (third electrophoretic form of lentil lectin-reactive AFP),
and des-gamma-carboxy prothrombin are suboptimal for routine
clinical practice, and therefore, not recommended for screening
(EASL-EORTC 2012; EASL 2018).

Asian Pacific Association for the Study of the Liver (APASL)
guidelines

According to the APASL guidelines, the following people are at risk
of HCC development and therefore are eligible for HCC screening:
those with cirrhosis, those who have chronic hepatitis B virus
infection with cirrhosis, and those who have chronic hepatitis B
virus infection in the absence of cirrhosis. The optimal surveillance
strategy includes abdominal US with serum AFP measurement
every six months. Measurement of AFP alone is not recommended
for routine surveillance of people with HCC (Omata 2017).

Outside surveillance programmes

Ultrasound and AFP are usually performed in people with clinically
suspected HCC, or liver cirrhosis, or both, or at the moment

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)
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of decompensation of chronic liver disease, or all these factors
together.

Prior test(s)

The diagnosis of liver cirrhosis is usually based on clinical
judgement derived from history, laboratory testing, physical
examination, imaging, liver stiFness measurement, liver histology,
or a combination of these. Due to the accuracy of non-invasive tests,
liver histology is reserved to only a minority of patients with unclear
diagnosis, and a non-invasive diagnosis of advanced chronic liver
disease is considered equivalent to a histological diagnosis of
cirrhosis (de Franchis 2015). No test is recommended by the above
guidelines, prior to a surveillance programme for HCC detection.

Role of index test(s)

Abdominal US and AFP (independently, or in combination, or in
sequence) are used as triage tests to exclude the presence of focal
liver lesions suspected of being HCC. Further alternative testing is
required to confirm the diagnosis as well as staging.

Alternative test(s)

Contrast-enhanced ultrasound (CEUS) is an advanced form of US
examination in which images are acquired using intravenously
injected microbubble contrast agent with optimised technology
required for contrast visualisation. The CEUS exam consists of
a 'bolus' administration of contrast media through a superficial
peripheral vein. The sequence of blood entering the liver is first
arterial (10 seconds to 40 seconds), then portal (40 seconds to
120 seconds aSer injection), and then late venous (more than 120
seconds). This vascular discrimination, similar to that obtained
by contrast CT or MRI, allows for the collection of information
regarding the circulatory system of a tumour (e.g. types of feeding
vessels, tumour circulatory volume). Positivity criteria for HCC are
based on arterial hyper enhancement and subsequent washout
appearance. The advantages of US agent over CT and MRI agents
include no adverse reactions, possible multiple injections of
contrast in the same examination, safety, practicality, no risk of
nephrotoxicity, and no ionising radiation (Chung 2015).

Contrast-enhanced multiphasic multi detector CT and contrast-
enhanced MRI have been established as relevant non-invasive
modalities for detection and evaluation of liver lesions (Lee 2012;
O'Neill 2015). The ability to detect HCC rests on characterising the
enhancement patterns in arterial, portal venous and subsequent
phases relative to the surrounding liver tissue. The diFerences in
blood flow and extracellular volume between HCC and normal liver
tissue lead to main radiological hallmarks such as non-rim-like
arterial phase hyper enhancement and subsequent non-peripheral
washout with enhancing capsule in later phases (Hennedige 2012;
Choi 2014; Shah 2014; LI-RADS 2018). CT is a commonly used
modality for diagnosing HCC due to its short acquisition time
and high spatial resolution. However, MRI oFers several beneficial
features such as absence of X-ray radiation and combination of
various sequences (multiphasic T1- and T2-weighted sequences,
diFusion-weighted imaging, and apparent diFusion coeFicient)
in combination with the use of extracellular or hepatocellular
gadolinium-based contrast agent, or both (Arif-Tiwari 2014; Roberts
2018).

Apart from AFP, there are other potential serological
tumour biomarkers for the detection of HCC. Des-gamma-

carboxyprothrombin, also known as prothrombin induced by
vitamin K absence-II (PIVKA-II), is an abnormal prothrombin protein
that is increased in the serum of people with HCC. It is recognised as
a specific marker for the detection and prognosis of HCC (Imamura
1999; Koike 2001), although contrary data exist on the benefit
of using PIVKA-II over AFP (Nakamura 2006; Li 2014). AFP-L3 can
diFerentiate an increase in AFP due to HCC from that in people with
benign liver disease, and from a potential biomarker for early HCC
detection (Kumada 2014). Glypican-3 (GPC3) is considered to be
a promising biomarker for early detection of HCC and a potential
epitope for HCC-targeted therapies (Zhou 2018). Other biomarkers
include Golgi protein 73, osteopontin, circulating free DNA, and
microRNAs. However, none of these have been introduced in daily
practice (Omata 2017).

Rationale

Hepatocellular carcinoma is currently detected by liver ultrasound
in people with chronic liver disease with normal or high AFP
levels during surveillance programmes. Following ultrasound, the
diagnosis is usually confirmed by high levels of AFP or by using
contrast-enhanced ultrasound (CEUS) (or both), CT, or MRI. The
diagnosis in people who are not in a surveillance programme is
usually obtained at decompensation of chronic liver disease (i.e.
detection of oesophageal varices, gastrointestinal haemorrhage, or
ascites), or during the diagnosis of previously unrecognised chronic
liver disease. In such patients, liver ultrasound or AFP (or both)
are also the first test(s) of choice and, if positive, further testing is
required with CEUS, CT, or MRI.

There is no clear evidence on the benefit of surveillance
programmes in terms of overall survival: the conflicting results
could be a consequence of inaccurate detection, ineFective
treatment, or both. Assessing the diagnostic accuracy of abdominal
US and AFP serum concentration may clarify whether the absence
of benefit in surveillance programs might be related to under-
diagnosis. Furthermore, an assessment of the accuracy of these two
tests for diagnosing HCC is needed for either ruling out, diagnosing,
or supporting further testing in people with chronic liver disease
who are not included in surveillance programs.

People with previous diagnoses of, and who had previous
treatments for, HCC make up a distinct group. The diagnostic
accuracy for the recurrence of HCC aSer surgical or any other type
of treatment is not the focus of this review.

This review represents the first part of a planned overall evaluation
of diagnostic performances of the most commonly used modalities
for diagnosing HCC in people with chronic liver disease. The present
systematic review will assess the diagnostic accuracy of ultrasound
and AFP serum concentration for the diagnosis of HCC. Another
systematic review will focus on the diagnostic accuracy of CEUS in
characterising suspected lesions as HCC as a second-line diagnostic
modality (Fraquelli 2019), and a third systematic review will focus
on the assessment of CT as another second- or third-line imaging
modality (if CEUS was used as second-line test) in assessing focal
liver lesions detected on ultrasound (Nadarevic 2019). A review
assessing the accuracy of MRI for diagnosing HCC is also in progress
(Nadarevic 2020). We are planning to produce an overview of the
systematic reviews that assess abdominal US and AFP, CEUS, CT,
and MRI for the diagnosis of HCC.

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)
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O B J E C T I V E S

To assess the diagnostic accuracy of abdominal ultrasound (US)
and alpha-foetoprotein (AFP), alone or in combination, for the
diagnosis of hepatocellular carcinoma (HCC) of any size and at any
stage in adults with chronic liver disease, either in a surveillance
programme or in a clinical setting.

Secondary objectives

• To assess the diagnostic accuracy of abdominal US and AFP,
alone or in combination, for the diagnosis of resectable HCC
in people with chronic liver disease, either in a surveillance
programme or in a clinical setting. The definition of resectable
HCC is a neoplasm amenable to surgical radical resection
according to the current guidelines (EASL-EORTC 2012; Omata
2017; EASL 2018; Heimbach 2018), that is, a single lesion with a
maximum diameter of less than 5 cm, or fewer than three lesions
with a maximum diameter of 3 cm.

• To compare the diagnostic accuracy of individual tests versus
the combination of both tests.

• To investigate the following predefined sources of
heterogeneity:
◦ study design (prospective compared to retrospective; case-

control studies compared to cross-sectional cohort studies);

◦ study date (studies published before the year 2000
compared to studies published aSer the year 2000, due
to advancements in technology and changes in diagnostic
criteria);

◦ inclusion of participants without cirrhosis (studies including
more than 10% participants without cirrhosis compared
to studies including less than 10% participants without
cirrhosis);

◦ study location (population diFerences): studies conducted in
North and South America compared to Europe compared to
Asia and Africa;

◦ prevalence of the target condition (studies with HCC
prevalence more than 10% compared to studies with HCC
prevalence less than 10%);

◦ participant selection (participants recruited from planned
surveillance programs compared to clinical cohorts);

◦ diFerent HCC stage (studies with more than 20% of
participants with resectable HCC compared to studies with
less than 20% of participants with resectable HCC);

◦ diFerent reference standard (histology of the explanted liver
compared to liver biopsy compared to another reference
standard);

◦ diFerent liver cirrhosis aetiology: studies with more than 80%
participants with viral (hepatitis C or hepatitis B) chronic
liver disease compared to studies with less than 80% of
participants with viral chronic hepatitis;

◦ diFerent severity of the underlying chronic liver disease:
studies with more than 50% of participants with MELD (model
for end-stage liver disease) score less than 15 or with Child
Pugh score A compared to studies with less than 50% of
participants with MELD less than 15 or Child Pugh score A.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We aimed to include studies, irrespective of publication
status and language, that have evaluated the diagnostic
accuracy of abdominal ultrasound (US) and alpha-foetoprotein
(AFP), independently or in combination, for the diagnosis of:
hepatocellular carcinoma (HCC) in people with chronic liver
disease. These studies should have used one of the acceptable
reference standards (see below Reference standards).

We considered for inclusion studies of cross-sectional design
including participants with clinical suspicion of HCC or
cohort studies including high-risk participants in a surveillance
programme, as well as studies with a case-control design
that compared people with known HCC to a matched control
(participants with chronic liver disease without evidence of HCC).
We excluded studies that analysed data only per lesion, that
is, those that considered the number of lesions rather than
participants, unless participant data were made available by study
authors.

Participants

Eligibility criteria

We included study participants aged 18 years and older, of any
sex, who are diagnosed with a chronic liver disease, irrespective of
the severity and duration of the disease. Study participants should
have been treatment-naive for HCC when enrolled in the respective
study.

Exclusion criteria

We excluded studies which had included participants treated for
HCC unless they represented less than 5% of all the included
participants, or if data were presented in such a way as to allow this
group of participants to be isolated from the remaining included
participants.

Index tests

We included abdominal US alone, AFP alone, and a combination
of abdominal US and AFP for the detection of HCC in adults with
chronic liver disease. For AFP, diFerent cut-oF values were used,
ranging from 7 mg/mL to 400 mg/mL. For ultrasound (US), positive
criteria include the minimum diameter of a detectable lesion and
exclusion of benign criteria.

Target conditions

• Hepatocellular carcinoma of any size and at any stage.

• Resectable hepatocellular carcinoma (see Secondary
objectives).

Reference standards

We accepted as a reference standard for the diagnosis of HCC one
of the following.

• The pathology of the explanted liver in case of transplantation.

• The histology of resected focal liver lesion(s), or the histology of
biopsied focal liver lesion(s) with a follow-up period of at least
six months to exclude the presence of focal lesions not detected
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by the index test and synchronous lesions from the parenchyma
surrounding the resected or biopsied area.

• Typical characteristics on cross-sectional multiphasic contrast
CT or MRI, with a follow-up period of at least six months in order
to allow the confirmation of an initial negative result on CT or on
MRI.

We acknowledge that all these reference standards, even if
commonly used in clinical practice, are not perfect. The pathology
of the explanted liver is possible only in the case when all the
included patients undergo liver transplantation; therefore, the
setting does not correspond to the clinical question as only people
with advanced and decompensated liver disease are candidates
for orthotopic liver transplantation. In the case of histology of
resected focal lesion, histology of biopsied liver lesions, CT or MRI
examination, the negative result can be confirmed only with an
adequate follow-up period. This would introduce an unavoidable
diFerential verification bias. In addition, CT and MRI cannot be
considered completely accurate.

Search methods for identification of studies

Electronic searches

We searched the Cochrane Hepato-Biliary Group (CHBG) Controlled
Trials Register and the Cochrane Hepato-Biliary Group Diagnostic-
Test-Accuracy Studies Register (both maintained and searched
internally by the CHBG Information Specialist via the Cochrane
Register of Studies Web; June 2020), the Cochrane Library (2020,
Issue 6), MEDLINE Ovid (1946 to June 2020), Embase Ovid (1974
to June 2020), LILACS (Bireme; 1982 to June 2020), Science
Citation Index Expanded (Web of Science; 1900 to June 2020), and
Conference Proceedings Citation Index – Science (Web of Science;
1990 to June 2020; (Royle 2003)). Appendix 1 gives the search
strategies with the time spans of the searches.

We applied no language or document type restrictions.

Searching other resources

We attempted to identify additional references by manually
searching articles retrieved from digital databases and relevant
review articles. We sought information on unpublished studies
by contacting experts in the field. In addition, we handsearched
abstract books from meetings of the American Association for the
Study of Liver Diseases (AASLD), the European Association for the
Study of the Liver (EASL), and Asia-Paciifc Association for the study
of the Liver (APASL), held over the past 10 years. We also searched
for other kinds of grey literature in the System for Information on
Grey Literature in Europe “OpenGrey” (www.opengrey.eu/).

Data collection and analysis

We followed available guidance as provided in the Cochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (DTA
Handbook 2013).

Selection of studies

Two review authors (AC and MF) independently scrutinised half of
the titles and abstracts identified by electronic literature searching
to identify potentially eligible studies, and two other review authors
(TN and VG) independently scrutinised the other half. We recorded
any citation, identified by one of the four review authors, as
potentially eligible for full-text review. Then, two review authors

(AC and TN) independently reviewed publications for eligibility. To
determine eligibility, we assessed each publication to determine
whether participants met the inclusion criteria detailed above. We
included abstracts only if they provided suFicient data for analysis.
We resolved disagreements by consensus.

Data extraction and management

We developed a standardised data extraction form and piloted
the form on nine of the included studies. Based on the pilot, we
finalised the form.
Then, two review authors (AC and TN) completed the data
extraction form for each included study. Each review author
independently retrieved study data. In cases of disagreement, we
reached consensus through discussion with a third review author
(GC).

We retrieved the following data.

• General information: title, journal, year, publication status, and
study design (prospective versus retrospective), surveillance
program or clinical cohorts.

• Sample size: number of participants meeting the criteria and
total number of participants screened.

• Baseline characteristics: baseline diagnosis, age, sex, and
presence of cirrhosis and mean diameter of HCC.

• Index tests with predefined positivity criteria and when
appropriate all cut-oF values.

• Target condition.

• Order of tests.

• Time between tests.

• Reference standard tests.

• Numbers of true-positive, true-negative, false-positive, false-
negative, and uninterpretable index test results. We extracted
these data for each presented cut-oF value and for either HCC of
any size, stage, and resectable HCC.

We summarised the data from each study in 2 × 2 tables (true
positive, false positive, false negative, true negative), according to
the index tests considered, and we entered the data into Review
Manager 5.4 soSware (Review Manager 2020).

Missing data

We contacted primary authors by email to request missing data:
number of AFP false-positive results (Baig 2009; Chen 2010;
Abdelgawad 2013; El-Emshaty 2014; Dengler 2017), and results of
per patients analyses as only per lesions were reported in Lim 2006.
We received no reply and sent a second email aSer two weeks. No
reply was received; therefore, we excluded the above-mentioned
studies.

Assessment of methodological quality

Two review authors (AC and TN) independently assessed the
risk of bias of included studies and applicability of their results
using QUADAS-2 (revised tool for quality assessment of diagnostic
accuracy studies; (Whiting 2011)). In cases of disagreement, we
reached consensus through discussion. We addressed aspects of
study quality involving the participant spectrum, index tests, target
conditions, reference standards, and flow and timing. For studies
that assessed ultrasound as the index test, the visualisation of
the liver can oSen be sub optimal due to patient characteristics;
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therefore, lack of reporting or exclusion of uninterpretable results
from analyses could overestimate the accuracy of ultrasound. We
considered the study to be at high risk of bias if uninterpretable
results were excluded from the analysis. We classified a study at
high risk of bias if at least one of the domains of QUADAS-2 was
judged as being at high or unclear risk of bias (Appendix 2).

Statistical analysis and data synthesis

We provided a description of the included studies by calculating
median values and interquartile ranges (IQR) across studies for
some characteristics of our interest, defined at study level. In
particular, we considered HCC mean diameter and the prevalence
of participants with the following characteristics: HCC, Child-Pugh
class A, liver cirrhosis, viral aetiology of cirrhosis, and resectable
HCC.

We carried out statistical analyses according to recommendations
provided in the Cochrane Handbook for Systematic Reviews of
Diagnostic Test Accuracy (DTA Handbook 2013). We designed 2 ×
2 tables (see Data extraction and management) for each primary
study for the two index tests and for their combination. We planned
the following strategy of analyses.

Alpha-foetoprotein

Alpha-foetoprotein (AFP) was considered positive when higher than
a defined cut-oF (threshold) value was noted (Colli 2006; Marrero
2009; Lok 2010). Firstly, we performed a graphical descriptive
analysis of the included studies. We presented forest plots
(sensitivity and specificity separately, with their 95% confidence
intervals (CIs)), and we provided a graphical representation of
the studies in the receiver operating characteristic (ROC) space
(sensitivity against 1 - specificity). Secondly, we performed a
meta-analysis. In the case that primary studies reported accuracy
estimates of AFP using diFerent cut-oF values, we used the
hierarchical summary ROC model (HSROC) in order to pool data
(sensitivities and specificities) and to estimate a summary ROC
(SROC) curve (Rutter 2001). When considering studies with a
common cut-oF value, we used the bivariate model, and we
provided estimates of summary sensitivity and specificity. We used
the pooled estimates obtained from the fitted models to calculate
summary estimates of positive and negative likelihood ratios (LR
+ and LR-, respectively). For primary studies reporting accuracy
results for more than one cut-oF value, we reported sensitivities
and specificities for all cut-oF values, but we used a single cut-
oF value for each study in HSROC or bivariate analysis. The most
common cut-oF values were expected to be 10, 20, 200, or 400
nanograms per millilitre (ng/mL).

Abdominal ultrasound

Abdominal ultrasound (US) was considered positive when a lesion
of more than 10 mm with no definitely benign features was
observed, or a new venous thrombus was detected according
to defined criteria (LI-RADS 2018). Subthreshold lesions of less
than 10 mm were noted only when no definitely benign features
were observed (LI-RADS 2018). Firstly, we performed a graphical
descriptive analysis of the included studies. We presented forest
plots (sensitivity and specificity separately, with their 95% CIs),
and we provided a graphical representation of studies in the
receiver operating characteristic (ROC) space (sensitivity against 1
- specificity). Secondly, we performed a meta-analysis using the
bivariate model, and we provided estimates of summary sensitivity

and specificity. We used the pooled estimates obtained from the
fitted models to calculate summary estimates of positive and
negative likelihood ratios (LR+ and LR-, respectively).

Uninterpretable index test results

In case of uninterpretable index test results (especially relevant for
US), we performed a further analysis according to the intention-to-
diagnose (ITD) principle (Schuetz 2012). We classified participants
with uninterpretable results as false-positive if they had a negative
reference standard, or false-negative result on a positive reference
standard.

Combination of abdominal ultrasound and alpha-foetoprotein

The index test obtained by the combination of US and AFP tests
is considered positive when at least one of the two tests is
positive. Firstly, we performed a graphical descriptive analysis of
the included studies. We presented forest plot results (sensitivity
and specificity separately, with their 95% CIs), and we provided
a graphical representation of studies in the receiver operating
characteristic (ROC) space (sensitivity against 1 - specificity).
Secondly, we performed a meta-analysis. In the case that primary
studies reported accuracy estimates of the combination of tests
using diFerent cut-oF values for AFP, we used the hierarchical
summary ROC model (HSROC) to pool data (sensitivities and
specificities) and to estimate a summary ROC (SROC) curve (Rutter
2001). When considering studies with a common cut-oF value,
we used the bivariate model and provided estimates of summary
sensitivity and specificity. We used the pooled estimates obtained
from the fitted models to calculate summary estimates of positive
and negative likelihood ratios (LR+ and LR). For primary studies
reporting accuracy results for more than one cut-oF value, we
reported sensitivities and specificities for all cut-oF values, but we
used a single cut-oF value for each study in HSROC or bivariate
analysis.

Comparisons

The combination of the two tests, US and AFP, was considered
positive when at least one of the two tests was positive. We made
pair-wise comparisons between individual tests, and between
individual tests and the index test obtained by the combination of
the two tests when both tests are used, by adding a covariate for
the index test to the bivariate model. We assessed the significance
of diFerences in test accuracy by using the log-likelihood ratio test
for comparison of models with and without the index test covariate
term. We included separate variance terms for sensitivity and
specificity in the bivariate model for the two tests in comparison.
We performed both indirect and direct comparisons when suFicient
data were available. We calculated relative sensitivity (i.e. ratio
between the sensitivities of the two index tests) and relative
specificity (i.e. ratio between the two specificities).

We considered two-sided P values less than 0.05, as statistically
significant. We performed all statistical analyses using SAS
statistical soSware, release 9.4 (SAS Institute Inc., Cary, NC, USA)
and macro METADAS (DTA Handbook 2013).

Investigations of heterogeneity

We investigated the eFects of the following predefined sources of
heterogeneity.
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• Study design (case-control compared to cross-sectional studies,
prospective compared to retrospective).

• Study date (studies before compared to aSer the year 2000
due to advancements in technology and change in diagnostic
criteria).

• Inclusion of participants without cirrhosis (studies including
more than 10% participants without cirrhosis compared to
studies including less than 10% participants without cirrhosis).

• Study location (population diFerences): studies conducted in
the USA compared to Europe compared to Asia and Africa.

• Prevalence of the target condition (studies with HCC prevalence
of more than 10% compared to studies with HCC prevalence of
less than 10%).

• Participant selection (participants recruited from planned
surveillance programs compared to clinical cohorts).

• DiFerent HCC stage (studies with more than 20% of participants
with resectable HCC compared to studies with less than 20% of
participants with resectable HCC).

• DiFerent reference standard (histology of the explanted liver
compared to liver biopsy compared to another reference
standard).

• DiFerent liver cirrhosis aetiology: studies with more than 80%
participants with viral (hepatitis C or hepatitis B) chronic liver
disease compared to studies with less than 80% of participants
with viral chronic hepatitis.

• DiFerent severity of the underlying chronic liver disease: studies
with more than 50% of participants with MELD (model for end-
stage liver disease) score less than 15 or with Child Pugh score
A compared to studies with less than 50% of participants with
MELD less than 15 or Child Pugh score A.

We estimated the above eFects by adding covariates to the
bivariate models. We assessed the statistical significance of the
covariate eFect by using the log-likelihood ratio test for comparison
of models with and without the covariate term.

Sensitivity analyses

We assessed the eFects of risk of bias of the included studies on
diagnostic accuracy by performing a sensitivity analysis in which we
exclude studies classified as having high or unclear risk of bias in
at least one of the domains of QUADAS-2 (Appendix 2). In addition,
we defined the following signalling questions as most relevant, and
planned to conduct a sensitivity analyses in which we excluded
studies with answers of 'no' or 'unclear'.

• “Was a case-control design avoided?” (i.e. was the study design
clearly cross-sectional including a series of participants at risk of
with a clinical suspicion of HCC?)

• For studies using AFP as index test: “if a threshold was used,
was it pre-specified?”; or for ultrasound as index test: “were the
positivity criteria defined?”.

• "Were all participants included in the analysis and analysed
according to ITD principle (non-evaluable results considered as
false)?”

We did not perform the planned analysis excluding studies using
AFP without a pre-specified threshold as we chose to analyse the
results of studies using the two most common cut-oF values of 20
ng/mL and 200 ng/mL. We did not perform the planned analysis
excluding studies not reporting results obtained with ITD principle

for uninterpretable results due to lack of data because only two
studies reported the number of uninterpretable results.

We also conducted, as planned, a sensitivity analysis in which
studies published only in abstract or letter form are excluded.

Assessment of reporting bias

In order to reduce reporting bias, we did not plan to use a
filter search strategy nor to implement any language or sample
limitations. We did not plan to test for publication bias due to the
lack of validated methods for diagnostic test accuracy reviews.

'Summary of findings' table

We prepared 'Summary of findings' tables to present the main
results and key information regarding the certainty of evidence,
We assessed the certainty of evidence as recommended using the
GRADE approach (Schünemann 2008; Balshem 2011; Schünemann
2016; GRADEpro GDT). We rated the certainty of evidence as
either high (when not downgraded), moderate (when downgraded
by one level), low (when downgraded by two levels), or very
low (when downgraded by more than two levels) based on five
domains: risk of bias, indirectness, inconsistency, imprecision, and
publication bias. For each outcome, the certainty of evidence
started as high when there were high-quality observational studies
(cross-sectional or cohort studies) that enrolled participants with
diagnostic uncertainty. If we found a reason for downgrading,
we used our judgement to classify the reason as either serious
(downgraded by one level) or very serious (downgraded by two
levels; (Schünemann 2020a; Schünemann 2020b)).

Five authors (AC, TN, MF, VG, and GC) discussed judgments and
applied GRADE In the following way.

• Risk of bias: we used QUADAS-2 to assess risk of bias

• Indirectness: we assessed indirectness in relation to the
population (including disease spectrum), setting, interventions,
and outcomes (accuracy measures). We also used prevalence as
a guide to whether there was indirectness in the population.

• Inconsistency: we carried out prespecified analyses to
investigate potential sources of heterogeneity and downgraded
when we could not explain inconsistency in the accuracy
estimates

• Imprecision: we looked at the confidence intervals of sensitivity
and specificity estimates and at the unexplained heterogeneity
of the results

• Publication bias: we did not evaluate publication bias due to the
lack of validated methods for diagnostic test accuracy reviews

R E S U L T S

Results of the search

We ran the search on 5 June 2020. We identified 45,837 records
by searching the Cochrane Hepato-Biliary Group Controlled Trials
Register (n = 31), the Cochrane Hepato-Biliary Group Diagnostic
Test Accuracy Register (n = 3), the Cochrane Library (n =
958), MEDLINE Ovid (n = 12,856), Embase Ovid (n = 22,264),
LILACS (n = 351), and Science Citation Index Expanded and
Conference Proceedings Citation Index – Science (both Web of
Science) (n = 9374). We retrieved seven additional records through
handsearching. ASer exclusion of 11,347 duplicates, 34,497 records
remained for possible eligibility. ASer reading the title and the
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abstract of these records, we excluded 33,932 of them, as they
did not meet the inclusion criteria. We retrieved full texts of
the remaining 565 records, and aSer reading the full texts, we
excluded 219 studies for various reasons (Figure 1; Characteristics
of excluded studies). In particular, we excluded 109 studies
not reporting data or reported only incomplete data on the
accuracy of the index tests, 54 studies comparing participants
with hepatocellular carcinoma (HCC) with healthy participants
or including healthy participants in the control arm, and not
reporting the results of the comparison of participants with HCC
and participants with chronic liver disease, 31 reporting no original

data on the index tests, 10 studies including participants with
treated HCC and suspected recurrences, seven studies reporting
only per lesion analyses, seven studies not conducted in people
with chronic liver disease, and one study (Heyward 1985) reporting
preliminary data fully reported in an included study (McMahon
2000). Fourteeen full-text articles were translated from non English
languages, but then excluded (Del Vecchio-Blanco 1977; Aburano
1979; Mebazaa 1985; Salmi 1988; Luning 1991; Sakai 1991; Biwole
Sida 1992; Bago 1993; Carriere 1993; Ding 1995; Beaugrand 2000;
Baumgarten 2001; Ben Hassine 2007; Gao 2012).

 

Figure 1.   Study flow diagram 
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Figure 1.   (Continued)

 
Finally, we included in our review 346 records reporting data on 373
studies (Figure 1), including as a whole 168,816 participants, with
a percentage of males ranging from 40% to 100% and age ranging
from 14 to 97 years. Thirteen papers reported multiple studies in
diFerent populations that we quoted and analysed separately as
22 studies (Wang 2013a; Wang 2013b; Wang 2014a; Wang 2014b;
Wong 2014a; Wong 2014b; da Costa 2015a; da Costa 2015b: da
Costa 2015c; da Costa 2015d; Li 2016b, Li 2016c; Tayob 2016a; Tayob
2016b; Wang 2016a, Wang 2016b; Wang 2016c; Wang 2016d; Wang
2016e; Luo 2018a; Luo 2018b; Luo 2018c). We translated six studies
from non-English languages in order to include them in this review
(Mauduit Astolfi 1987; BuFet 1988; Garretti 1988; Lee 2004; Kim
2006c; Kim 2006b). Concerning the direction of data collection, 77%
(288/373) of the studies were retrospective.

We included 326 studies that assessed alpha-foetoprotein (AFP)
as the index test in 144,570 participants; 39 studies that assessed
abdominal ultrasound (US) in 18,792 participants; eight studies
that assessed both AFP and abdominal US as the index tests in 5454
participants. The studies were conducted since 1971 for AFP, 1983
for abdominal US, and 1988 for the combination of AFP and US.

We reported in the Characteristics of included studies tables the
main characteristics of the 373 studies. Investigators reported 19

studies only in abstract form, of which 17 with AFP as the index test
(Song 2011; Cheng 2012; Kim 2012; Chan 2013; Unic 2013; Min 2014;
RaF 2014; Khairy 2015; El-Serag 2017; Omar 2017; Park 2017b; Tsai
2017; Zheng 2017; Aboelfotoh 2018; Iyer 2018; Loglio 2018; Talkahn
2018), one with abdominal US as index test (RaF 2014), and one
with both AFP and US as index tests (RaF 2014).

Of the 373 included studies, 190 were conducted in Asia, 66 in
Europe, 57 in Africa, 55 in North and South America, and six
were collaborative studies in two or three continents. Seventy-
seven studies were conducted in the context of a surveillance
program, and 297 studies in participants with clinical suspicion
of having an HCC. Two hundred and eighty-eight studies were
conducted retrospectively and 86, prospectively. Three hundred
and eight studies used a mix of radiological imaging with or without
histology as reference standard, 49 used only histology, and 17 used
pathology of the explanted liver.

Methodological quality of included studies

We have reported in detail results of the quality assessment of
included studies in the Characteristics of included studies tables,
and we have summarised this information in Figure 2 and Appendix
3.

 

Figure 2.   Risk of bias and applicability concerns graph: review authors' judgements about each domain presented
as percentages across included studies
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Patient selection domain

Two hundred fiSy-nine studies had a case-control design, 108 a
cross-sectional design, and six a nested case-control design (Wong
2009; Lok 2010; Wang 2016d; Yu 2016; Choi 2019; Tayob 2019).

Alpha-foetoprotein (AFP)

Risk of bias: we judged 291 of 326 studies assessing the accuracy of
AFP, with any cut-oF, to be at high risk of bias. The most common
reason was the case-control design (256 studies). Among the 70
cross-sectional studies,40 were judged to be at high risk of bias
for inappropriate exclusion or for non-consecutive enrolment of
participants. Seventeen studies were at low risk of bias in this
domain (Arrigoni 1988; Cottone 1988; Sherman 1995; Chalasani
1999; Gambarin-Gelwan 2000; Ishii 2000; Tong 2001; Matievskaya
2003; Lee 2004; Sterling 2009; Song 2011; Singal 2012; Sterling 2012;
Tayob 2016a; Tayob 2016b; Wang 2016b; Choi 2019). Among the 147
studies using 20 ng/mL as a cut-oF value, we judged 129 studies to
be at high risk of bias and 12 at unclear risk of bias; among the 56
studies using AFP with a cut-oF value of 200 ng/mL, we judged 48
studies to be at high risk of bias.

Applicability: we judged 273 studies to be at high concern because
study participants were highly selected on the basis of aetiology or
severity of the liver diease and HCC characteristics. Among the 147
studies using 20 ng/mL as a cut-oF value, we judged 115 studies to
be at high concern; among the 56 studies using AFP with a cut-oF
value of 200 ng/mL, we judged 47 studies to be at high concern.

Abdominal ultrasound (US)

Risk of bias: 21 of the 39 studies assessing the accuracy of
abdominal US were judged to be at high risk of bias: three studies
were case-control studies (Powell-Jackson 1987; Jalli 2015; Yang
2019), and the remaining 18 were cross-sectional studies. The risk
of bias was judged as high because of inappropriate exclusion or
for non-consecutive enrolment of participants. Two studies were
judged to be at unclear risk of bias for the latter domain as they did
not report any exclusion criteria (Pateron 1994; Atiq 2017).

Applicability: we judged 22 studies at high concern as participants
were highly selected on the basis of aetiology or severity of the liver
diease and HCC characteristics.

Combination of AFP and abdominal (US)

Risk of bias: of the eight studies assessing the accuracy of
the combination of AFP and abdominal US, three studies were
judged at high risk of bias for inappropriate exclusion or for non-
consecutive enrolment of participants (BuFet 1988; Chang 2015;
Ungtrakul 2016). Chang 2015 and Ungtrakul 2016 used AFP with a
cut-oF of 20 ng/mL. All the eight studies were cross-sectional.

Applicability: we judged two studies to be at high concern, both
of which with AFP cut-oF value of 20 ng/mL, as only participants
with severe liver disease on waiting list for orthotopic liver
transplantation were included (Ungtrakul 2016; Gambarin-Gelwan
2000).

Index tests domain

Alpha-foetoprotein (AFP)

Risk of bias: we judged a total of 196 studies to be at high risk of bias.
In 128 studies, no pre-definition of a cut-oF value was reported.

In 122 studies, the result of AFP measurement was interpreted
knowing the result of the reference standard, and in 47 studies, it
was unclear. Among the 147 studies using 20 ng/mL as a cut-oF
value, we judged 73 studies to be at high risk of bias; among the
56 studies using AFP wit a cut-oF value of 200 ng/mL, we judged 54
studies to be at high risk of bias.

Applicabilty: we judged 10 studies to be at high concern due to
variations in test technology, execution or interpretation (Alpert
1971; Giannelli 2005; Tan 2014; Wang 2014b; Wang 2016b; Wang
2016c; Wang 2016d; Wang 2016e; Wang 2019a; Sun 2020). All the
studies using AFP with a cut-oF value of 20 ng/mL or 200 ng/mL
were at low concern.

Abdominal ultrasound (US)

Risk of bias: we judged 16 studies to be at high risk of bias as no
definition of positivity criteria was reported (Okazaki 1984; Tanaka
1986; Cottone 1988; Garretti 1988; Tremolada 1989; Saada 1997; Yu
2011; RaF 2014; Chang 2015; Jalli 2015; Pinero 2015; Atiq 2017; Choi
2019; Kim 2019b; Kudo 2019; Yang 2019).

Applicability: we judged all the 39 studies to be at low concern.

Combination of AFP and abdominal US

Risk of bias: we judged three studies, two with a cut-oF value of 20
ng/mL (Tremolada 1989; Kim 2019b), and one with a cut-oF value
of 5 ng/mL (Choi 2019) to be at high risk of bias as no definition of
US positivity criteria was reported.

Applciability: we judged all eight studies to be at low concern.

Reference standard domain

Alpha-foetoprotein (AFP)

Risk of bias: we judged 174 studies to be at high risk of bias. In 105
studies with a case-control design, the reference standard was not
adequate to exclude the presence of HCC, and in 24 studies, authors
reported only how they assessed the presence of a chronic liver
disease without any information concerning the target disease. In
100 studies, the reference standard was interpreted knowing the
results of the index test, and in 43 studies we judged the available
information to be insuFicient.

Applicability: we judged 55 studies to be at high concern
as pathological examination of explanted liver, or of surgical
specimen, or necroscopy, or technologies that were no longer in
use, were required to confirm the presence of HCC.

Abdominal ultrasound (US)

Risk of bias: we judged 23 studies to be at high risk of bias. In 20
studies, the reference standard was interpreted knowing the results
of the index test, and in 11 studies the reference standard was
judged to be inadequate to exclude the absence of HCC.

Applicability: we judged 13 studies to be at high concern
as pathological examination of explanted liver, or of surgical
specimen, or necroscopy, or technologies no longer in use, were
required to confirm the presence of HCC.

Combination of AFP and abdominal US

Risk of bias: we judged five studies to be at high risk of bias, four
using AFP with cut-oF 20 ng/mL (Tremolada 1989; Singal 2012;
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Ungtrakul 2016; Kim 2019b) and one with a cut-oF of 250 ng/
mL (BuFet 1988). In these studies, the reference standard was
interpreted knowing the results of the index test and was judged
inadequate to exclude the absence of HCC.

Applicability: we judged two studies to be at high concern as the
reference standard was the pathological examination of explanted
liver (Gambarin-Gelwan 2000) or histology and arteriography
(BuFet 1988). Of these two studies, Gambarin-Gelwan 2000 used
AFP with a cut-oF value of 20 ng/mL.

Flow and timing domain

Alpha-foetoprotein (AFP)

Risk of bias: we judged 263 studies to be at high risk of bias. In 259
studies, participants did not receive the same reference standard.
In six studies, the time interval between the index test and the
reference standard was judged to be too long, whereas in other 305
studies, this information was not reported.

Abdominal ultrasound (US)

Risk of bias: we judged at high risk of bias 27 studies: in 22
studies participants did not receive the same reference standard.
In six studies, the time interval between the index test and the
reference standard was judged to be too long, whereas in other 25
studies, this information was not reported. Two studies reported
the proportion of uninterpretable results (Atiq 2017, 56/523 and
Maringhini 1988, 28/363), allowing an analysis according to the
intention-to-diagnose principle, and another study included in the
analyses uninterpretable results (Chang 2015).

Combination of AFP and abdominal US

Risk of bias: we judged six studies to be at high risk of bias (BuFet
1988; Tremolada 1989; Singal 2012; Chang 2015; Ungtrakul 2016;
Kim 2019b). In five studies, participants did not receive the same
reference standard,and in five studies, there was no information on
the time interval between the index test and the reference standard.
We judged one study to be at unclear risk of bias (Gambarin-Gelwan
2000), and one study to be at low risk of bias (Choi 2019). Of the six
studies using AFP with cut-oF 20 ng/mL, five were at high risk of bias
and one at unclear risk of bias.

Overall assessment

As shown in Figure 2, we judged 304 studies at high risk of bias and
13 studies at unclear risk for the patient selection domain. For the
index test domain, 196 studies with AFP were judged at high risk of
bias and 23 at unclear risk; 16 studies with US were judged at high
risk, and three studies with combination of AFP and US were judged
at high risk. For the reference standard domain, 184 studies were

judged at high risk of bias and 47 at unclear risk. For the flow and
timing domain, 276 studies were judged at high risk of bias and 53
at unclear risk. We classified a study as having a high risk of bias
if at least one of the domains of QUADAS-2 was judged as being at
high or unclear risk of bias (Methods). We judged only one study to
be at low risk of bias (Bennett 2002): this study was retrospectively
conducted in a series of consecutive participants who underwent
liver transplantation. The index test was abdominal US performed
according to predefined positivity criteria and performed less than
90 days earlier, and the reference standard was the pathological
examination of the explanted liver.

Concerning applicability, for the patient selection domain we
judged at high concern 289 studies; for the index test domain 10
studies using AFP were judged at high concern, none using US or
combination of AFP and US; for the reference standard domain 60
studies were judged at high concern and 10 at unclear concern.

Findings

Alpha-foetoprotein (AFP)

Description of the included studies

Three hundred and twenty-six studies with 144,570 participants
provided data assessing serum alpha-foetoprotein (AFP)
measurement for the diagnosis of HCC. The median prevalence of
the target disease was 50% (interquartile range (IQR) 33% to 59%).
When considering only the 70 cross-sectional studies, the median
prevalence was 16% (IQR 9% to 33%). The cut-oF values ranged
from 5 ng/mL to 1000 ng/mL. The median prevalence of cirrhosis
was 100% (IQR 73% to 100%). The median of the proportion of
participants in Child-Pugh class A was 61% (IQR 38% to 82%) while
the median proportion of participants with viral aetiology was
100% (IQR 76% to 100%). The median proportion of resectable
HCC was 57% (IQR 34% to 91%) and the median of the mean HCC
diameter across studies was 29.5 mm (IQR 20.5 mm to 46 mm).
The studies were conducted from 1971 to 2020. Considering study
location, 174 studies were conducted in Asia, 57 in Africa, 52 in
Europe, 39 in North and South America, and four in more than
one continent. FiSy studies were conducted in the context of a
surveillance programme for HCC and 276 in a clinical setting.

Pooled results

Appendix 4 shows a forest plot of sensitivity and specificity with
their 95% confidence intervals (CIs), and Figure 3 shows a graphical
representation of studies in the receiver operating characteristic
(ROC) space (sensitivity against 1 - specificity). We performed a
meta-analysis using the hierarchical summary ROC model (HSROC)
as the primary studies reported accuracy estimates of AFP using
diFerent cut-oF values (Figure 3).
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Figure 3.   Summary receiver operating characteristic (ROC) comparing in 326 studies alpha-foetoprotein serum
measurement with any cut-o0 value and di0erent reference standards. Reference standards were: the pathology
of the explanted liver in case of transplantation; the histology of resected focal liver lesions, or the histology of
biopsied focal liver lesion(s) with a follow-up period of at least six months, typical characteristics on cross-sectional
multiphasic contrast CT or MRI, with a follow-up period of at least six months.

 
We then carried out two meta-analyses that included only studies
that reported a cut-oF value of 20 ng/mL or 200 ng/mL (the most
used values).

AFP cut-o0 value around 20 ng/mL

Description of the included studies

One hundred forty seven studies with 52,144 participants provided
data using a cut-oF value of around 20 ng/mL (from 19 to 21 ng/
mL). Five studies were published only in abstract form; 111 were

case-control studies. The median prevalence of HCC across studies
was 50% (IQR 33% to 63%). When considering only the 32 cross-
sectional studies, the median prevalence was 11% (IQR 7% to 20%).
The median proportion of participants with liver cirrhosis was 100%
(data reported by 96 studies, IQR 75% to 100%), and the median
prevalence of participants in Child-Pugh class A was 67% (51
studies, IQR 43% to 82%). The median proportion of participants
with viral aetiology of cirrhosis was 97% (119 studies, IQR 78% to
100%) and the median of mean HCC across studies diameter was
27 mm (20 studies, IQR 22.5 to 46.5 mm). Finally, the median of
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participants with resectable HCC was 59% (29 studies, IQR 42% to
87%). The studies were conducted from 1982 to 2020. Considering
study location, 98 were conducted in Asia, 22 in Europe, 7 in Africa,
19 in North and South America, and one in three continents. Thirty

studies were conducted in the context of a surveillance programme
for HCC and 117 in a clinical setting. The sensitivity varied from 25%
to 90% (IQR from 53% to 67%) and the specificity from 35% to 100%
(IQR from 76% to 90%; Figure 4).

 

Figure 4.   Forest plots of sensitivity and specificity of alpha-foetoprotein with a cut-o0 value around 20 ng/mL
against di0erent reference standards in 147 studies ordered by study design, setting and increasing HCC prevalence.
Reference standards were: the pathology of the explanted liver in case of transplantation, the histology of resected
focal liver lesions, or the histology of biopsied focal liver lesions with a follow-up period of at least six months,
typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six
months. TP = true positive; FP = false positive; FN = false negative; TN = true negative. Values between brackets
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are the 95% confidence intervals (CIs) of sensitivity and specificity. The figure shows the estimated sensitivity and
specificity of the study (blue square) and its 95% CI (black horizontal line).
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Figure 4.   (Continued)

 
Pooled results

By using the bivariate model, we obtained the following pooled
estimates: sensitivity 60% (95% CI 58% to 62%), specificity 84%

(95% CI 82% to 86%), LR+ 3.84 (95% CI 3.39 to 4.33), LR- 0.48 (95%
CI 0.45 to 0.50; Figure 5).
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Figure 5.   Summary receiver operating characteristic (ROC) comparing alpha-foetoprotein with a cut-o0 value
around 20 ng/mL (black circles) and alpha-foetoprotein with a cut-o0 value around 200 ng/mL (red diamonds)
against the same reference standards.
Reference standards were: the pathology of the explanted liver in case of transplantation;the histology of resected
focal liver lesion(s), or the histology of biopsied focal liver lesions with a follow-up period of at least six months,
typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six
months. The solid circles represent the summary estimates of sensitivity and specificity for AFP cut-o0 around 20
ng/ml (black circle) and AFP cut o0 200 ng/ml (red circle). The dotted lines represent the 95% confidence regions.
The dashed lines represent the 95% prediction regions.

 
In the 30 studies conducted in a surveillance programme, the
pooled sensitivity was 54% (95% CI 59% to 63%) and specificity

83% (95% CI 84% to 85%); in the 117 studies conducted in a clinical
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setting, the pooled sensitivity was 61% (95% CI 59% to 63%) and
the specificity 83% (95% CI 84% to 85%; Figure 6).
 

Figure 6.   Summary receiver operating characteristic (ROC) comparing the results of studies conducted in di0erent
settings, surveillance programs (black circles) and clinical setting (red diamonds) against the same reference
standards. Reference standards were: the pathology of the explanted liver in case of transplantation; the histology
of resected focal liver lesions, or the histology of biopsied focal liver lesion(s) with a follow-up period of at least six
months, typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least
six months. The solid circles represent the summary estimates of sensitivity and specificity for surveillance setting
(black circle) and clinical suspect setting (red circle). The dotted lines represent the 95% confidence regions. The
dashed lines represent the 95% prediction regions.
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We assessed the diagnostic accuracy for resectable HCC as a
secondary objective. We found six studies with 1722 participants
with more than 90% of participants with resectable HCC (Nomura
1996; Nomura 1999; Gambarin-Gelwan 2000; Shen 2012b; Tan 2012;
Song 2014). By using the bivariate model, the sensitivity was 65%
(95% CI 62% to 68%), the specificity 80% (95% CI 59% to 91%), LR+
3.2 (95% CI 1.4 to 7.2) and LR- 0.44 (95% CI 0.34 to 0.56).

Heterogeneity analysis

We investigated heterogeneity while considering studies with AFP
cut-oF values around 20 ng/mL. Table 2 shows the comparisons
of diFerent predefined subgroups. The estimates of sensitivity
and specificity were diFerent only for the comparison of
studies including participants recruited from planned surveillance
programs compared to clinical cohorts (P = 0.005).

Sensitivity analysis

When considering only the 36 studies with a cross-sectional design,
we obtained an AFP sensitivity of 57% (95% CI 52% to 62%) and
specificity of 88% (95% CI 84% to 91%; Table 2). When considering
the 142 studies published in full text, we obtained an AFP sensitivity
of 60% (95% CI 58% to 62%) and specificity of 84% (95% CI 82%
to 86%; Table 2). We did not perform the remaining sensitivity
analyses as all studies were judged to be at high risk of bias, and no
study reported uninterpretable results.

AFP cut-o0 value 200 ng/mL

Description of the included studies

FiSy-six studies with 20,452 participants provided data using a cut-
oF value of 200 ng/mL.

Two studies were published only in abstract form, 42 were case-
control studies. The median prevalence of HCC was 51% (IQR 34%
to 63%). When considering only the 14 cross-sectional studies,
the median prevalence was 21% (IQR 9% to 34%). The median
proportion of participants with liver cirrhosis was 100% (data
reported by 41 studies, IQR 92% to 100%) and the median
prevalence of Child-Pugh class A participants was 47% (24 studies,
IQR 32% to 77%); the median proportion of participants with viral
aetiology of cirrhosis was 100% (41 studies, IQR 79% to 100%);
the median of the mean HCC diameter across studies was 31 mm
(10 studies, IQR 20 mm to 42 mm). The median prevalence of
resectable HCC was 51% (10 studies, IQR 36% to 73%). The studies
were conducted from 1988 to 2018. Considering study location, 31
studies were conducted in Asia, nine in Africa, nine in North and
South America, and eight in Europe, Seven studies were conducted
in the context of a surveillance programme for HCC and 49 in a
clinical setting. Sensitivity varied from 4% to 83% (IQR 23% to 50%)
and specificity from 87% to 100% (IQR from 97% to 100%; Appendix
5).

Pooled results

By using the bivariate model, we obtained the following estimates:
sensitivity 36% (95% CI 31% to 41%), specificity 99% (95% CI 98% to
100%), LR+ 35.9 (95% CI 22.2 to 57.9) LR- 0.64 (95% CI 0.60 to 0.695;
Figure 5).

We assessed the diagnostic accuracy for resectable HCC as a
secondary objective. We found only two studies with more than
90% of participants with resectable HCC, preventing a meta-

analysis of their results: Nomura 1996, with 128 participants,
reported a sensitivity of 4% (95% CI 0% to 19%) and a specificity of
100% (95% CI 96% to 100%) and Sassa 1999, with 195 participants,
reported a sensitivity of 8% (95% CI 3% to 18%) and a specificity of
100% (95% CI 97% to 100%).

Heterogeneity analysis

We investigated heterogeneity while considering studies with AFP
cut-oF value of 200 ng/mL. Table 3 shows the comparisons of
diFerent predefined subgroups. The estimates of sensitivity and
specificity were diFerent for the comparison of studies conducted
in diFerent continents; and also for studies including more than
50% of participants in Chil-Pugh class A compared to studies
including less than 50% in Child-Pugh class A.

Sensitivity analysis

When considering only the 14 studies with a cross-sectional design,
we obtained an AFP sensitivity of 39% (95% CI 28% to 51%) and a
specificity of 99% (95% CI 98% to 99%; Table 3).

When considering the 54 studies published in full text and excluding
the two published in abstract form, we obtained an AFP sensitivity
of 36% (95% CI 31% to 41%) and a specificity of 99% (95% CI 98%
to 100%; Table 3),

We did not perform the remaining sensitivity analyses as all studies
were judged to be at high risk of bias, and no study reported
uninterpretable results.

Abdominal ultrasound (US)

Description of the included studies

Thirty-nine studies with 18,792 participants provided data
assessing abdominal ultrasound (US) for the diagnosis of HCC.

The median prevalence of the target disease was 15% (interquartile
range 8% to 31%). When considering the 36 cross-sectional studies,
the median prevalence of HCC was 15% (IQR 9% to 25%). All
included participants had hepatic cirrhosis. The median prevalence
of Child-Pugh class A participants was 69% (14 studies, IQR 30%
to 81%), and the median proportion of participants with viral
aetiology was 60% (26 studies, IQR 40% to 84%). The median
proportion of participants with resectable HCC was 76% (20 studies,
IQR 40% to 95%) and the median of the mean diameter across
studies was 24 mm (17 studies, IQR 20.5 mm to 31 mm). The studies
were conducted from 1983 to 2020. Considering study location, 13
studies were conducted in North and South America, 13 in Asia,
12 in Europe, and one in three continents. Twenty studies were
conducted in the context of a surveillance program for HCC and 19
in participants with clinical suspected HCC.

Pooled results

Figure 7 shows the forest plot of sensitivity and specificity with their
95% CIs, and Figure 8 shows a graphical representation of studies
in the receiver operating characteristic (ROC) space (sensitivity
against 1 - specificity). Sensitivity ranged from 28% to 100% (IQR
44% to 89%) and specificity from 43% to 100% (IQR 86% to 96%). We
performed a meta-analysis using the bivariate model, as the index
test results are dichotomous (i.e. positive or negative) without a
threshold. We obtained the following estimates: sensitivity 72%
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(95% CI 63% to 79%), specificity 94% (95% CI 91% to 96%), LR+ 12.5
(95% CI 8.6 to 18.25), LR- 0.29 (95% CI 0.22 to 0.39).
 

Figure 7.   Forest plots of sensitivity and specificity of ultrasound against di0erent reference standards.in 39 studies.
Reference standards were: the pathology of the explanted liver in case of transplantation.;the histology of resected
focal liver lesions, or the histology of biopsied focal liver lesion(s) with a follow-up period of at least six months,
typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six
months. TP = true positive; FP = false positive; FN = false negative; TN = true negative. Values between brackets
are the 95% confidence intervals (CIs) of sensitivity and specificity. The figure shows the estimated sensitivity and
specificity of the study (blue square) and its 95% CI (black horizontal line).The individual studies are ordered by
study design (cross-sectional or case-control), study setting (clinical setting or surveillance program) and increasing
sensitivity.
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Figure 8.   Summary receiver operating characteristic (ROC) comparing, in 39 studies, ultrasound and di0erent
reference standards. Reference standards were: the pathology of the explanted liver in case of transplantation; the
histology of resected focal liver lesions, or the histology of biopsied focal liver lesion(s) with a follow-up period of at
least six months, typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of
at least six months. The solid circle represents the summary estimate of sensitivity and specificity.The dotted lines
represent the 95% confidence regions. The dashed lines represent the 95% prediction regions.

 
We assessed the diagnostic accuracy for resectable HCC as a
secondary objective. We found seven studies (2163 participants)
with more than 90% with resectable HCC (Dodd 1992; Gambarin-
Gelwan 2000; Kim 2001; Villacastin Ruiz 2016; Choi 2019; Kudo 2019;
Park 2020). By using the bivariate model, the pooled sensitivity was
53% (95% CI 38% to 67%), specificity 96% (95% CI 94% to 97%), LR
+ 12.3 (95% CI 7.7 to 19.5), LR- 0.5 95% CI 0.36 to 0.68).

Heterogeneity analysis

We investigated heterogeneity while considering studies using US
as the index test and found no diFerence between the prespecified
subgroups (Table 4).

Sensitivity analysis

When considering only the 36 studies with a cross-sectional design,
we obtained a pooled sensitivity of 71% (95% CI 62% to 79%) and a
specificity of 95% (95% CI 92% to 97%; Table 4).
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When considering only the 25 studies that prespecified the
positivity criteria, we obtained a pooled sensitivity of 74% (95% CI
63% to 83%) and a specificity of 93% (95% CI 89% to 96%; Table 4).

When considering only the three studies reporting uninterpretable
results with intention-to-diagnose analysis, we obtained a
sensitivity of 80% (95% CI 71% to 81%) and a specificity of 76% (95%
CI 71% to 81%).

When considering the 38 studies published in full text and excluding
the two published studies in abstract form, we obtained sensitivity
of 72% (95% CI 64% to 80%) and specificity of 94% (95% CI 91% to
96%).

Combination of AFP and US

Description of the included studies

Eight studies with 5454 participants provided data assessing the
combination of measurement of serum AFP and abdominal US for
the diagnosis of HCC.

All studies considered positive the combination of the two tests
when at least one was positive. The median prevalence of the
target disease was 16% (IQR 9% to 17%). The median proportion
of participants with liver cirrhosis was 100% (data reported by

eight studies: in six studies it was 100%, in one study it was
93%, and in another study it was 53%). The median prevalence of
participants with Child-Pugh class A was 86% (data reported by four
studies, IQR 60% to 96%) and the median prevalence of participants
with viral aetiology was 84% (six studies, IQR 44% to 88%). The
median proportion of resectable HCC was 76% (six studies, IQR
59% to 91%), and the mean diameter was 24 mm (four studies,
IQR 18.5 to 31.5 mm). The studies were conducted from 1988 to
2019. Considering study location, three studies were conducted in
North and South America, three in Asia, one in Europe, and one in
three continents. Seven studies were conducted in the context of
a surveillance programme for HCC and two studies in participants
with the clinical suspected HCC.

Figure 9 shows the forest plot of sensitivity and specificity with
their 95% CIs, and Appendix 6 shows a graphical representation
of studies in the receiver operating characteristic (ROC) space
(sensitivity against 1 - specificity). Considering only the six studies
(5,044 participants) which used for AFP a cut-oF value of 20 ng/mL,
we performed a meta-analysis using the bivariate model and we
obtained the following pooled estimates: sensitivity 96% (95% CI
88% to 98%), specificity 85% (95% CI 73% to 93%), LR+ 6.5 (95%
CI 3.5 to 12.0) and LR- 0.05 (95% CI 0.02 to 0.14; (Tremolada 1989;
Gambarin-Gelwan 2000; Singal 2012; Chang 2015; Ungtrakul 2016;
Kim 2019b)).

 

Figure 9.   Forest plots of sensitivity and specificity of the combination of alpha-foetoprotein and ultrasound
against di0erent reference standards in 8 studies ordered by increasing sensitivity.Rreference standards were: the
pathology of the explanted liver in case of transplantation.;the histology of resected focal liver lesion(s), or the
histology of biopsied focal liver lesions with a follow-up period of at least six months, typical characteristics on
cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six months. TP = true positive; FP
= false positive; FN = false negative; TN = true negative. Values between brackets are the 95% confidence intervals
(CIs) of sensitivity and specificity. The figure shows the estimated sensitivity and specificity of the study (blue
square) and its 95% CI (black horizontal line)

 
We assessed the diagnostic accuracy for resectable HCC as a
secondary objective. We found only two studies with more than
90% of participants with resectable HCC, preventing a meta-
analysis of their results: Choi 2019 with 203 participants, reported a
sensitivity of 89% (95% CI 73% to 97%) and specificity of 83% (95%
CI 76% to 88%) and Gambarin-Gelwan 2000 with 106 participants,
reported a sensitivity of 79% (95% CI 54% to 94%) and a specificity
of 87% (95% CI 79% to 94%).

Heterogeneity analysis

We investigated heterogeneity while considering studies using
the combination of AFP 20 ng/mL and US as the index test
and found no diFerence between some prespecified subgroups:
prospective compared to retrospective studies, studies conducted
before 2000 compared to those conducted aSer 2000, studies with
HCC prevalence lower than 10% compared to studies with HCC

prevalence higher than 10%, studies conducted in surveillance
programmes compared to studies conducted in people with
suspected HCC. We could not assess the remaining comparisons
because of the small number of included studies (Table 5).

Sensitivity analysis

We did not perform the sensitivity analyses as all the studies were
judged to be at high risk of bias; all the studies were cross-sectional;
no study reported uninterpretable results; all the studies were
published as full text, and only two studies reported predefined US
positivity criteria (Singal 2012; Ungtrakul 2016; Table 5).

Comparative analyses

The indirect comparison between the 147 studies with AFP at a cut-
oF value of around 20 ng/mL showed an AFP sensitivity of 60%
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(95% CI 58% to 62%) and specificity of 84% (95% CI 82% to 86%)
compared to the 39 studies with US showing a sensitivity of 72%
(95% CI 63% to 79%) and specificity of 94% (95% CI 91% to 96%).

Both US sensitivity (P = 0.0011) and specificity (P < 0.0001) were
higher than those of AFP (Figure 10).

 

Figure 10.   Summary receiver operating characteristic (ROC) showing the indirect comparison (between study) of
the results of two di0erent index tests, ultrasound (black circles) and alpha-foetoprotein with a cut-o0 value around
20 ng/mL (red diamonds) against the same reference standards (the pathology of the explanted liver in case of
transplantation.;the histology of resected focal liver lesion(s), or the histology of biopsied focal liver lesion(s) with
a follow-up period of at least six months, typical characteristics on cross-sectional multiphasic contrast CT or MRI,
with a follow-up period of at least six months). The solid circles represent the summary estimates of sensitivity and
specificity for ultrasound (black circle) and AFP cut-o0 20 ng/ml (red circle).” The dotted lines represent the 95%
confidence regions.
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For the direct comparison between the two tests, 15 studies
provided data assessing AFP measurement with a cut-oF value
of 20 ng/mL and abdominal US (Okazaki 1984; Cottone 1988;
Maringhini 1988; Tremolada 1989; Sherman 1995; Chalasani 1999;
Gambarin-Gelwan 2000; Wong 2008; Singal 2012; RaF 2014; Chang
2015; Ungtrakul 2016; Atiq 2017; Kim 2019b; Yang 2019). We found
that four studies (Sherman 1995; RaF 2014; Atiq 2017; Yang 2019)
reported data obtained in diFerent participants for the two index
tests. For this reason, we excluded them from the direct comparison

analysis. Thus, we included 11 studies with 6674 participants
allowing a direct comparison (Figure 11). By using the bivariate
model, we obtained the following pooled estimates: for AFP (cut-
oF value 20 ng/mL), sensitivity 64% (95% CI 56% to 71%) and
specificity 89% (95% CI 79% to 94%); for US, sensitivity 81% (95%
CI 66% to 90%) and specificity 92% (95% CI 83% to 97%). The
sensitivity of US was higher (P = 0.0044; relative sensitivity 1.27,
95% CI 1.06 to 1.49) while the specificities did not diFer (P = 0.3861;
relative specificity 1.04, 95% CI 0.95 to 1.12).
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Figure 11.   Summary receiver operating characteristic (ROC) showing the direct comparison (within study) of
the results of two di0erent index tests, alpha-foetoprotein with a cut-o0 value around 20 ng/mL (black circles)
and ultrasound (red diamonds)in the same participants against the same reference standards (the pathology of
the explanted liver in case of transplantation.;the histology of resected focal liver lesion(s), or the histology of
biopsied focal liver lesion(s) with a follow-up period of at least six months, typical characteristics on cross-sectional
multiphasic contrast CT or MRI, with a follow-up period of at least six months). The solid circles represent the
summary estimates of sensitivity and specificity for AFP, with cut-o0 around 20 ng/ml (black circle) and for US, for
direct comparison (red circle).” The dotted lines represent the 95% confidence regions. .

 
Seven studies provided data assessing either US or the
combination of US and AFP with a cut-oF 20 ng/mL. ASer excluding
the RaF 2014 study which reported data obtained in diFerent

participants, six studies with 5044 participants allowed a direct
comparison (Figure 12). By using the bivariate model, we obtained
for US a sensitivity of 76% (95% CI 56% to 89%) and a specificity
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of 93% (95% CI 80% to 98%); for the combination of US and AFP, a
sensitivity of 96% (95% CI 88% to 98%) and a specificity of 85% (95%
CI 73% to 92%). The sensitivity of the combination of US and AFP

was higher (P = 0.0141; relative sensitivity 1.28, 95% CI 1.03 to 1.53)
while the specificity did not diFer (P = 0.1024; relative specificity
0.94, 95% CI 0.87 to 1.01) compared with US alone.

 

Figure 12.   Summary receiver operating characteristic (ROC) showing the direct comparison (within study) of the
results of two di0erent index tests, ultrasound (black circles) and the combination of alpha-foetoprotein with a
cut of value around 20 ng/mL and ultrasound (red diamonds) in the same participants against the same reference
standards. Reference standards were: the pathology of the explanted liver in case of transplantation,the histology
of resected focal liver lesions, or the histology of biopsied focal liver lesion(s) with a follow-up period of at least six
months, typical characteristics on cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least
six months. The solid circles represent the summary estimates of sensitivity and specificity for ultrasound (black
circle) and US + AFP cut-o0 20 ng/ml (red circle). The dotted lines represent the 95% confidence regions.
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Summaryof findings tables

The main results are shown in the Summary of findings 1 and
Summary of findings 2.

D I S C U S S I O N

Summary of main results

This review aimed to assess the diagnostic accuracy of abdominal
ultrasound (US) and alpha-foetoprotein (AFP), alone or in
combination, for the diagnosis of hepatocellular carcinoma (HCC)
of any size and at any stage in people with chronic liver disease,
either in a surveillance programme or in a clinical setting. The main
results are shown in the Summary of findings 1 and Summary of
findings 2 tables.

We included 373 studies: 326 studies assessed AFP as the index test
in 144,570 participants; 39 studies assessed abdominal US in 18,792
participants; and eight studies assessed both AFP and abdominal
US as the index tests in 5454 participants.

We judged only one study (US as the index test) to be at low
risk of bias for all four QUADAS-2 domains (Bennett 2002); all
the remaining studies were considered to be at high or unclear
risk of bias in at least one domain. We also judged most
studies (323/373) to be at high concern for the applicability of
the results, mainly because of the patient selection domain, as
only people with viral aetiology or decompensated liver disease
were included, or participants were selected according to volume
or other characteristics of the target disease, and because of
the reference standard domain, as to confirm the presence of
HCC, pathological examination of explanted liver, or of surgical
specimen, or necroscopy, or technologies no longer in use, were
required.

We summarised the main results of analyses in the Summary
of findings 1 and Summary of findings 2. We considered
the following consequences of test results: people with true-
positive results, i.e. with HCC and positive test results, will
receive appropriate further testing and possibly treatment; people
with true-negative results, i.e. without HCC and negative test
results, will appropriately avoid further testing; people with false-
negative results, i.e. with HCC and negative test results, are
misdiagnosed and will not receive the appropriate treatment;
people with false-positive results, i.e. without HCC and positive test
results, will undergo inappropriately further testing with computed
tomography (CT), contrast-enhanced ultrasound (CEUS), magnetic
resonance imaging (MRI), or biopsy.

The prevalence of HCC varied widely, from 1% to 82%, according
to the study design and the diFerent settings. For exemplification,
we considered in the 'Summary of findings' tables two diFerent
populations: a population at low risk of HCC, with an HCC
prevalence of 5%, a value close to that reported by most
epidemiological studies (Lok 2009; EASL 2018; Forner 2018); a
population at high risk of HCC, with a prevalence of 30%, that is the
median of the prevalence in the included cross-sectional studies
conducted in clinical cohorts.

Alpha-foetoprotein (AFP)

There was a wide variation in the used cut-oF values in the
studies with AFP as the index test, and, therefore, we performed a
meta-analysis with the hierarchical summary ROC model (HSROC)
(Figure 3). There was a considerable heterogeneity in the accuracy
estimates, which could in some degree be attributable to the
diFerent cut-oF values. In order to obtain a pooled estimate of the
sensitivity and the specificity, we chose the two most used cut-oF
values: around 20 ng/mL reported in 147 of 326 studies, and 200 ng/
mL reported in 56 studies.

AFP cut-o0 around 20 ng/mL

For AFP with a cut-oF of around 20 ng/mL, performing the meta-
analysis with the bivariate model, we obtained the following pooled
estimates: sensitivity of 60% (95% CI 58% to 62%) and specificity
of 84% (95% CI 82% to 86%). Considering a hypothetical cohort
of 1000 people with an HCC prevalence of 5%, we can expect 20
false-negative and 148 false-positive results; with a prevalence of
30%, we can expect 121 false-negative and 109 false-positive results
(Summary of findings 1).

These results were also consistent with those obtained in a
sensitivity analysis considering the studies with a cross-sectional
design alone. We found the setting of the studies as a possible
source of heterogeneity: we found diFerent results in studies
with enrolment from surveillance programmes compared to
studies with enrolment from clinical series. We observed some
heterogeneity of accuracy estimates between studies (sensitivity,
IQR from 53% to 67%; specificity, IQR from 76% to 90%). Altogether,
the heterogeneity of the results remained unexplained despite
the exploration of many other possible sources. We did not find
any diFerence between studies with cross-sectional and case-
control design. Moreover, the results seem consistent in diFerent
geographical areas, along the time, according to HCC prevalence
and volume, and according to viral or non viral aetiology and
severity of the underlying chronic liver disease. The pooled
estimates are quite precise with narrow 95% CIs, but all the studies
were at high risk of bias and at high concern for applicability,
and with a wide inconsistency that could not be explained by
the investigation of potential sources. We judged the certainty of
evidence as very low.

AFP cut-o0 value of 200 ng/mL

For the 56 studies on AFP with a cut-oF value of 200 ng/mL,
performing the meta-analysis with bivariate model, we obtained
sensitivity of 36% (95% CI 31% to 41%) and specificity of 99% (95%
CI 98% to 99%). Considering a hypothetical cohort of 1000 people
with a HCC prevalence of 5%, we can expect 32 false-negative and
10 false-positive results; with a prevalence of 30%, we can expect
195 false-negative and 7 false-positive results (Summary of findings
1). These results were consistent also in a sensitivity analysis of
the studies with cross-sectional design alone. We observed some
heterogeneity of accuracy estimates between studies (sensitivity,
IQR, 23% to 50%; specificity, IQR 97% to 100%). As possible
sources of heterogeneity, we found geographical location (studies
conducted in diFerent continents) and severity of the underlying
liver disease, according to Child-Pugh classification (Table 3). The
pooled estimates are quite precise with narrow 95% CIs, but
all studies were at high risk of bias and at high concern for
applicability, and with a wide inconsistency that could not be
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explained by the investigation of potential sources. We judged the
certainty of evidence as very low.

Abdominal ultrasound

For the 39 studies using US as the index test, performing the meta-
analysis with bivariate model, we obtained the following pooled
estimates: sensitivity of 72% (95% CI 63% to 79%) and specificity
of 94% (95% CI 91% to 96%). Considering a hypothetical cohort
of 1000 people with an HCC prevalence of 5%, we can expect
2 false-negative and 143 false-positive results; with a prevalence
of 30%, we can expect 143 false-negative and 42 false-positive
results (Summary of findings 1). We observed some heterogeneity
of accuracy estimates between studies (sensitivity, IQR 44% to 89%;
specificity, IQR 86% to 96%). Our investigation of the potential
sources cannot explain this inconsistency of the results. Most
studies are at high risk of bias and many at high concern for
applicability. The pooled estimates of accuracy have narrow 95%
Cl. We judged the certainty of evidence as very low.

Combination of AFP and abdominal ultrasound

For the six studies, using a combination of AFP with cut-oF value
20 ng/mL and US as index test, the meta-analysis with the bivariate
model produced the following pooled estimates: sensitivity of
96% (95% CI 88% to 98%) and specificity of 85% (95% CI 73%
to 93%). Considering a hypothetical cohort of 1000 people with
a HCC prevalence of 5%, we can expect 2 false-negative and 143
false-positive results; with a prevalence of 30%, we can expect 2
false-negative and 105 false-positive results (Summary of findings
1). All studies are at high risk of bias and many at high concern
for applicability. We did not find a considerable inconsistency of
the results and imprecision of the estimates with wide confidence
intervals 95% Cl. We judged the certainty of evidence as low.

Comparisons

We compared the results of the two index tests: AFP and US. We
performed a direct (within-study) comparison in 11 studies using
US and AFP with a cut-oF value of around 20 ng/mL and showing
a higher sensitivity of US with similar specificities (Figure 11). An
indirect comparison between 147 AFP studies, with a cut-oF value
of around 20 ng/mL, and 39 US studies showed a higher sensitivity
and specificity of US (Figure 10). The direct comparison considering
only the six studies, reporting both US and the combination of AFP
(cut-oF 20 ng/mL) as index test and US performed in the same
participants, showed a higher sensitivity of the combination of AFP
and US (relative sensitivity 1.28, 95% CI 1.03 to 1.53, P = 0.0141),
while the specificities did not diFer (relative specificity 0.94, 95%
CI 0.87 to 1.01; Figure 12). All studies were at high risk of bias and
many at high concern for applicability. We judged the certainty of
evidence as low (Summary of findings 2).

Strengths and weaknesses of the review

Strengths and weaknesses of included studies

Overall, the included studies cover a vast time span and a
wide geographical distribution including areas with high and low
prevalence of chronic liver disease and HCC.

We found more studies using AFP (n = 326) than using US (n = 39),
or the combination of AFP and US (n = 8) as the index test. As we
anticipated, many studies with biomarkers were conducted with a
case-control design, and in order to improve the completeness of

our review, we included studies that compared people with known
HCC to matched control. The large number of studies allowed us
to obtain precise summary estimates of sensitivity and specificity
with narrow confidence intervals. On the other hand, we found only
11 studies providing data for a direct (within study) comparison of
AFP and US.

An overall quality assessment of the studies showed some common
methodological weaknesses. We considered only one study to
be at low risk of bias (Bennett 2002). In most studies with AFP
as the index test, the design was case-control and the risk of
bias was high for patient selection. Furthermore, diFerent cut-
oF values were used, ranging from 5 ng/mL to 1000 ng/mL, and
these were rarely predefined. The choice of the reference standard
was also a major concern for all studies, either with AFP or US,
or the combination of AFP and US as index test. The most used
reference standard was CT or MRI, or their combination (as also
recommended by most clinical guidelines; (Omata 2017; EASL 2018;
Heimbach 2018)), but these tests cannot be regarded as absolutely
accurate. Another choice of a reference standard was the histology
of focal lesion, which is highly specific, but not sensitive, especially
for small lesions, and cannot be obtained in the participants with
a negative index test. Lastly, another reference standard is the
pathology of the explanted liver which is possible only in studies
conducted on participants with advanced and decompensated liver
disease on a waiting list for transplantation which does not match
the review question. In some studies, an AFP value, higher than
200 ng/mL, 400 ng/mL, or 500 ng/mL was one of the criteria
for the reference standard. Moreover, in case-control studies, it
was oSen unclear how the target disease was excluded in control
participants. Reporting the time interval between the index test
and the reference standard was very rare, and oSen participants
underwent diFerent reference standards according to the results
of the index test. Furthermore, US is also considered associated
with frequent technical failure and with uninterpretable results:
interferences due to extrinsic factors such as interposed bowel,
ribs, lung, or ascites, as well as patient factors such as obesity or
inability to comply with breathing instructions, severe steatosis or
severe parenchymal heterogeneity from advanced cirrhosis may
impair visualisation of the liver (Rodgers 2019). Up to 14% of US
examination were retrospectively judged as inadequate and only
66.5% as definitely adequate in a study of US quality in a HCC
surveillance programme in people with liver cirrhosis (Simmons
2017). We found only three studies that addressed this problem
reporting the number of uninterpretable results. Not reporting
these technical failures of US examination and excluding them from
analyses could have produced an overestimation of test accuracy.

Using QUADAS-2, we judged more than 85% of the included
studies at high concern for applicability. The case-control design,
adopted in most AFP studies, results in an artefactual mixing of
aFected and non-aFected participants which impairs applicability.
However, even in cross-sectional studies, as were most US and
combination of AFP and US studies, the inclusion/exclusion criteria
and diFerent settings make the included participants diFerent from
those targeted by the review question. On the contrary, we judged
at low concern most studies for the other two domains, i.e. index
test and reference standard.

Finally, many studies did not report all the covariates we planned
to assess as possible source of heterogeneity, and this might have
impaired both their and our analyses.
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Strengths and weaknesses of the review process

Limitations of the search strategy

Our search strategy allowed us to obtain a large number of studies
that were conducted in various countries, showing a widespread
implementation globally of the index tests, and confirming the
clinical relevance of the review question. In order to improve
the completeness of our review, we planned to include even
studies with case-control design that are considered to be at
high risk of bias due to inflated accuracy estimates and could
have been excluded. Most studies on biomarkers, such as AFP, are
conducted with case-control design and indeed, almost 80% of the
included AFP studies were case-control studies. Interestingly, their
results were not diFerent from those obtained by cross-sectional
studies. Furthermore, we included many studies in which AFP
was not used as the index test but as the comparator to some
other biomarker, and this choice might arguably make publication
bias less probable. We identified seven studies through manual
searching of the references of the included studies or of previous
reviews, and we are confident that we have included most, if not
all, of the includable published studies. We applied no language
restrictions in the inclusion criteria, and we retrieved 20 full-text
studies published in non-English languages, of which we included
six studies.

Quality assessment and data extraction

We considered our attempts to reduce subjectivity in our judgments
and to minimise errors and miscalculations in data extraction as a
strength of this review. According to the protocol plan, two review
authors independently assessed the risk of bias of included studies
and applicability of their results, using QUADAS-2, and completed
the data extraction for each included study using a proper form. In
case of disagreement, we reached consensus through discussion.
Disagreement was more frequent for the assessment of two
QUADAS-2 domains: patient selection (19 studies) and reference
standard (15 studies). For data extraction, most of the discordances
were due to simple miscalculations or typos and easily solved.
For 27 studies a discussion was needed. The agreement obtained
through discussion by two review authors was further discussed
and approved by a third review author. Then the same authors
assessed the certainty of evidence using the GRADE approach and
the level of agreement was very high.

Limitations in the review analyses

Despite the large number of included studies and participants,
and the consequent precision of accuracy estimates, the results of
included studies were not consistent. The use of diFerent cut-oF
values and diFerent setting (surveillance programme compared to
clinical series) could explain heterogeneity only in part. Considering
only studies with the same AFP cut-oF values, the most frequent
cut-oF values of 20 ng/mL and 200 ng/mL allowed obtaining more
consistent estimates.

In studies with AFP with a cut-oF of 20 ng/mL only, we found
that study setting was another source of heterogeneity: studies
conducted in a surveillance programme compared to those
conducted in a clinical setting showed diFerent pooled estimates,
with a lower sensitivity and higher specificity in the former. We
expected that studies conducted in a surveillance programme
would obtain more consistent results: inclusion and exclusion

criteria were clear and standardised, such as the index test,
reference standard, and timing, whereas, in a clinical setting
more variability was expected as participants may have diFerent
concurrent disease, diFerent severity of the underlying chronic liver
disease, and diFerent stage of the detected HCC. Arguably, in a
surveillance programme the underlying liver disease is less severe,
and HCCs are smaller. Despite these considerations, we did not
plan a separate analysis for the two settings as they are not so
clearly distinct in the actual clinical practice (Poustchi 2011; Forner
2018). The two index tests, particularly US, are part of the routine
evaluation of people with liver disease; HCC, the target disease,
induces no symptom and is usually asymptomatic, thus the clinical
suspect of HCC is based only on the presence of a chronic advance
liver disease. On the other hand, we found no diFerence according
to the study settings in studies with AFP cut-oF value of 200 ng/mL,
or with US.

As 80% of hepatocellular carcinoma occurrences occur in sub-
Saharan Africa and eastern Asia, we expected that study
geographical location could be a source of heterogeneity (Bray
2018). The sensitivity was diFerent in studies conducted across
continents in studies with AFP cut-oF of 200 mg/mL. The severity
of the underlying liver disease, as expressed by the percentage
of participants with Child-Pugh class A, could also provide
explanation of the heterogeneity of results. The sensitivity was
lower in studies with AFP cut-oF of 200 ng/mL and including more
than 50% of patients with Chid-Pugh class A, i.e. participants with
less severe liver disease.

Despite the availability of an adequate number of studies, we were
unable to demonstrate any role of aetiology of the underlying
chronic liver disease and of the HCC characteristics (volume,
resectability). Most studies, conducted either in a surveillance
programme or in a clinical setting included inconsistent mixture
of participants at diFerent risk of HCC, as shown by the large
variability of the prevalence, and we were unable to show the role of
the individual characteristics of participants. We could investigate
only characteristics that could be assessed at a study level whereas
patients' factors or HCC characteristics can be assessed only by
aggregate statistics with the inherent risk of ecological bias. Thus,
some important relationship such as that with the HCC volume
could have been missed. In addition, many of the included studies
did not report data on the covariates of our interest. Also, we
could not evaluate variability associated to test interpretation,
particularly for US which is considered dependent on a subjective
judgment. We checked the presence of a definition of US positivity
criteria in single studies but not their stringency, apart from their
subjective interpretation. We were also unable to assess the eFect
of uninterpretable results which should be relevant for US due to
frequent technical failures. We found only two studies reporting
the number of uninterpretable results and could not conduct the
planned analysis according to the intention-to-diagnose principle.
Moreover, we cannot exclude that most of the studies did not report
uninterpretable results and excluded them from analyses, thus
inflating the accuracy estimates.

In any case, the sensitivity analyses show that the obtained results
are arguably robust, with no variation, aSer excluding studies
published in abstract form or studies with case-control design.
As we conducted the analyses of AFP studies using the two most
frequent cut-oF values of 20 ng/mL and 200 ng/mL, we considered
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unnecessary to conduct the planned analysis excluding studies
without a predefinition of a cut-oF value.

Within- and between-study comparisons

In order to assess any diFerence in the accuracy of the three
index tests (AFP, US, and the combination of AFP and US) ,we
planned and performed a direct (or within-study) comparison. ASer
the exclusion of the four studies that reported data for two or
three index tests obtained in diFerent numbers of participants
(Sherman 1995; RaF 2014; Atiq 2017; Yang 2019), we could do
a direct comparison with 11 primary studies with AFP and US,
and with six studieswith US, and a combination of AFP and US.
The US sensitivity was higher than that of AFP at a cut-oF of 20
ng/mL, with comparable specificity. Also, with the combination
of AFP (cut-oF 20 ng/mL) and US, the sensitivity increased, in
comparison to US alone, from 74% to 93% with comparable
specificity. These results were confirmed by the indirect (between-
study) comparisons which were possible in a greater number
of studies (146 with AFP and 39 with US). This between-study
comparison, including a greater number of studies, and hence with
more power to detect any diFerence and with more precise results,
has a high risk of confounding due to diFerences in population
characteristics, reference standards, and study design.

Comparison with previous research

We found seven reviews on the same topic (Colli 2006; Tateishi
2008; Singal 2009; Kansagara 2014; Singal 2014; Chou 2015;
Tzartzeva 2018). Two of these compared imaging techniques for
the diagnosis of HCC (Colli 2006; Chou 2015), one assessed only
AFP (Tateishi 2008), and four reviews focused mainly on the
eFectiveness of surveillance programmes with US and AFP (Singal
2009; Kansagara 2014; Singal 2014; Tzartzeva 2018). With our
search, we could include many more studies for each index test,
and diFerently from the other reviews, we explored the accuracy of
AFP, US, and the combination of AFP and US in the clinical pathway
as the first diagnostic step, either in clinical setting or surveillance
programme. Due to diFerences in the methodologic approach, in
the inclusion/exclusion criteria, and in the statistical analyses, the
results are not comparable to each other and to our results. Colli
2006 reports the results from 14 studies published before January
2005, and the summary estimate of US sensitivity was 60% and
specificity 97%. Both Chou 2015 and Tzartzeva 2018, pooling the
results of more recent 15 studies, found a US sensitivity higher than
75% and specificity higher than 90%, more similar to our findings.
According to Tzartzeva 2018, the accuracy of combining US and AFP
improves the diagnostic accuracy with a sensitivity of 97%, but for
the detection of early HCC it remains close to 60%.

Applicability of findings to the review question

The review question has broad inclusion criteria, and the
consequent large heterogeneity of the results allows exploration
of variation in accuracy across various settings, diFerent patient
groups or variations in index test, and reference standard
application. Using the QUADAS-2 tool, we judged many studies at
high concern for applicability in the participant selection domain.
In fact, most AFP studies (77%) were case-control studies with
an artefactual mixing of aFected and non-aFected participants.
However, even in cross-sectional studies, the prevalence of the
target disease ranged from 1% to 82%, as consequences of diFerent
settings and variable inclusion criteria oSen did not match the

review question. On the other hand, we judged all studies to
be at low concern for applicability in the index test domain. For
the reference standard domain, we judged the studies using as
reference standard the pathology of the explanted liver to be at high
concern. This reference standard, even if perfectly accurate, cannot
match the review question as it is applicable only to participants in
a waiting list for a liver transplantation.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Hepatocellular carcinoma (HCC) is a frequent complication of
chronic liver disease. The detection of a tumour amenable to
surgical resection, thermal ablation, or liver transplantation could
improve the prognosis which in the absence of indications to
radical treatment is severe. Being the fourth leading cause of death
from cancer worldwide, accurate tests are needed to diagnose
HCC, either in a surveillance programme or in a clinical setting.
In the clinical pathway for the diagnosis of HCC in people with
chronic liver disease, AFP and US are the first step investigations.
Both tests, in separate or in combination, can be considered
as triage tests. Ideally, they should ensure a low proportion
of false-negative results because people with undetected HCC
cannot receive proper treatment. False-positive results would have
less severe consequences as misclassified people would undergo
unnecessary further testing with CT, MRI, or rarely biopsy.

In surveillance programmes for HCC in high risk patients, the
pooled sensitivity of alpha-foetoprotein (AFP) measurement, with
a cut-oF value of 20 mg/mL, suggests that using this test alone,
a relevant number of HCC occurrences would be missed. The
estimated sensitivity of ultrasound (US) is higher, but again
more than a quarter of HCC occurrences would be missed. The
combination of the two tests, considered positive when at least
one is positive, reduces the false-negative ratio to around 5%,
sparing further testing in case of negative results. The cost of
the improvement of the sensitivity is an increased number of
false-positive results from 6% to 15%. Moreover, our findings
suggest that US sensitivity decreases for the diagnosis of potentially
resectable HCC.

In a clinical setting, where the pre-test probability of having an HCC
is expected to be higher than in surveillance programmes, both
US and AFP, with a cut-oF value of 20 ng/mL, have an estimated
specificity higher than 80%, AFP with a cut-oF value of 200 ng/
mL, allows confirmation of the diagnosis with a specificity even
around 99%. In any case, further testing is required for staging
the disease and planning appropriate treatment. However, the role
of these two tests is mainly as triage tests, but they individually
do not ensure an adequate sensitivity. In particular, AFP is higher
than 200 mg/mL only in 36% of patients with HCC. Therefore,
clinicians cannot avoid further testing in case of negative results. In
this context, the role of the combination of AFP and US cannot be
assessed as we found only one study with pathology of explanted
liver as reference standard.

Overall, caution is needed in interpreting our review results
as we found large heterogeneity which is not due to a few
outliers, and despite the investigation of multiple potential factors,
heterogeneity remains unexplained. Furthermore, all studies were
at high risk of bias, and most of them with high concern regarding
their applicability, mainly due to participant selection domain.
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Implications for research

As the evidence of the accuracy of AFP, US, and especially of the
combination of AFP and US is not conclusive, further studies are
needed. In order to obtain more consistent and applicable results;
these studies should assess the sensitivity and specificity of AFP
and US in people with chronic liver disease at a definite risk for
HCC, with a cross-sectional design, evaluating either participants
with positive or negative results of the index test with computed
tomography (CT) or magnetic resonance imaging (MRI) as the
reference standard. This reference standard, even if not absolutely
accurate, should be chosen as in the clinical pathway both AFP and
US tests play the role of a triage test, just before CT and MRI tests.
The time interval between the index test and the reference standard
should be clearly reported and should not exceed three months.
The number of uninterpretable results should be reported at least
for US due to their not negligible frequency. Moreover, no further
study with a case-control design can be expected to be informative.

To explore the possible role of these tests on patient relevant
outcomes, beyond their accuracy, studies with diFerent designs are
needed (Colli 2014). Only randomised clinical trials assessing the
overall mortality in diFerent surveillance programmes including
these tests in separate or in combination could properly answer this
question.
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C H A R A C T E R I S T I C S   O F   S T U D I E S

Characteristics of included studies [ordered by study ID]

 

Study characteristics

Patient Sampling A total of 86 participants with chronic liver disease were included;
68 with HCC and 18 without HCC (+ 20 healthy adults). Age range:
38-54. Males 85%

Patient characteristics and setting Patients with chronic liver disease at tertiary referral centre in
Egypt, selected on the presence of HCC

Index tests Serum alpha-foetoprotein was measured using Electrochemilus-
cence Immunoassay (Roche).

Target condition and reference standard(s) HCC occurrences were detected by US, CT, AFP and confirmed by
histology; controls: liver cirrhosis without evidence of HCC

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Abdel-Aziz 2016 
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Abdel-Aziz 2016  (Continued)

 
 

Study characteristics

Patient Sampling 30 participants with HCC on HCV liver cirrhosis and 10 participants
with chronic liver disease as control. Consecutuvely enrolled.
Quote: "Subjects with malignancies other than HCC, autoimmune
diseases, chronic liver diseases other than viral hepatitis, benign
liver tumours or secondary (metastatic) liver tumours and BCLC
stage C or D disease were excluded from the study."

Age range: 30-70. Males 85%

Patient characteristics and setting Patients with chronic liver disease at tertiary referral centre in
Egypt selected on the presence absence of HCC

Index tests AFP was assayed by electro-chemiluminescence on a Cobas e411
immunoassay autoanalyzer.

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on non-invasive imaging
techniques; either triphasic multidetector CT scan or dynamic
contrast-enhanced magnetic resonance imaging, according to
AASLD guidelines. For patients with hepatic nodules beyond 1 cm
in diameter, one imaging technique was required, while in those
patients with smaller lesions, both techniques were performed for
confirmation. Pathological diagnosis was performed for the typi-
cal HCC criteria.

Abdelghany 2018 
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Chronic liver disease: clinical evaluation, laboratory tests, and ab-
dominal ultrasound

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest, no funding.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Abdelghany 2018  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Abdelghany 2018  (Continued)

 
 

Study characteristics

Patient Sampling Group 1: 20 healthy volunteers, sex matched to other groups with the follow-
ing clinical conditions: apparently healthy, normal clinical examination, ab-
dominal ultrasonography, liver function tests, and seronegative for HCV mark-
ers.
Group II: 20 patients with HCC regardless the etiology with the following
clinical diagnosis: deterioration of health, right hypochondrial pain and he-
patomegaly with nodular surface, the abdominal ultrasonography showing
hepatic focal lesions (single or multiple) or heterogeneous areas in the liver.
Positive histopathological examination of liver biopsy or aspirate for malig-
nancy (only when the patient's clinical condition and prothrombin time and
concentration allowed the performance) and/or raised AFP above 400 ng/mL.

Group III: 20 patients with chronic HCV, matched in sex to group I with the fol-
lowing clinical conditions: fatigue, anorexia, with high aminotransferase val-
ues and hyperbilirubinaemia. They were not under interferon-α2+ribavirin (IF-
α2 +RV) treatment.

Group IV: 20 patients with chronic HCV, under IF-α2 (weekly subcutaneous sin-
gle dose, 160 ug/ampoule) plus RV (1200 mg/day, per os doses after meals di-
vided into 3 doses) for one year: this group of patients matches to group I in
gender, with the same diagnosis as group III

Age range: not reported. Males 82%

Patient characteristics and setting Patients with chronic liver disease at tertiary referral centre in Egypt selected
on the presence absence of HCC

Index tests The rest of plasma and serum were separated in aliquots and frozen at -70ºC
for measurement of DCP and AFP. Sandwich principle was employed to deter-
mine the AFP concentration via ELISA technique according to manufacturers'
instructions (Anogen, Canada)

Target condition and reference standard(s)  

Flow and timing No information on interval between index test and reference standard

Comparative  

Abdel-Hamid 2014 
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Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Unclear    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Abdel-Hamid 2014  (Continued)
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Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Abdel-Hamid 2014  (Continued)

 
 

Study characteristics

Patient Sampling 309 participants with chronic hepatitis C were prospectively and consecu-
tively enrolled in a tertiary university centre in Egypt.; 47 excluded accord-
ing to exclusion criteria (hepatitis B virus (HBV) and HIV, liver transplant,
patients who developed HCC in addition to HBV infection, patients with
nonalcoholic steatohepatitis and patients receiving certain medications
that may increase serotonin levels such as antidepressants or migraine
headache medications, patients with hyperlipidaemia, peripheral vascular
disease, hypertension, heart failure, and autoimmune diseases).

Age range: 29-70. Males 71%

Patient characteristics and setting Patients with chronic liver disease at tertiary referral centre in Egypt

Index tests Serum total AFP was assayed using the chemiluminescent immunometric
technique on an Immulite 2000 system (Siemens Medical Solutions Diag-
nostics, Los Angeles, California, USA).

The cut-oF value of 11.8 ng/mL was derived as the optimal cut-oF.

Target condition and reference standard(s) Hepatocellular carcinoma. Quote: "All studied patients were subjected to
a full assessment of history, clinical examination, abdominal ultrasonogra-
phy, and computed tomography scan to confirm and/or exclude the pres-
ence of small HCC. Liver cirrhosis was diagnosed by abnormal biochemical
changes, histological examination of liver biopsy, ultrasonography, or en-
doscopic results suggesting advanced liver disease with portal hyperten-
sion. The diagnosis of HCC was made on the basis of a clinical algorithm,
triphasic spiral computed tomography of the abdomen, dynamic contrast
enhanced MRI of the abdomen, and measurement of AFP."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Abdel-Razik 2016 
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Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Abdel-Razik 2016  (Continued)
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Study characteristics

Patient Sampling Quote: "In this prospective study, we recruited 96 patients from
Ain Shams University hospitals’ clinics and inpatient department,
then classified them into three groups; 1) Cirrhosis group: 40 pa-
tients with liver cirrhosis without HCC, 2) HCC group: 40 patients
with liver cirrhosis and HCC as diagnosed by triphasic CT, 3) Con-
trol group: 16 healthy volunteers, with matched age and gen-
der ..." 
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP: no specification

Target condition and reference standard(s) HCC as diagnosed by triphasic CT: control group: unclear

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Aboelfotoh 2018 
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Aboelfotoh 2018  (Continued)

 
 

Study characteristics

Patient Sampling This prospective case controlled hospital-based study recruiting three groups of in-
dividuals attending the Internal Medicine Department of Minia University Hospital
between February 2009 and January 2010. A series of patients with HCC with chron-
ic hepatitis C (CHC) was compared with two different groups: one consisted of pa-
tients with liver cirrhosis (LC) and the other one, the controls, included individuals
who were treated in our hospital for a wide spectrum of acute conditions, other than
liver diseases as the primary diagnosis of hospital admission. HCC group consisted
of 113 (97 [85.8%] patients were males and 16 [14.1%] patients were females) con-
secutive patients with HCC, 98 patient (86.7%) diagnosed by means of cytological
or histological examination of hepatic focal lesions, while the remaining 15 patients
(13.2%) were diagnosed by the appropriate imaging characteristics as defined by ac-
cepted guidelines. Liver Cirrhosis group comprised 120 patients (84 (70%) patients
were males, 36 (30%) patients were females) with HCV-related LC, by selecting from
250 cirrhotic patients of our department, matched according to age (± 5 years), gen-
der, Patients with LC were admitted to our hospital for diagnosis, staging or therapy
of LC. The presence of cirrhosis was defined by histology or non-histologically by ev-
idence of portal hypertension in the presence of chronic liver disease.Controls must
have an ultrasound, CT or MRI showing no evidence of hepatic mass within 6 months
prior to enrolment.

Patients with an elevated AFP (> 20 ng/mL) at enrolment were excluded.

Age range: 28-77. Males 78%

Patient characteristics and setting  

Abu El Makarem 2011 
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Index tests Plasma AFP levels were measured in a plasma sample by the chemiluminescence
method using Elecsys AFP kits (Roche Diagnostic GmbH, Mannheim, Germany) ac-
cording to the manufacturer’s instructions.

Target condition and reference standard(s) HCC diagnosed by means of cytological or histological examination of hepatic focal
lesions, while the remaining 15 patients (13.2%) were diagnosed by the appropriate
imaging characteristics as defined by accepted guidelines. Controls must have an ul-
trasound, CT or MRI showing no evidence of hepatic mass within 6 months prior to
enrolment.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted with-
out knowledge of the results of the refer-
ence standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the
review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Abu El Makarem 2011  (Continued)
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Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its conduct,
or its interpretation have introduced
bias?

  Low risk  

Are there concerns that the target condi-
tion as defined by the reference standard
does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  Unclear risk  

Abu El Makarem 2011  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples were obtained from sixty patients with chronic liv-
er disease, divided into two groups: Group (I) included 40 patients
with HCC. Patients with cancers other than HCC or metastatic liv-
er cancer were excluded. Group (II) included 20 patients with liver
cirrhosis and without any evidence of HCC, and Group (III) includ-
ed 20 healthy adults recruited as controls.
Age range: 48-89. Males 77.5%

Patient characteristics and setting  

Index tests Serum AFP and osteopontin levels were determined using an en-
zyme-linked binding protein assay kit. AFP was assayed by an en-
zyme immunoassay (EIA) Kit (Roche Mannheim, Germany).

Target condition and reference standard(s) HCC was diagnosed by abdominal US and confirmed by triphasic
CT scan. AFP was assayed by an enzyme immunoassay (EIA) Kit
(Roche Mannheim, Germany).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Ahmed Mohamed 2016 
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Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Ahmed Mohamed 2016  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ahmed Mohamed 2016  (Continued)

 
 

Study characteristics

Patient Sampling Between January 2005 and September 2012, we identified con-
secutive cases of newly diagnosed HCC at three university-affiliat-
ed hospitals (the Samsung Medical Center, Seoul St. Mary’s Hos-
pital, and Chung-Ang University Hospital) in Seoul, Republic of
Korea. For each HCC patient, we selected a cirrhosis control pa-
tient matched for age, sex, aetiology, and Child-Pugh classifica-
tion. Those with end-stage or significant medical comorbidities, in
which survival was predicted to be less than 1 year, were excluded.

Age range not reported. Males 72%

Patient characteristics and setting  

Index tests Serum alpha-foetoprotein

Target condition and reference standard(s) We established the diagnosis of HCC by histological examination;
the presence of cirrhosis was defined by histology or by evidence
of unequivocal clinical and laboratory evidence of cirrhosis, such
as ultrasound (US) and/or computed tomography (CT) findings in-
dicating cirrhosis (an irregular liver surface, splenomegaly, etc.)
and the detection of signs/symptoms consistent with decompen-
sated cirrhosis (jaundice, varices due to portal hypertension, as-
cites, or hepatic coma.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Ahn 2016 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ahn 2016  (Continued)

 
 

Study characteristics

Patient Sampling Patients who attended the Liver Clinic at Groote Schuur Hospital
(South Africa) over the 2-year period 1975 - 1976: 35 HCC; 8 chronic
hepatitis B; 12 chronic active hepatitis; 43 alcoholic cirrhosis
Age range and % of males not reported

Patient characteristics and setting  

Alexander 1978 
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Index tests AFP was measured by radio-immunoassay as described by Purves
and Purves; the assay is sensitive in the nanogram range and the
upper limit of normal is 30 ng/mL.

Target condition and reference standard(s) The clinical diagnosis of hepatoma was always supported by arte-
riography, liver scanning and histological examination. Alcoholic
cirrhosis was diagnosed if the history indicated prolonged alco-
hol abuse, and if clinical evidence of cirrhosis and portal hyperten-
sion was found on examination. Histological confirmation was ob-
tained when the prothrombin index and platelet count permitted
biopsy. The 'diagnosis of chronic active hepatitis was confirmed
histologically in every case.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Alexander 1978  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Alexander 1978  (Continued)

 
 

Study characteristics

Patient Sampling This study is a case–control, hospital-based study. 120 patients
with chronic HCV related liver diseases were included and 60 ap-
parently healthy participants. Group II composed of 60 patients
with post HCV liver cirrhosis (LC) diagnosed by clinical, biochemi-
cal, and abdominal ultrasonographic findings. Group III composed
of 60 patients with HCV-associated HCC on top of LC.
Age range: 45-81. Males 68%

Patient characteristics and setting  

Index tests Serum AFP without other specification; no predefined cut-oF val-
ue

Target condition and reference standard(s) HCC was defined on the basis of ultrasound, computed tomogra-
phy (CT) or magnetic resonance imaging characteristics, serology
(AFP), and liver function tests.
No definition for controls

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors report no conflicts of interest in this work.

Methodological quality

Ali 2019 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Ali 2019  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ali 2019  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study was carried out from 02/2000 till 12/2002
at the department of Internal Medicine, Liquat Univeristy Hospi-
tal Jamshoro, Sindh. Among 200 persons studies, 100 were diag-
nosed with HCC.
Age range: 20-65. Males % not reported

Patient characteristics and setting  

Index tests AFP was analysed by enzyme immunoassay-based kit. Cut-oF val-
ue was prespecified at 8.6 ng/mL.

Target condition and reference standard(s) HCC: patients presented with liver mass or other symptoms
were directed to liver pathology and later diagnosed/confirmed
histopathologically as HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Almani 2004 
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Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Almani 2004  (Continued)
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Study characteristics

Patient Sampling Sera were obtained from 124 patients (from USA, Uganda and Tai-
wan), with histologically proven HCC. Control sera were obtained
from 337 other patients with various liver diseases. Age range and
% of males not reported.

Patient characteristics and setting  

Index tests Sera were tested by Ouchterlony double immunoelectrophoresis
in agar gel and by quantitative radial immunodiffusion modified
to increase sensitivity. Counterimmunoelctrophoresis was adopt-
ed from a previously published method.

Target condition and reference standard(s) HCC histologically proven; reference standard for control, with
other liver diseases, unspecified

Flow and timing No information on interval between index test and reference stan-
dard: 124 patients with HCC included, analysed 117

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

Alpert 1971 
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Alpert 1971  (Continued)

 
 

Study characteristics

Patient Sampling Eighty-seven people were enrolled into the study. Twenty-two
healthy people as a control group (n = 22), 22 patients in the cir-
rhosis group and finally 43 patients in the HCC group. The diagno-
sis of cirrhosis was based on clinical, laboratory, and ultrasonog-
raphy findings (Schuppan and Afdhal, 2008). HCC was diagnosed
according to the EASL guideline (European Association for the
Study of the et al.). Exclusion criteria were sepsis, GIT bleeding,
concurrent medical disease such as long standing diabetes melli-
tus, chest or cardiac disease.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP no specification

Target condition and reference standard(s) HCC CT and EASL criteria; controls ultrasound

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest or funding

Alsebaey 2016 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

93



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? No    

Alsebaey 2016  (Continued)
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Could the patient flow have introduced bias?   High risk  

Alsebaey 2016  (Continued)

 
 

Study characteristics

Patient Sampling This study included three groups: the hepatocellular carcinoma
group (HCC group) contained 26 patients who were diagnosed
with HCC for the first time. The diagnosis of HCC was based on typ-
ical imaging patterns and/or histological examinations conduct-
ed according to EASL–EORTC Clinical Practice Guidelines (12). The
chronic liver disease group (CLD group) contained 27 patients who
were diagnosed in the same hospitals during the same period as
the HCC group.

Age range not reported. Males 77%

Patient characteristics and setting  

Index tests All samples were collected between March 2014 and February
2015 at Al Assad University Hospital and Al Mouwasat Universi-
ty Hospital. Serum AFP levels were routinely evaluated in all pa-
tients. This finding was in agreement with the results of Kim in
2006, who found that some HCC patients had AFP levels under 400
ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was based on typical imaging patterns and/
or histological examinations conducted according to EASL–EORTC
Clinical Practice Guidelines (12). The chronic liver disease group
(CLD group) contained 27 patients who were diagnosed in the
same hospitals during the same period as the HCC group.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Al-Zoubi 2017 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Al-Zoubi 2017  (Continued)

 
 

Study characteristics

Patient Sampling 52 patients (43 males and 9 females) with hepatocellular carcino-
ma and 42 (30 males and 12 females) with liver cirrhosis were in-
vestigated in this study. 
Age range not reported

Patient characteristics and setting  

Amuro 1988 
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Index tests Alpha-fetoprotein in serum was determined by a commercially
available radioimmunoassay kit (alpha-Feto RIA BEAD, Dinabott,
Tokyo, Japan).

Target condition and reference standard(s) Diagnosis of the diseases was made on the basis of the usual clin-
ical, laboratory, and radiological findings and was confirmed by
histological examination of the specimens obtained by liver biop-
sy, liver resection, or autopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Amuro 1988  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Amuro 1988  (Continued)

 
 

Study characteristics

Patient Sampling We obtained 212 files of patients with the diagnosis of HCC and
202 of patients with LC; from which 193 and 74 patients were in-
cluded, respectively. The main causes of exclusion were: incom-
plete files, lack of AFP determinations, and an ambiguous diagno-
sis. 
Age range not reported. Males 66%

Patient characteristics and setting  

Index tests AFP without any specification

Target condition and reference standard(s) HCC histology
Controls: US, or CT, or RM

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Arrieta 2007 
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Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Arrieta 2007  (Continued)

 
 

Study characteristics

Patient Sampling The study population included 164 people with cirrhosis, referred
to the Department of Turin from January 1981 to July 1986. The

Arrigoni 1988 
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patients were prospectively followed as out patients for at least 12
months. 
Age range: 36-79. Males 66%

Patient characteristics and setting  

Index tests AFP with commercial Kit (alpha fetoprotein Riabead, Dainabot Co.
Ltd Tokyo Japan)

Target condition and reference standard(s) HCC histology; chronic liver disease: US, AFP, CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Arrigoni 1988  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Arrigoni 1988  (Continued)

 
 

Study characteristics

Patient Sampling We manually abstracted information on patient demographics,
clinical history, laboratory data, and imaging results from the
EMR. Dates of all HCC surveillance tests between July 2010 and Ju-
ly 2013 were abstracted. HCC surveillance at Parkland is typically
performed using ultrasound, with or without AFP, per the AASLD
guidelines with low use of surveillance CT or MRI. A total of 680 pa-
tients with cirrhosis met inclusion
criteria. 
Age range not reported. Males 64%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20 ng/mL; US: We recorded whether ul-
trasounds were normal (no suspicious masses), positive (suspi-
cious liver mass 1 cm), or indeterminate (mass < 1 cm or unclear if
mass is present, e.g. coarse echo texture).

Abdominal US: no information on the test and positivity criteria

Target condition and reference standard(s) HCC: US, CT, RM histology in patients with AFP > 20

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflicts of interest: Dr. Singal consults, advises, and is on the
speakers’ bureau for Bayer. He is on the speakers’ bureau and re-
ceived grants
from Gilead. He advises Wako Diagnostics. Dr. Kono advises Wako
Diagnostics. Dr. Yopp is on the speakers’ bureau for Bayer. He re-
ceived grants
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from Peregrine, Merck, and Novartis

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Atiq 2017  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Atiq 2017  (Continued)

 
 

Study characteristics

Patient Sampling All patients diagnosed with HCC (mean age ± SD, 58 ±10.5 years;
male:female ratio, 3.4:1) at TropicalMedicine Unit,Mansoura Universi-
ty hospitals, Mansoura, Egypt between March 2008 to December 2010
were considered eligible for this study.The second group included 100
patients with cirrhosis (mean age ± SD, 50 ± 11.6 years; male:female
ratio, 2.8:1). During a 3-year period (2008–2010), 150 consecutive HCC
patients and 100 LC patients and 50 healthy individuals were enrolled
in the study. Patients with rheumatoid arthritis, hepatitis B viral infec-
tion, alcohol abuse, autoimmune liver diseases and metabolic disor-
ders, or other malignancies were not included. 
Age range not reported. Males 75%

Patient characteristics and setting  

Index tests AFP level was performed by chemiluminescence, with Immulite AFP
(1000) kit (Diagnostic Products Corporation; Los Angeles, CA, USA).

Target condition and reference standard(s) The diagnosis of HCC was based on AFP levels N200 ng/mL, the pres-
ence of hepatic focal lesion (s) detected by liver ultrasound and con-
firmed by computed tomography and/or magnetic resonance as imag-
ing techniques. The final diagnosis was confirmed by histopathologi-
cal analysis on ultrasound assisted fine-needle biopsy, when indicat-
ed. All the studied participants underwent thorough clinical examina-
tion and ultrasonography of the abdomen.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality
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Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Attallah 2011  (Continued)
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Study characteristics

Patient Sampling The estimation population consisted of patients from the Tropical Medi-
cine Unit (Mansoura University Hospitals, Mansoura, Egypt). In this retro-
spective study, all patients had chronic hepatitis C. Participants were di-
vided into two main groups: group I – HCC which included 227 cirrhotic
patients with proved HCC. The non-malignant chronic liver disease (CLD)
group included 1124 patients with chronic hepatitis (836 males, 288 fe-
males). Patients with the following conditions were excluded from the
study: presence of other causes of liver diseases, hepatitis B virus (HBV) in-
fection, or other suspected malignancies. 
Age range not reported. Males 77%

Patient characteristics and setting  

Index tests AFP level was performed by chemiluminescence, with IMMULITE AFP
(1000) kit (Diagnostic Products Corporation, Los Angeles, CA, USA).

Target condition and reference standard(s) The diagnosis of HCC in those patients was carried out according to the
American Association for the Study of Liver Diseases (AASLD) Practice
Guidelines (Bruix and Sherman, 2005). The diagnosis of HCC was based
on AFP levels X400Ul1, presence of hepatic focal lesion (s) detected by liv-
er ultrasound (US), and confirmed by computed tomography (CT) and/or
magnetic resonance imaging (MRI) techniques. The final diagnosis was
confirmed by histopathologic analysis on US-assisted fine-needle biopsy,
when indicated. Diagnosis of CLD in this group was based on the standard
clinical, biochemical, and ultrasonographic criteria, as well as the patho-
logical data.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Attallah 2013  (Continued)

 
 

Study characteristics

Patient Sampling 659 consecutive patients (318 patients with HCC and 341 with liver
cirrhosis), admitted to the Tropical Medicine Unit (Mansoura Uni-
versity Hospitals, Mansoura, Egypt), were enrolled in this study. 
Age range and % of males not reported

Patient characteristics and setting  

Attallah 2017 
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Index tests The AFP level was determined by chemiluminescence with an IM-
MULITE AFP (1000) kit (Diagnostic Products Corporation, Los An-
geles, CA, USA

Target condition and reference standard(s) All of the HCC patients had chronic hepatitis C or liver cirrhosis
as the underlying liver disease. The diagnosis of HCC in those pa-
tients was made according to the American Association for the
Study of Liver Diseases (AASLD) practice guidelines. The tumours
were detected by abdominal ultrasound (US) studies and/or AFP
assays (> 400 U/L). Each focal lesion detected was further eval-
uated by multiphase spiral computed tomography (CT) or con-
trast-enhanced magnetic resonance imaging (MRI).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Attallah 2017  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Attallah 2017  (Continued)

 
 

Study characteristics

Patient Sampling A total of 182 patients, 110 patients with HCC and 72 patients with
liver cirrhosis were included. 
Age range not reported. Males 60%

Patient characteristics and setting 82 patients classified into 72 patients with liver cirrhosis, 44 male
and 28 female had mean age ± SD (standard division); 52.5±7.1
years and 110 patients with HCC, 82 males and 28 females with
age 54.6 ± 10.5 years.

Index tests Serum AFP was measured using Immulite AFP-1000 ELISA kit (Di-
agnostic Products Corporation, Los Angeles, CA, USA). GPC3 was
determined by human GPC3 ELISA kit (Wuhan EIAab Science Co.,
Ltd., Hubei, China).

Target condition and reference standard(s) Diagnosis of HCC patients were initially diagnosed by image stud-
ies were included US, CT, or magnetic resonance (MRI).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Attallah 2018 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

108



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Attallah 2018  (Continued)
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Study characteristics

Patient Sampling 121 patients with liver fibrosis (fibrosis stages F1-F3)
133 patients with liver cirrhosis (F4) and 148 patients with HCC

Age range and % of males not reported

Patient characteristics and setting  

Index tests Alpha-foetoprotein (AFP) was measured by chemiluminescence
(Immulite 1000, Diagnostic Products Corporation. Cut-oF value
400 ng/mL

Target condition and reference standard(s) HCC was diagnosed on the basis of liver histological findings or
typical imaging characteristics by ultrasound and computed to-
mography. No definition for controls

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that there was no conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Attallah 2020  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples from 119 patients were collected from the Hepa-
tology Division at the Department Internal Medicine, Cipto Man-
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gunkusumo Hospital, Indonesia. Sera were frozen immediately and
stored at −80 °C before use. The group of patients with HCC includ-
ed 65 patients. The control group of CLD patients comprised 54 pa-
tients.

Patients displayed CLD related to either hepatitis B virus infection
or hepatitis C virus infection (55.6%). 
Age range: 23-81. Males 76%

Patient characteristics and setting  

Index tests The qualitative measurement of serum AFP was performed using
enzyme immunoassay method (Diagnostic System Laboratories,
Webster, TX).

Target condition and reference standard(s) Diagnosis of HCC relied on the presence of a malignant liver nodule,
as established on imaging techniques and by pathological analy-
sis of liver biopsies. In total, there were 65 serum samples from pa-
tients with primary HCC at different clinical stages and with various
AFP concentration (AFP≤ 200, n = 37 and AFPN200, n = 28). The con-
trol group consisted of 54 serum samples from patients with CLD
only. CLD patients were defined as persons positive for hepatitis B
surface antigen (HBsAg) or positive anti-HCV test for more than 6
months.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest. This work was supported by MRIN Funding
(Budget no. cc042/2007).

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Bachtiar 2009  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Bachtiar 2009  (Continued)

 
 

Study characteristics

Patient Sampling During the period from June 2012 to June 2013, we selected 60 pa-
tients from the tropical, and internal medicine departments, as
well as the oncology centre, of the University hospital and Faculty
of medicine, Menoufiya University, Egypt. Thirty of these patients
were diagnosed with HCC. The remaining 30 patients had HCV liv-
er cirrhosis.

Patient characteristics and setting  

Index tests Serum AFP levels were measured by ELISA (MONBIND, Inc. Costa
Mesa, CA92627 USA).

Target condition and reference standard(s) HCC was diagnosed according to history, clinical examination,
classic radiological investigations [abdominal ultrasonography
(US) and/or triphasic computed tomography], serum AFP levels
above 200 ng/mL, and/or histopathological examination of tis-
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sue biopsy when available. All HCC patients were newly diagnosed
cases and did not receive prior chemotherapy. Liver cirrhosis was
diagnosed by history, clinical features of cirrhosis, abdominal US
features, laboratory investigations and/or liver biopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Declared no conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Badr 2014  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Badr 2014  (Continued)

 
 

Study characteristics

Patient Sampling Study conducted in an University hospital in Korea, enrolled 327
participants 237 HCC, 100 with liver cirrhosis. 
Age range not reported. Males 69%

Patient characteristics and setting  

Index tests AFP radioimmunoassay method, cut-oF value 20 ng/mL

Target condition and reference standard(s) HCC: US, CT, MR, angiography, histology; controls: follow-up 12
months

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest and funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

Baek 2009 
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Baek 2009  (Continued)

 
 

Study characteristics

Patient Sampling 14 participants with HCC, 110 patients with alcoholic liver disease.
Age range 34-93. Males 74%

Patient characteristics and setting  

Index tests Serum AFP measurement by radioimmunoassay; cut-oF value pre-
defined 20 ng/mL

Bell 1982 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

116



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Target condition and reference standard(s) HCC histology (surgical specimen or autopsy); alcoholic liver dis-
ease clinical follow-up

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funded by Norvegian Cancer Society and National Institute for Al-
cohol Research. No conflicts of interest reported

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Bell 1982  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Bell 1982  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples from 160 patients with different liver diseases and
from 50 healthy blood donors were analysed. The first subgroup
included 60 patients with HCC. The second subgroup included 50
patients with cirrhosis. 
Age range not reported. Males 64%

Patient characteristics and setting  

Index tests Serum AFP levels were determined in parallel in each sample us-
ing Beckman Coulter Access reagents for AFP on an Access® I ana-
lyzer (Beckman Coulter, CA,®USA).

Target condition and reference standard(s) The diagnosis of HCC was based on the presence of a focal liver le-
sion > 2 cm detected by ultrasonography and confirmed by com-
puted tomography or magnetic resonance imaging. All patients of
the control group underwent regular liver ultrasound screening to
exclude the occurrence of liver nodules.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funded by 1XEPTAGEN S.p.A., Pozzuoli (Naples Italy). Four authors
are employers of this company.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Beneduce 2004 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

118



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Beneduce 2004  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples from 31 patients with cirrhosis, 33 untreated HCC
and 30 healthy controls were studied. 

Beneduce 2008 
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Age range not reported. Males 75%

Patient characteristics and setting  

Index tests Serum AFP levels were determined using AFP ELISA kit (DRG Diag-
nostics)

Target condition and reference standard(s) HCC was diagnosed by ultrasound, computed tomography and/or
magnetic resonance and confirmed by histopathology, when indi-
cated.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Some authors are employed by XEPTAGEN SpA, Marghera Venezia,
Italy (L. Beneduce, G. Pesce, A. Gallotta, F. Zampieri, G. Fassina).

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Beneduce 2008  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Beneduce 2008  (Continued)

 
 

Study characteristics

Patient Sampling Quote: "Between December 1991 and December 2000, 455 patients under-
went liver transplantation for cirrhosis at our hospital. We retrospective-
ly reviewed the radiology database. A total of 200 patients were included
in our study population. Patients with a lesion that had been detected on
previous imaging or those treated with chemoembolisation for a known
tumour before undergoing sonography were excluded."
Age range: 23-70. Males 67%

Patient characteristics and setting  

Index tests All sonograms were obtained on one of three types of sonography units.
XP128 or Aspen (Acuson, Mountain View, CA) or AI 5200S (Acoustic Imag-
ing, Tempe, AZ) scanners using 2.5-, 3.5-, or 4-MHz transducers. Exami-
nations were performed by experienced technologists. All focal solid le-
sions were interpreted as potential hepatocellular carcinomas and were
described with respect to size, location, and echotexture. Focal areas of
heterogeneity were not considered positive findings. Lesions described, as
simple cysts were not included in the analysis.

Target condition and reference standard(s) Explanted livers were serially sectioned into 5 mm to 8 mm sections. He-
patocellular carcinomas and dysplastic nodules were identified grossly as
distinct from surrounding nodules in terms of size, texture, colour, and de-
gree of bulging beyond the cut surface of the liver. Nodules were classified
using the International Working Party’s terminology of nodular hepatocel-
lular lesions.

Bennett 2002 
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Flow and timing Quote: "We retrospectively reviewed the radiology database to determine
which patients had been evaluated with sonography within 90 days before
transplantation."

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Bennett 2002  (Continued)
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Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Bennett 2002  (Continued)

 
 

Study characteristics

Patient Sampling 60 Egyptian patients with HCV-related liver cirrhosis (LC) were se-
lected from those admitted to the Internal Medicine and Tropical
Medicine Departments in Tanta University Hospital; among them,
30 patients with HCC and 30 patients without HCC.
Age range not reported. Males 70%

Patient characteristics and setting  

Index tests The second part of the blood sample was drawn into ethylenedi-
aminetetraacetic acid (EDTA) tubes and plasma was obtained by
centrifuging the blood sample for 15 minutes at room temperature
at 1000 g within 30 minutes after collection, aliquoted, and stored
at 80° C until measurements of osteopontin (OPN) and AFP levels.
Plasma AFP levels were measured using a commercially available
enzyme immunometric assay kit (CanAg AFP EIA kit, Fujirebio Diag-
nostics AB, Majnabbeterminalen,Goteborg, Sweden), according to
the manufacturer’s instructions.

Target condition and reference standard(s) The diagnosis of HCC was based on typical imaging studies and/or
histopathology according to American Association for the Study of
Liver Diseases (AASLD) practice guidelines. The diagnosis of Liver
Cirrhosis was established on the basis of clinical, laboratory, imag-
ing (ultrasonography and computed tomography), and histological
examinations.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

Bessa 2010 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Bessa 2010  (Continued)
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Study characteristics

Patient Sampling In this monocentric study, 285 HCC patients and 402 controls were
enrolled from February 2007 to November 2008, and from Ju-
ly 2010 to February 2012 at the University Hospital Essen in Ger-
many. Age range not reported. Males 60%

Patient characteristics and setting  

Index tests AFP, AFP-L3, and DCP were measured in the same serum sam-
ple using the µTASWakoTM i30 fully automated immunoanalyser
(Wako Chemicals GmbH, Neuss, Germany.

Target condition and reference standard(s) HCC was diagnosed according to the EASL guidelines via histology
or by 2 different imaging modalities. The Barcelona Clinic Liver
Cancer (BCLC) staging system was used for determination of dis-
ease stage. Patients with viral hepatitis, nonalcoholic steatohep-
atitis (NASH), autoimmune hepatitis (AIH), liver cirrhosis, and oth-
er chronic liver diseases served as the control group. Liver cirrho-
sis was diagnosed by histology or typical findings such as portal
hypertension in known chronic liver diseases.

Flow and timing Of 697 patients enrolled, 10 were excluded from analysis because
of warfarin medication. No information on interval between index
test and reference standard

Comparative  

Notes JB received travel grant from WAKO Chemicals GmbH, Neuss, Ger-
many.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Best 2016 
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Best 2016  (Continued)

 
 

Study characteristics

Patient Sampling Three hundred fiSy-six patients with NASH were enrolled in the
German multicentre case-control study, including 125 with HCC
and 231
without HCC.
Age range: 44-75. Males 57%

Patient characteristics and setting  

Index tests Serum AFP, no specification; cut-oF 10 ng/mL

Target condition and reference standard(s) HCC was diagnosed according to the European Association for the
Study of the Liver (EASL) guidelines via histology or by 2 different
imaging modalities (dynamic contrast computed tomography or
magnetic resonance imaging of the liver). No specification for con-
trols

Best 2020 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

126



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors disclosed no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Best 2020  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Best 2020  (Continued)

 
 

Study characteristics

Patient Sampling "Between January 2000 and February 2009, we recruited 80 patients newly
diagnosed with HCC in the outpatients’ clinic of our centre during a regu-
lar semiannual surveillance program based on US and AFP measurement.
Between January 2000 and February 2009, we recruited 80 patients new-
ly diagnosed with HCC in the outpatients’ clinic of our centres during a
regular semiannual surveillance program based on US and AFP measure-
ment. HCC patients (HCC cases) were matched at a 1:2 ratio for the train-
ing group and 1:3 for the validation group to simultaneously surveyed pa-
tients who remained cancer-free for at least 18 months after enrolment.
Matching variables were gender, age (within a 5-year interval), aetiology
of cirrhosis.To avoid interference with AFP levels, patients who began or
stopped antiviral therapy during the 18 months preceding the HCC occur-
rence or the enrolment (controls) were excluded."
Age range: 33-90. Males 67%

Patient characteristics and setting  

Index tests AFP serum levels were measured using a commercially available Im-
munoassay (COBAS ROCHE Diagnostics GmbH, Milan, Italy).

Biselli 2015 
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Target condition and reference standard(s) Patients with a negative US, but an AFP with a value > 10 ng mL and dou-
bled compared with the previous one, underwent computed tomography.
The HCC diagnosis was based on histology in 12 out of 80 (15%) patients
in the training group and in 7 out of 36 (19.4%) patients in the validation
group. In the remaining patients, it was based on recommended non-inva-
sive criteria. HCC was staged by CT or MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No conflicts of interest reported

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Biselli 2015  (Continued)
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Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Biselli 2015  (Continued)

 
 

Study characteristics

Patient Sampling Between March 1989 and November 1991, a cohort of patients with
liver cirrhosis and without HCC.

Exclusion criteria were: (1) Child-Pugh C class 16 in patients old-
er than 60 years; (2) a previous diagnosis of focal liver lesion at US;
and (3) a serum AFP level > 200 ng/dL. Patients were withdrawn
from further surveillance when they were > 60 years old and be-
longed to Child-Pugh C class, developed other neoplasms, or un-
derwent orthotopic liver transplantation. 
Age range not reported. Males 62%

Patient characteristics and setting  

Index tests Cut-oF value 20 ng/mL

Target condition and reference standard(s) Serum AFP determinations and abdominal US, together with physi-
cal examination and routine biochemical tests, were repeated every
six months. The diagnostic protocol for detection of a nodular liv-
er lesion at US was based on contrast enhanced computed tomog-
raphy (CT) and echo guided biopsy (when feasible, according to lo-
cation of the nodule and bleeding risk). When a negative result was
obtained after CT and echo guided biopsy, a strict follow up proce-
dure was followed (three month intervals) and the nodule was re-
biopsied when an increase in size was detected at US.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes This research was supported by grants of MURST (Italian Ministry
for Technological and Scientifi Research). No information on con-
flicts of interest
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Bolondi 2001  (Continued)
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Could the patient flow have introduced bias?   High risk  

Bolondi 2001  (Continued)

 
 

Study characteristics

Patient Sampling 37 participants with HCC on liver cirrhosis; controls: 23 partici-
pants with liver cirrhosis without HCC.
Age range: 33-81. Males 70%

Patient characteristics and setting  

Index tests AFP method: chemiluminescence on automatic device ACS180
(Chiron Diagnostics)

Target condition and reference standard(s) HCC histology; controls: unspecified

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest and funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Bon 1998 
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Bon 1998  (Continued)

 
 

Study characteristics

Patient Sampling 39 participants with HCC and 16 controls (15 with cirrhosis 1
chronic active hepatitis)
Age range: 43-80. Males 78%

Patient characteristics and setting  

Index tests Serum AFP measurement by immunoturbidimetric method. Cut-
oF value 20 ng/mL

Target condition and reference standard(s) HCC histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funding and conflicts of interest not reported

Methodological quality

Brunello 1993 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Brunello 1993  (Continued)
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Study characteristics

Patient Sampling A retrospective study of 217 patients admitted to hospital (Paris
France) with liver cirrhosis
Age range: 16-85. Males 63%

Patient characteristics and setting  

Index tests AFP measurement with a cut-oF level 250 mcg/mL; US: any focal
lesion or diffuse heterogeneity with venous distortion; AFP > 250 +
US

Target condition and reference standard(s) HCC: histology, CT arteriography or AFP > 250 ng/mL, or clinical
follow-up (undefined interval)

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Bu0et 1988 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Bu0et 1988  (Continued)

 
 

Study characteristics

Patient Sampling The study included 143 patients with HCC in the setting of cirrho-
sis, 61 liver disease controls. 

Cabrera 2012 
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Age range not reported. Males 76%

Patient characteristics and setting  

Index tests AFP measurement in serum. No prespecified cut-oF value

Target condition and reference standard(s) HCC was diagnosed according to the non-invasive radiological cri-
teria per the American Association for the Study of the Liver Dis-
eases (AASLD) practice guidelines (2008). All controls were evalu-
ated for stage of fibrosis with a liver biopsy and serum collection
was performed on the same day as the biopsy. The patients with
confirmed HCV-related cirrhosis were enrolled into the surveil-
lance program, received serial cross-sectional imaging every six
months, and had no liver masses on enrolment and 12 months af-
ter enrolment.

Flow and timing AFP was measured in 46 of the 61 disease control patients. No in-
formation on interval between index test and reference standard

Comparative  

Notes This study was supported by the NIH KL2 University of Florida
Clinical Translational Science Scholar Award, NIH/NCRR award
UL1RR029890 and NIH/NCI award K24CA139570.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Cabrera 2012  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Cabrera 2012  (Continued)

 
 

Study characteristics

Patient Sampling Blood samples were obtained from 34 patients with HCC, 20 pa-
tients with hepatitis plus liver cirrhosis. 
Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP measurement in serum. No prespecified cut-oF value

Target condition and reference standard(s) HCC was diagnosed histologically when a liver biopsy specimen
was available or from clinical information following the guidelines
of the European Association for the Study of the Liver (EASL). Sera
from patients who were diagnosed with nonmalignant liver dis-
ease (hepatitis with liver cirrhosis) at the time of serum collection
were only included in this study if there was no indication of ma-
lignant disease 6 months after such collection.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The author, M.C, was supported by a fellowship from the Cancer
Research Society of Canada.
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Capurro 2003  (Continued)
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Could the patient flow have introduced bias?   High risk  

Capurro 2003  (Continued)

 
 

Study characteristics

Patient Sampling This single-centre cross-sectional study included 98 prospec-
tively enrolled outpatients (68 men, 30 women; mean age, 62.2
± 14.1years) with chronic liver disease (CLD) or cirrhosis that un-
derwent US screening for hepatic nodular lesions. All the patients
were screened for HCC every 6 or 12 months with abdominal US
according to presence or absence of cirrhosis, respectively.

Age range not reported. Males 69%

Patient characteristics and setting  

Index tests Sera were stored at –80°C and subsequently analysed for the con-
centration of AFP, AFP-L3, and des-γ-carboxy prothrombin (DCP)
using an automated immunoassay system assay on the μTASWako
i30 immuno-analyser (Wako Chemicals, Neuss, Germany).

Target condition and reference standard(s) Final diagnosis of HCC was established by four-phase multidetec-
tor CT or dynamic contrast-enhanced MRI showing arterial hyper-
vascularity and washout in the venous/late phase.3 The degree of
liver disease was classified according to clinical, serological and
histological criteria where appropriate. Liver cirrhosis was diag-
nosed by liver biopsy or by laboratory data and imaging findings
(abdominal US and transient elastography).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Unclear    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

Caviglia 2016 
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Caviglia 2016  (Continued)

 
 

Study characteristics

Patient Sampling From a cohort of patients HBsAg positive with cirrhosis33 patients
with HCC and 30 patients with cirrhosis HbSaG pos were enrolled
between December 2012 and June 2015 exclusion criteria: anti
HCV positivity, anti HIV positivity, alcohol intake > 40 g/day, con-
comitant other liver disease; unavailability of at least two serum
samples.
Age range: 50-64. Males 76%

Patient characteristics and setting  

Caviglia 2017 
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Index tests Serum AFP measurement by CLEIA system. No predefined cut-oF
value

Target condition and reference standard(s) CT for HCC; US for cirrhosis

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflicts of interest; funded by a grant from
the local university

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Caviglia 2017  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Caviglia 2017  (Continued)

 
 

Study characteristics

Patient Sampling A cohort of 350 consecutive participants with viral chronic liver
disease undergoing liver biopsy in an university in Italy. Patients
with other aetiologies than viral were excluded.
Age range not reported. Males 58.5%

Patient characteristics and setting  

Index tests AFP measurement: radioimmunoassay Abbot USA; cut-oF value >
20 ng/mL

Target condition and reference standard(s) US if positive for focal lesion, biopsy, and histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Cedrone 2000 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cedrone 2000  (Continued)

 
 

Study characteristics

Patient Sampling Patients with cirrhosis who were evaluated for liver transplanta-
tion from January l 1994 – December 31, 1997. All patients evalu-
ated for liver transplantation underwent initial screening consist-
ing of AFP, liver ultrasound, and abdominal CT. Any focal lesions
detected on ultrasound or abnormal AFP values ( > 20 ng/mL) dur-

Chalasani 1999 
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ing the extended screening were followed up with an abdominal
CT scan.
Age range: 39-59. Males 56%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20ng/mL; ultrasound: any focal liver le-
sion

Target condition and reference standard(s) HCC; biopsy, CT, follow-up

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Data on conflicts of interest not provided

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Chalasani 1999  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chalasani 1999  (Continued)

 
 

Study characteristics

Patient Sampling This was a retrospective-prospective cohort study of consecutive
entecavir-treated patients in the out-patient clinic. All patients re-
ceived entecavir 0,5 mg daily for at least 12 months. Regular HCC
surveillance was performed with AFP and US. All HCC cases diag-
nosed after at least 12 months of entecavir therapy were includ-
ed. AFP at -12, -9, -6, -3 and 0 (time of HCC diagnosis) from HCC
cases and at corresponding time points from non-HCC cases were
analysed.
Age range not reported. Males 78%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 6 ng/mL

Target condition and reference standard(s) No definition or explanation of reference standard

Flow and timing No information about reference standard nor about the interval
between index test and reference standard

Comparative  
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Notes Conflicts of interest:

Henry Lik-Yuen Chan – Advisory Committees or Review Panels:
Gilead, Vertex, Bristol-Myers Squibb, Abbott, Novartis Pharmaceu-
ticals, Roche, MSD

Grace LH Wong – Advisory Committees or Review Panels: Otsuka:
Roche Pharmaceuticals, Gilead, Abbott; Speaking and Teaching:
Bristol-Myers Squibb, Novartis Pharmaceuticals, Echosens

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Chan 2013  (Continued)

 
 

Study characteristics

Patient Sampling The study population was composed of consecutive patients who present-
ed at the study centre with liver lesions from May 1997 to March 2003. All
patients were managed in either the hepatobiliary surgical unit or the joint
hepatoma clinic in the hospital Prince of Wales Hospital, Chinese Universi-
ty of Hong Kong; Inclusion criteria were: (i) presence of one or more focal
liver lesions depicted on ultrasonography or computed
tomography of the abdomen; (ii) availability of a histological diagnosis of
the corresponding liver lesion(s) obtained by resection or percutaneous
needle biopsy; (iii) availability of data on the serum AFP concentration
within 1 month of the histological diagnosis and before the commence-
ment of any treatment for cancer, and (iv) a patient age of 18 years. 
Age range not reported. Males 79%

Patient characteristics and setting  

Index tests Serum AFP concentration was measured by electrochemiluminescence
immunoassay (E170 Analytics; Roche Diagnostics Corp., Indianapolis, IN,
USA

Target condition and reference standard(s) Histology of surgical specimen or obtained by US-guided biopsy. Ultra-
sound-guided percutaneous biopsy was performed in single lesions or in
the most suspicious of multiple lesions. If a lesion was diagnosed histolog-
ically as non-tumourous or as representing a benign condition, an addi-
tional 2-year period of clinical and radiological follow-up was initiated. A
diagnosis of a benign condition was considered definitive if there was no
change in clinical and radiological outcomes in the 2-year follow-up. Any
results of repeated biopsies during the 2-year period were reviewed to en-
sure the hepatic lesion was not malignant.

Flow and timing Serum AFP measured within 1 month prior to the histological diagnosis
was reviewed

Comparative  

Notes Conflicts of interest: none declared

Methodological quality
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Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Chan 2014  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Chan 2014  (Continued)

 
 

Study characteristics

Patient Sampling From March 1986 to November 1986, all LC patients with or with-
out HCC who were admitted to the Medical Ward of Kaohsiung
Medical College Hospital were recruited for a prospective study.
Abdominal sonography, AFP, and complements were examined for
HCC screening.
Age range: 26-79. Males 87%

Patient characteristics and setting  

Index tests AFF levels were examined with a commercial kit (Abbott, North
Chicago, IL) The cut-oF value of serum alpha-fetoprotein (AFP)
level was chosen at 400 ng/mL, as suggested by Chen and Sung.

Target condition and reference standard(s) Aspiration cytology, needle biopsy, hepatic angiography, and/or
abdominal computed tomography (CT) were performed if HCC
was indicated. HCC was verified when the tumour was patholog-
ically proven or the tumour was proven by cyt010gy'~ accompa-
nied with positive findings on angiography or dynamic abdominal
CT.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Chang 1988 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chang 1988  (Continued)

 
 

Study characteristics

Patient Sampling This is a retrospective study that analysed all patients with cirrho-
sis aged ≥20 years, who were subjected to HCC surveillance be-
tween January 2002 and July 2010. The medical histories of these
patients were reviewed and recorded until the time of HCC emer-
gence, death, loss to follow-up, or 30 June 2013. The patients were
classified according to the aetiologies of liver disease, namely he-
patitis B (HBV, the presence of the hepatitis B surface antigen in
serum), hepatitis C (HCV, the presence of the hepatitis C antibody
in serum), dual HBV and HCV (BC, the presence of both HBV and
HCV), and non-B, non-C (NBNC, negative for both HBV and HCV).
The exclusion criteria were as follows: (1) the development of a fo-
cal liver lesion within the first 18 months, detected using US; (2)

Chang 2015 
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concurrent extrahepatic neoplasms; (3) a previous liver tumour;
and (4) a follow-up duration of < 18 months.
Age range: 45-69. Males 65%

Patient characteristics and setting  

Index tests AFP with cut-oF value 20 ng/mL, US: no information on positivity
criteria, AFP + US ( AFP cut-oF value 20 ng/mL)

Target condition and reference standard(s) The diagnostic workup for HCC was initiated when AFP levels were
elevated or a mass lesion was observed on US images. The diag-
nosis of HCC was based on triple-phase contrast enhanced com-
puted tomography, magnetic resonance imaging, or histopathol-
ogy. In general, a strict follow-up procedure was followed (1- to 3-
month intervals) and computed tomography, magnetic resonance
imaging, or biopsy of the liver mass was repeated as indicated,
when the initial diagnosis of the mass was inconclusive.

Flow and timing The diagnosis of HCC was based on triple-phase contrast en-
hanced computed tomography, magnetic resonance imaging, or
histopathology.

No information on interval between index test and reference stan-
dard.

Comparative  

Notes Potential competing interests: none

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Chang 2015  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chang 2015  (Continued)
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Study characteristics

Patient Sampling 200 participants admitted to hospital in Rennes or Lyon from De-
cember 1974 to June 1976 underwent AFP measurement and a fol-
low-up (3-18 months).
Age range: 25-81. Males 78%

Patient characteristics and setting 137 participants with cirrhosis (115 alcoholic cirrhosis) and 63
with haemochromatosis (30 with cirrhosis)

Index tests Serum AFP radioimmunoassay, cut-oF value 7.7 ng/mL

Target condition and reference standard(s) Follow up 3-18 months; pathology on surgical specimen or autop-
sy

Flow and timing Tthe interval between index test and reference standard was at
least 270 days.

Comparative  

Notes The study was funded by the Institut National de la Santé et de la
Recherche Médicale (INSERM); no conflicts of interest reported

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Chayvialle 1977 
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chayvialle 1977  (Continued)

 
 

Study characteristics

Patient Sampling Sera were obtained from 125 patients with hepatocellular carcino-
ma, and from 74 with cirrhosis of the liver.
Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: double immunodiffusion (Micro-Ouchterlony) was carried
out on a slide covered with 1% agarose in veronal buFer (pH
8.6, ionic strength 0.075). The antiserum was obtained by im-
muno-rabbits using a method specified by Gitlin. 5-gR IA was per-
formed with Dainabot Alpha-Feto-125 Kit (Dainabot Radioisotope
Lab.,Ltd., Tokyo).

Target condition and reference standard(s) HCC histology; liver cirrhosis histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding and conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chen 1977  (Continued)
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Study characteristics

Patient Sampling The target population comprised 60,000 men aged 30–59 living in 15 town-
ships. A blood specimen was obtained from 36,381 of these men, and test-
ed for AFP and HBsAg. In April 1992, a further 1681 high-risk people aged
30–69 were identified using the same enrolment criteria in an additional
eight townships of Qidong.
Age range: 30-69. Males 100%

Patient characteristics and setting  

Index tests AFP by reversed passive haemagglutination (R-PHA) and then radioim-
munoassay if R-PHA was positive. Participants were considered to be pos-
itive when the value for AFP was 20 mg/L.The tests were then repeated
within a short interval (usually two weeks to three months). For values of
AFP 200 mg/L, the test was repeated at an interval of 2–4 weeks; if the AFP
value remained constant or increased, clinical follow-up was undertaken;
if the titre of AFP reduced sequentially on two occasions, then the re-ex-
amination schedule was as follows: for those with AFP 100–200 mg/L, clin-
ical follow-up was performed every 1–2 months; if the AFP level increased
to > 200 mg/L, clinical follow-up was done every 2–4 weeks; if the titre was
lower than 100 mg/L at least twice, the case would be followed up at a
three-month interval.

Target condition and reference standard(s) The clinical examination (for participants with AFP > 200 mg/L, ultra-
sonography examination

Flow and timing Participants were considered to be positive when the value for AFP was
20 mg/L.The tests were then repeated within a short interval (usually two
weeks to three months).

Comparative  

Notes This research work was partially supported by a grant from Jiangsu
Provincial Health Research Project (1989–1990), and from the National 8th
Five-year Key ScientiŽc Project of P. R. China (1991–1995).

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

Chen 2003 
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chen 2003  (Continued)

 
 

Study characteristics

Patient Sampling Our study was performed in the Third People’s Hospital of Nan-
tong City, and a total of 238 individuals were enrolled in this study.
Serum samples from 103 HCC patients in the preoperative state.
Age range: 37-80. Males 85%

Patient characteristics and setting  

Chen 2015 
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Index tests The concentrations of AFP in the serum samples from HCC pa-
tients were measured in the Clinical Pathology Laboratory of the
third Affiliated Hospital of Nanjing Medical University content of
AFP > 20 ng/mL was considered abnormal.

Target condition and reference standard(s) The diagnosis of all HCC patients was histologically confirmed.
The benign group was comprised of 39 patients with liver cirrho-
sis, 47 patients with chronic hepatitis, and 9 patients with nonal-
coholic fatty liver diseases.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflicts of interest: none

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Chen 2015  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Chen 2015  (Continued)

 
 

Study characteristics

Patient Sampling 884 eligible participants were consecutively recruited from three
hospitals in China (Cancer Hospital of Chinese Academy of Med-
ical Science, Beijing Youan Hospital, and Beijing Friendship Hos-
pital) from November 2013 to December 2014, including 202 HCC
patients, 226 patients with liver cirrhosis, 215 patients with chron-
ic HBV infection, and 203 healthy volunteers.
Age range not reported. Males 77%

Patient characteristics and setting  

Index tests AFP: a commercial ELISA kit was used (CanAg, Fujirebio Dignos-
tics, Göteborg, Sweden), cut-oF value 20 ng/mL.

Target condition and reference standard(s) HCC was diagnosed according to the Chinese guidelines of diagno-
sis and treatment for HCC; liver cirrhosis was diagnosed according
to the guidelines of prevention and treatment for chronic hepati-
tis jointly proposed by the Chinese Society of Hepatology and the
Chinese Society of Infectious Diseases.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Disclosure: "The authors report no potential conflicts of interest in
this work."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Chen 2018 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chen 2018  (Continued)
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Study characteristics

Patient Sampling Patients with cirrhosis were followed up for 48 months with up to
8 serial blood tests (among which is AFP). Abdominal ultrasound
or CT was performed every 6 months in those without HCC at pre-
sentation. Levels of biomarkers, sensitivity, specificity of these
biomarkers individually and in combination were investigated for
HCV-related HCC and non-HCV-related HCC.
Age range not reported. Males 59%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC; US, CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No data provided on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Cheng 2012 
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   High risk  

Cheng 2012  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples for the measurement of OPN and AFP levels were obtained
from patients who were diagnosed with HBV-related HCC for the first time
at King Chulalongkorn Memorial Hospital from January 2010 to December
2014. The control groups comprised 3 groups and included healthy volun-
teers with no apparent liver disease, patients with chronic hepatitis, and
patients with liver cirrhosis. All patients with HCC or chronic liver disease
included in the current study were positive for serum hepatitis B surface
antigen (HBsAg) for the previous 6 months. Patients with hepatitis C virus
(HCV) and/or HIV co-infection were excluded.

Age range not reported. Males 83%

Patient characteristics and setting  

Index tests Blood samples were obtained at initial presentation; sera were separat-
ed by centrifugation and stored at –70°C until tested. Serum AFP levels
were determined using a commercially available ELISA kit according to the
manufacturer’s recommendations (Cobus’Core, Roche Diagnostics, Basel,
Switzerland), using the normal upper limit of AFP (20 ng/mL) as a cut-oF
point.

Target condition and reference standard(s) The diagnosis of HCC was based on typical imaging studies and/or
histopathology according to American Association for the Study of Liver
Diseases (AASLD) practice guidelines.
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Flow and timing No information on interval between index test and reference standard

Comparative  

Notes This study was supported by the Rajadapiseksompoj research grant, Fac-
ulty of Medicine, Chulalongkorn University. The study was also supported
by National Research University Project, Office of Higher Education Com-
mission (WCU011-HR57) and the Ratchadaphiseksomphot Endowment
Fund of Chulalongkorn University (CU-57-001-HR).

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Chimparlee 2015  (Continued)
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Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chimparlee 2015  (Continued)

 
 

Study characteristics

Patient Sampling This was a phase 3 biomarker study based on the EDRN defini-
tion. Serum samples were collected from four previous prospec-
tive studies conducted by our group (Fig. 1): one EDRN biomark-
er phase 4 HCC surveillance study for cirrhosis (the PRIUS study,
clinicaltrials.gov, registration no. NCT 01446666, 407 patients) and
three randomised controlled trials (RCTs) to explore the optimal
antiviral treatment regimen in patients with chronic hepatitis B
(CHB; NCT01639066, 102 patients; NCT01639092, 90 patients; and
NCT01023217, 90 patients). 
Age range not reported. Males 69%

Patient characteristics and setting  

Index tests AFP was measured using a chemiluminescent microparticle im-
munoassay (ARCHITECT i2000SR; Abbott, Chicago, IL). All clinical
data, including the presence of HCC, were blinded to laboratory
technicians to avoid measurement bias. Diagnosis of HCC was trig-
gered only by suspicious nodule on surveillance images (US, CT,
and/or MRI). Biomarkers were not involved in the decision making.

US: no specification

US + AFP: at least one positive, no other specification

Target condition and reference standard(s) Confirmation of HCC was based on the predefined criteria by study
protocols, i.e. results of histologic examination and/or typical imag-
ing features (nodule > 1 cm with arterial hypervascularity and por-
tal/delayed-phase washout) by CT and/or MR.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Supported by grants from the Korean Gastroenterology Fund
for Future Development; the Korean National Health Clinical Re-
search project, Ministry of Health & Welfare, Republic of Korea
(HC15C3380); the Korean Health Technology R&D Project, Ministry

Choi 2019 
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of Health & Welfare (HI17C1862); the National Research Foundation
of Korea (NECA-S-17-008); and the Technology Innovation Program
(10079271) funded by
the Ministry of Trade, Industry & Energy of the Republic of Korea.

Potential conflict of interest: Dr. Lim consults, advises, is on the
speakers bureau for, and receives grants from Bayer Healthcare and
Gilead Sciences.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Choi 2019  (Continued)
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If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Choi 2019  (Continued)

 
 

Study characteristics

Patient Sampling Patients and blood samples for the measurement of WFA+-M2BP lev-
els were obtained from patients who were diagnosed with HBV-re-
lated HCC for the first time at King Chulalongkorn Memorial Hospital
(Bangkok, Thailand) between May 2010 and December 2015. In this
study, 150 patients with HCC were recruited. The control group com-
prised 150 patients without HCC.
Exclusion criteria for the control group were: (i) co-infection with HCV
and/or HIV; (ii) previous HBV antiviral treatment; and (iii) evidence of
HCC or other cancers during follow-up.

Age range: 30-82. Males 76%

Patient characteristics and setting  

Index tests Serum AFP levels were measured by a commercially available ELISA
kit (Cobas Core; Roche Diagnostics, Basel, Switzerland.

Target condition and reference standard(s) Hepatocellular carcinoma was diagnosed on the basis of typical imag-
ing studies and/or histopathology (fine needle aspiration, core liver

Chuaypen 2018 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

167



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

biopsy, or surgical resection) according to the American Association
for the Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes This study supported by the National Research University (NRU59-026-
HR), the Thailand Research Fund (RTA5980008), and the Rachadapisek
Sompot Fund for Postdoctoral Fellowship, Chulalongkorn University.
This study was also supported by the Japan Society for the Promotion
of Science (KAKENHI Grant No. JP15H05289).

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Chuaypen 2018  (Continued)
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Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Chuaypen 2018  (Continued)

 
 

Study characteristics

Patient Sampling A prospective cohort of 100 participants with cirrhosis and clini-
cally suspected HCC
Age range not reported. Males 68%

Patient characteristics and setting  

Index tests US with defined positivity criteria for HCC

Target condition and reference standard(s) HCC: if focal lesion at US biopsy; if US negative, follow-up 12
months

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or COI

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Cottone 1983  (Continued)

 
 

Study characteristics

Patient Sampling A prospective cohort of participants with compensate liver cirrho-
sis in a university centre in Italy
Age range: 40-77. Males 57%

Patient characteristics and setting  

Cottone 1988 
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Index tests AFP measurement by radioimmunoassay (Abbot USA) with a cut-
oF value > 20 ng/mL

Target condition and reference standard(s) US and histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Cottone 1988  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cottone 1988  (Continued)

 
 

Study characteristics

Patient Sampling 60 participants with HCC and 30 with cirrhosis
Age range: not reported. Males 71%

Patient characteristics and setting  

Index tests Serum AFP measurement with a cut-oF value > 20 ng/mL

Target condition and reference standard(s) HCC; US, CT, MR, angiography, histology
Controls: US, CT, and follow-up 12 months

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Cui 2002 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cui 2002  (Continued)

 
 

Study characteristics
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Patient Sampling Serum PIVKAII and AFP levels and GGTII activity were determined
in 90 patients with cirrhosis and 120 patients with HCC. Patients
with vitamin K and antibiotic use in the recent 3 months, with a
haemoglobin levels under 490 mg dL and free bilirubin concentra-
tions up to 27 mg dLor conjugated bilirubin concentrations up to
22 mg dL were excluded from this study.

Age range: 32-84. Males 70%

Patient characteristics and setting  

Index tests The serum concentration of AFP was determined by electrochemi-
luminescence immunoassay (Roche, Elecsys 1010/2010 Systems)
according to the manufacturer’s instructions. The cut-oF level was
fixed at 20 ng/mL.

Target condition and reference standard(s) In all, 58% (70 out of 120) of HCC patients were diagnosed by fine
needle biopsy under the guidance of ultrasonography, and in 16%
(19), the diagnosis was confirmed after surgery. Ultrasonography,
CT, MRI, and selective celiac angiography diagnosed the remaining
patients (26%, 31 out of 120). In patients with cirrhosis, HCC was
ruled out on the basis of imaging examinations including sonogra-
phy and CT)performed on a regular basis. Also, patients with cir-
rhosis who developed HCC within 1 year from getting serum were
excluded.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Cui 2003  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Cui 2003  (Continued)

 
 

Study characteristics

Patient Sampling In Thailand, specimens were obtained from patients and hospi-
tal-based controls recruited at the cancer control unit of the Na-
tional Cancer Institute of Thailand, Bangkok (TLCS, Thailand liv-
er cancer study, Case-control 1). The study was conducted from
April 2008 to December 2009. All cases of PLC were recruited and
matched controls were obtained from outpatient clinics.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement, with a cut-oF value > 20 ng/mL

Target condition and reference standard(s) Differential diagnosis of HCC versus CC was established by a com-
bination of clinical examination,imaging using ultrasonography,
computerised tomography (CT) or MRI, biochemistry (AFP and liv-
er function enzymes testing) and histological confirmation on a
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small subset of patients from whom needle biopsies were avail-
able.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Grant sponsor: European Union Collaborative Project Pro-
lifica, 7th Framework Programme, FP7-AFRICA-2010, Health-
F2-2011-265994

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

da Costa 2015a  (Continued)

 
 

Study characteristics

Patient Sampling The Gambia (GLCS, Gambia liver cancer study, Case-control 2),
specimens were obtained in the course of a nationwide case-con-
trol study performed between 1997 and 2001 in three tertiary re-
ferral hospitals as described previously.
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement.with a cut-oF value > 20 ng/mL

Target condition and reference standard(s) Differential diagnosis of HCC versus CC was established by a com-
bination of clinical examination, imaging using ultrasonography,
CT, or MRI, biochemistry (AFP and liver function enzymes testing),
and histological confirmation on a small subset of patients from
whom needle biopsies were available.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Grant sponsor: European Union Collaborative Project Pro-
lifica, 7th Framework Programme, FP7-AFRICA-2010, Health-
F2-2011-265994

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

da Costa 2015b 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

177



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

da Costa 2015b  (Continued)

 
 

Study characteristics

Patient Sampling In France (FLCS, French liver cancer study, Case-control 3), speci-
mens were obtained from patients and controls recruited at Hopi-
tal Croix-Rousse in Lyon between September 2011 and May 2012. 
Age range and % of males not reported
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Patient characteristics and setting  

Index tests Serum AFP measurement, with a cut-oF value > 20 ng/mL

Target condition and reference standard(s) HCC was diagnosed according to the American Association for the
Study of Liver Diseases (AASLD) practice guidelines (using AFP, US,
CT, MR, and histology)

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Grant sponsor: European Union Collaborative Project Pro-
lifica, 7th Framework Programme, FP7-AFRICA-2010, Health-
F2-2011-265994

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

da Costa 2015c  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

179



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

da Costa 2015c  (Continued)

 
 

Study characteristics

Patient Sampling In Korea, a prospective cohort was assembled using specimens
obtained from chronic hepatitis or cirrhosis patients and controls
recruited in at the Kosin University Hospital in Busan between
1999 and 2001, with subsequent follow-up until 2006 (KLCS, Kore-
an liver cancer study, Cohort 1). Age range and % of males not re-
ported

Patient characteristics and setting  

Index tests Serum AFP measurement with a cut-oF value > 20 ng/mL

Target condition and reference standard(s) Incident HCC was diagnosed according to the American Associa-
tion for the Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Grant sponsor: European Union Collaborative Project Pro-

lifica, 7th Framework Programme, FP7-AFRICA-2010, Health-
F2-2011-265994

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

da Costa 2015d  (Continued)
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Patient Sampling CHB and HBV-HCC patients were identified in the Ruijin Hospital
(Shanghai, China) from December 2007 and March 2019.
The exclusion criteria of CHB for the current study were as follows:
hepatitis C virus (HCV) infection (n = 303), autoimmune hepatitis
(AIH, n = 176), primary biliary cholangitis (PBC, n = 14), HCC (n =
36), and undetermined liver disease (n = 334). Furthermore, the
patients without complete data (n = 1675) or who had other liver
diseases (n = 16) were excluded. 
Age range not reported. Males 76%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Cut-oF value - no defi-
nition

Target condition and reference standard(s) Diagnosis of HCC, based on the American Association for the Study
of Liver Diseases (AASLD) practice guidelines for the treatment of
HCC. The definition of CHB was based on the 2018 AASLD practice
guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Ding 2020  (Continued)
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DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ding 2020  (Continued)
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Patient Sampling From July 1990 to November 1991, all patients undergoing evaluation for potential hepatic
transplantation at our institution were entered into a prospective sonographic screening study
focused on the detection of hepatic malignant tumours. All patients in the study had hepatic
sonograms obtained before transplantation. In the patients who underwent subsequent he-
patic transplantation, the sonographic results were directly correlated with the resected total
hepatectomy specimens. For this report the authors evaluated the sonographic pathologic cor-
relative results from 200 transplant recipients with histologically-proved hepatic cirrhosis.
Age range: 18-74. Males 61%

Patient characteristics and setting  

Index tests Quote: "Each screening sonogram consisted of preliminary scanning of the liver by one of sev-
en technologists. The livers were scanned according to protocol in both transverse and longitu-
dinal planes with anterior and lateral intercostal and subcostal probe placement. The protocol
included hard-film documentation of the liver in sequential transverse images from the dome
to the caudal tip of the right lobe and sequential longitudinal images from the extreme right
to the extreme leS margin of the liver. All scans were obtained with similar sonographic equip-
ment (Acuson Corp., Mountain View, CA) using 2.5- or 3.5-MHz phased-sector transducers. The
technologist’s results were reviewed with a staF radiologist. As per standard procedure at our
institution, approximately 65% of the patients were rescanned by a radiologist for either clar-
ification of the technologist’s results or quality control. Approximately 90% of the sonograms
were interpreted by two radiologists specialising in sonography. The remaining sonograms
were interpreted by four radiologists from the division of abdominal imaging who routinely at-
tend in the ultrasound service. The sonographic criteria for the diagnosis of a possible malig-
nant tumour consisted of identification of a discrete focal mass distinguishable from the adja-
cent hepatic parenchyma or a poorly marginated, focal region of heterogeneous echogenicity.
Both types of abnormalities were interpreted as suggestive of malignancy regardless of their
intrinsic echogenicity. Diffuse heterogeneous echogenicity was attributed to cirrhosis rather
than tumour unless it was associated with mass effect on, or thrombosis of, the intrahepat-
ic vessels. The only focal lesions considered benign and excluded from the study were those
meeting the strict criteria for simple cysts."

Target condition and reference
standard(s)

At the time of transplantation, the results of the pretransplantation sonograms were directly
correlated with serially sectioned fresh total hepatectomy specimens. For ease of correlation,
all livers were sliced in the transverse plane at 1 cm intervals. Lesions were matched by loca-
tion and size. Each sonographically identified lesion was either confirmed or refuted on the ba-
sis of pathologic findings. Sonographically missed lesions were recorded.

Flow and timing The time from sonography to transplantation varied from 1 to 343 days (mean, 63 days), with
86% of the sonograms obtained within 120 days.

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sam-
ple of patients enrolled?

Yes    

Was a case-control design avoid-
ed?

Yes    

Dodd 1992  (Continued)
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Did the study avoid inappropriate
exclusions?

Yes    

Could the selection of patients
have introduced bias?

  Low risk  

Are there concerns that the in-
cluded patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results inter-
preted without knowledge of the
results of the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpreta-
tion of the index test have intro-
duced bias?

  Low risk  

Are there concerns that the in-
dex test, its conduct, or inter-
pretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to
correctly classify the target condi-
tion?

Yes    

Were the reference standard re-
sults interpreted without knowl-
edge of the results of the index
tests?

No    

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

  High risk  

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval
between index test and reference
standard?

No    

Dodd 1992  (Continued)
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Did all patients receive the same
reference standard?

Yes    

Were all patients included in the
analysis?

Yes    

Could the patient flow have in-
troduced bias?

  High risk  

Dodd 1992  (Continued)

 
 

Study characteristics

Patient Sampling A total of 584 participants who visited Hangzhou First People’s
Hospital from June 2011 to June 2013 were enrolled in this study.
They were divided into four age- and gender-matched groups
(HCC, liver cirrhosis, chronic hepatitis B patients, and healthy par-
ticipants). The participants who presented with other liver dis-
eases, such as autoimmune hepatitis, alcoholic hepatitis, and
other types of hepatitis virus infections were excluded from this
study.
Age range not reported. Males 68%

Patient characteristics and setting  

Index tests Serum AFP measurement; cut-oF value 20 ng/mL

Target condition and reference standard(s) In all, 190 patients with HCC had been diagnosed by serum AFP
level, liver ultrasound, computed tomography (CT), and magnet-
ic resonance imaging (MRI). Those who met the diagnostic criteria
for HCC, which was confirmed by histological examination, were
enrolled.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that they had no competing interests.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Dong 2015  (Continued)

 
 

Study characteristics

Patient Sampling 240 patients with either hepatitis B virus (HBV) or hepatitis C virus
(HCV) infection were studied.
Age range not reported. Males 80%

Patient characteristics and setting The study included 144 with HCC, 47 with chronic hepatitis (fibro-
sis stage I-III on liver biopsy), and 49 with cirrhosis.
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Index tests AFP was tested using an immunometric assay utilising cheminolu-
minescence (Wako Diagnostic); no prespecified cut-oF value.

Target condition and reference standard(s) The diagnosis of HCC was based on American Association for the
Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Durazo 2008  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Durazo 2008  (Continued)

 
 

Study characteristics

Patient Sampling The study group was made up of 110 cirrhotic patients who were
seen at our hospital before liver transplantation between 1989
and 1997. 
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum samples were stored at -80°C, avoiding repeated freezing
and thawing, and were tested for AFP and anti-p53 prior to any
therapeutic intervention. AFP was detected by standard radioim-
munoassay (RIA) and levels above 10 ng/L were regarded as posi-
tive.

Target condition and reference standard(s) Diagnosis of HCC was made by ultrasound investigation, comput-
ed tomography (CT) scan, CT portography, angiography, biopsy if
possible, and histologic examination of the explanted liver.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? Yes    
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Edis 1998  (Continued)

 
 

Study characteristics

Patient Sampling The study included a total of 1362 patients who were admitted for
treatment or who had their physical check-up in the First Affiliat-

Edoo 2019 
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ed Hospital of Zhejiang University (Hangzhou, China) from 2014 to
2018.Totally 1075 participants were patients with primary hepat-
ic cancer (PHC). 237 patients were diagnosed with liver cirrhosis.
A retrospective analysis of patients diagnosed with primary hepat-
ic cancer and liver cirrhosis was collected from the hospital data-
base.
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Cut-oF value 20ng/mL

Target condition and reference standard(s) Confirmed pathological diagnosis

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared no conflict of interests.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Edoo 2019  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Edoo 2019  (Continued)

 
 

Study characteristics

Patient Sampling In the present study, we measured serum nitric oxide and glu-
tathione reductase levels in patients with HCC, and in cirrhotic pa-
tients.

From March 2012 to September 2012, 50 patients with HCC (37
males and 13 females; aged 40–90 years with a mean ± SE of 60.7 ±
1.29) were recruited from the Oncology Center, Mansoura Univer-
sity, Mansoura, Egypt.

Controls: a group of 30 cirrhotic patients (19 males and 11 fe-
males; aged 33–80 years with a mean ± SE of 56.4 ± 1.6), without
any evidence of HCC was used and selected from the outpatient
clinic.

Age range: 40-90. Males 70%

Patient characteristics and setting  

Index tests Serum a-fetoprotein was measured using a commercially avail-
able ELISA kit from (DiaMetra Company), cut-oF value > 200 ng/
mL.

Target condition and reference standard(s) All cases were tested for either pathological proof or a typical ra-
diologic pattern on the post-contrast study plus the diagnostic
serum AFP.

Flow and timing No information on interval between index test and reference stan-
dard

Eissa 2013 
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Comparative  

Notes Competing interests: the authors declared no conflict of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Eissa 2013  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Eissa 2013  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted on 100 Egyptian adults including 40 (27
males and 13 females) newly diagnosed HCC patients with HCV
liver cirrhosis with a mean age of 56.5 ± 5.7 years, 40 patients (23
males and 17 females) with chronic HCV with liver cirrhosis with-
out HCC, with a mean age of 56.4 ± 7.7 years, and 20 (12 males and
8 females) apparently healthy participants as a control group,
with a mean age of 32.9 ± 2.2 years. Patients with HCC and chron-
ic HCV were recruited from the Gastroenterology and Hepatol-
ogy Department, Cairo University. All patients and controls were
subjected to full history taking. HCC patients were diagnosed by
triphasic abdominal CT scan. Data of all participants were ob-
tained from medical records and personal interviews. All labora-
tory tests were assayed in the Chemical Pathology Unit, Cairo Uni-
versity Hospital.
Age range: 40-64. Males 63%

Patient characteristics and setting  

Index tests Sera from chronic HCV and HCC patients were used for estimation
of serum level of AFP by solid phase two sequential chemilumines-
cent immunometric assay using IMMULITE 2000 system analyser.
The kits were supplied by Siemens (Siemens Healthcare Diagnos-
tics, United States, cat#L2KAP2). Values up to 10 ng/mL were con-
sidered normal.

Target condition and reference standard(s) HCC: CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

El-Abd 2015 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El-Abd 2015  (Continued)

 
 

Study characteristics

Patient Sampling This is a case-control study that was conducted over a period of con-
secutive 6 months from April 2013 to September 2013. Participants

El-Abd 2016 
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were classified into two groups: group (I) included 50 patients with
HCC. Group (II) included 30 cirrhotic patients. The studied patients
(group I and II) were recruited from those presented to the outpatient
clinic of the Endemic Hepatogastroenterology Department of Kasr El
Aini Hospital (Cairo University, Egypt) and National cancer institute
(Cairo University, Egypt).

Age range not reported. Males 70%

Patient characteristics and setting  

Index tests AFP was done using Architect, based on the chemiluminescence Im-
munoassay (CLIA) technology; no prespecified cut-oF value.

Target condition and reference standard(s) HCC was diagnosed in respect to AASLD practice guidelines. The di-
agnosis of focal lesions was originally detected by ultrasonography.
Quote: "We used multidetector CT scan to confirm the presence of hy-
pervascular lesions in the arterial phase that washed out in the portal
venous or delayed phases. If lesions showed atypical findings, confir-
matory step. No patients needed to be biopsied. The presence of cir-
rhosis was diagnosed by ultrasonography. All cirrhotic patients un-
derwent regular ultrasonographic screening (every 4–6 months) to ex-
clude the development of any hepatic nodules."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors declared that they had no conflict of interest. The study
was not sponsored by any organisation.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

El-Abd 2016  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El-Abd 2016  (Continued)

 
 

Study characteristics

Patient Sampling This study included 40 newly diagnosed HCC patients, all patients
who were presented to the outpatients’ clinic at the NCI, Cairo
University, as well as the National Liver Institute, Cairo over a peri-
od of consecutive 9 months from January to September 2012, and
were eligible for the study. Exclusion criteria: prolonged obstruc-
tive jaundice, intrahepatic cholestasis with vitamin K deficiency,
and intake of warfarin or antibiotics.
Age range: 44-77. Males 64%

Patient characteristics and setting  

Index tests Serum AFP cut-oF value 20 ng/mL

Target condition and reference standard(s) They were proven to be HCC by computed tomography (CT) or
magnetic resonance imaging (MRI).

Flow and timing No information on interval between index test and reference stan-
dard

El Gawad 2014 
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Comparative  

Notes Conflict of interest: none declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

El Gawad 2014  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El Gawad 2014  (Continued)

 
 

Study characteristics

Patient Sampling Blood samples were collected from patients at the National Can-
cer Institute (NCI) of Cairo during a 1-year period. Patients were
diagnosed according to radiological imaging, laboratory tests,
and clinical investigation following the institutional protocol. Two
groups: 44 patients with HCC and 20 patients with cirrhosis but
without HCC.
Age range not reported. Males 72%

Patient characteristics and setting  

Index tests A commercially available microparticle enzyme immunoassay
was used to determine the serum level of AFP expressed in ng/mL,
with no prespecified cut-oF value.

Target condition and reference standard(s) Patients were diagnosed according to radiological imaging, labo-
ratory tests, and clinical investigation following the institutional
protocol.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

el-Houseini 2005 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

el-Houseini 2005  (Continued)

 
 

Study characteristics

Patient Sampling Three groups:
Group I (control): 60 apparently healthy individuals

Group II (cirrhosis): 75 patients with liver cirrhosis
Group III (HCC): 60 patients with HCC
Age range and % of males not reported

Patient characteristics and setting  

Index tests The analysis of serum alpha fetoprotein (AFP) (ng/mL) was done
by IMMULITE 1000 system supplied by Siemens kit (SIEMENS Med-
ical Solutions Diagnostics, USA).

El Mahdy 2019 
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No pre-definition of cut-oF value

Target condition and reference standard(s) All HCC patients were diagnosed by characteristic vascular en-
hancement pattern detected by multislice triphasic spiral CT scan
or MRI according to established diagnostic criteria.
Cirrhosis-control US

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors declared no conflict of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

El Mahdy 2019  (Continued)
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DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El Mahdy 2019  (Continued)

 
 

Study characteristics

Patient Sampling The study included 80 patients and 15 normal participants. They
were grouped as follows:

Group (1) 50 patients with hepatocellular carcinoma

Group (2) 30 patients with chronic hepatitis C

Group (3) 15 normal participants

Complete history taking, clinical examination stressing on (liver
and spleen size, ascites, jaundice, Encepathalopathy, and liver
masses). Laboratory testing after overnight fasting (primary biliary
cholangitis (primary biliary cirrhosis; CBP), alanine transaminase
(ALT), aspartate aminotransferase (AST), bilirubin, albumin, he-
patitis B surface antigen (HBsAg), hepatitis C virus antibody (HCV

El Moety 2011 
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AB), and alpha-fetoprotein, and nitric oxide. Child Pugh score. Ab-
dominal ultrasound for detecting for hepatic lesions. Triphasic CT
for diagnosis of focal hepatic lesions as hepatocellular carcinoma
with the characteristic pattern.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP with no prespecified cut-oF value

Target condition and reference standard(s) HCC; CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No data provided on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

El Moety 2011  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

El Moety 2011  (Continued)

 
 

Study characteristics

Patient Sampling 60 participants with HCC and 60 with cirrhosis were enrolled in a
university medical centre in Egypt.
Age range not reported. Males 83%

Patient characteristics and setting  

Index tests Serum AFP measurement by elechtochemiluminescence im-
munoassay using a Cobas E411 analyzer (Roche Diagnostics,
Tokyo, Japan) with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: AFP, US, CT; cirrhosis: US

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No author had any conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Elnemr 2012 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Elnemr 2012  (Continued)

 
 

Study characteristics

El-Serag 2017 
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Patient Sampling The authors presented interim results from a prospective cohort
study (8/14-5/17) at the Houston VAMC. 
Quote: "We enrolled consecutive patients with cirrhosis irrespec-
tive of aetiology and no past or present HCC in a 6-monthly sur-
veillance program consisting of liver imaging (mostly ultrasound)
combined with AFP. We limited the analysis to 26 HCC cases with
complete information on biomarkers before HCC development
and 543 controls with consistently negative liver imaging."
Age range not reported. Males 98%

Patient characteristics and setting  

Index tests Serum AFP measurement; cut-oF value 20 ng/mL

Target condition and reference standard(s) US, CT, MR, histology; follow-up 6 months

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Abstract. No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

El-Serag 2017  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El-Serag 2017  (Continued)

 
 

Study characteristics

Patient Sampling 66 patients, selected from the hepatology department of Nation-
al Liver Institute-Menoufyia University, National Cancer Insti-
tute-Cairo University, Internal Medicine-Al Zahraa University Hos-
pital and Hepatology Centre - National Medical Centre; 31 of them
were diagnosed as HCC according to clinical examination, radi-
ological investigations including abdominal ultrasonography,
triphasic CT, and laboratory investigations.

The remaining 35 patients had post HBV or HCV liver cirrhosis.

Age range: 34-71. Males 84%

Patient characteristics and setting  

Index tests Serum AFP was measured using automated Elecsys (Roche- Diag-
nostic, Branchburg, NJ-Germany) with no prespecified cut-oF val-
ue.

Target condition and reference standard(s) HCC, CT 
Controls: US

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

El Shafie 2012 
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Notes Conflicts of Interest: there were no conflicts of interest in this
study.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

El Shafie 2012  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El Shafie 2012  (Continued)

 
 

Study characteristics

Patient Sampling In this study, the patients were selected from the Department of
Hepatology, National Liver Institute, Minoufiya University and De-
partment of Oncology, Faculty of Medicine, Minoufiya University.
There were two groups:
Group (1) included 57 patients (48 males and 9 females; mean
age: 46.87 ± 6.58 years). The patients were diagnosed as having
HCC by the presence of characteristic hepatic masses on liver MRI,
CT, and/or hepatic angiography (i.e. enlarged tumours and/or tu-
mours with typical arterial vascularisation). 
Group (2) [liver cirrhosis (LC)]. The group included 46 patients (37
males and 9 females; mean age: 42.28 ± 9.34 years). The group of
patients consisted or people having hepatitis B virus and/or he-
patitis C virus–related cirrhosis.

Age range not reported. Males 82.5%

Patient characteristics and setting  

Index tests Assessment of serum AFP was performed using VIDAS instrument,
BioMerieux, France, using the Enzyme Linked Fluorescent Assay
(ELFA). The results were expressed as IU/mL with no prespecified
cut-oF value.

Target condition and reference standard(s) HCC, CT, MR

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

El-Shenawy 2012 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El-Shenawy 2012  (Continued)

 
 

Study characteristics

Patient Sampling The present study was carried on 80 participants. Patients with ei-
ther liver cirrhosis or HCC were selected among patients who were
admitted in the Department of Tropical Medicine and Gastroen-
terology and Internal medicine; Assiut University Hospital from
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September 2009 - September 2010. They were 30 people with liver
cirrhosis (group I) and 30 people with HCC (group II).

Age range not reported. Males 70%

Patient characteristics and setting  

Index tests Alpha-foetoprotein was performed on IMMULITE analyser, using
chemiluminescent assay (Siemens Healthcare Diagnostics, UK)
with no predefined cut-oF value.

Target condition and reference standard(s) The diagnosis of HCC was ascertained using a histopathologic ex-
amination by liver needle biopsy (30 adults were enrolled in the
present study; the patients underwent liver needle biopsy under
ultrasound guidance). The diagnosis of cirrhosis was confirmed by
abdominal ultrasonography and biochemical findings.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

El-Sherif 2012  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El-Sherif 2012  (Continued)

 
 

Study characteristics

Patient Sampling 60 HCV-positive patients either attended or were admitted to
the Department of Hepatology and Gastroenterology or Internal
Medicine, Benha University Hospital, Egypt from October 2014 to
March 2015. The study population was divided as follows.
Group I: 30 HCV-positive patients with HCC, aged 32–64 years
Group II: 30 HCV-positive patients with liver cirrhosis, aged 34–58
years. 
Males 55%

Patient characteristics and setting  

Index tests AFP levels (0.3–1000 ng/mL) were assessed by Axsym using mi-
croparticle enzyme immunoassay (MEIA) technology with no pre-
specified cut-oF value.

Target condition and reference standard(s) We used triphasic CT, and/or MRI to detect characteristic focal le-
sions of HCC, with or without elevated AFP.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funding: none. Conflicts of interest: none declared

Methodological quality

Eltaher 2016 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Eltaher 2016  (Continued)
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Study characteristics

Patient Sampling Samples taken during routine follow-up of 96 patients with differ-
ent liver diseases are utilised in the current study. They included
37 patients with HCC, 28 patients with liver cirrhosis.

Age range: 41-70. Males 78%

Patient characteristics and setting  

Index tests AFP is determined using commercially available microparticle en-
zyme immunoassay. AFP is expressed in ng/mL with no prede-
fined cut-oF value.

Target condition and reference standard(s) Patients are diagnosed according to radiological imaging, labo-
ratory tests, and clinical investigations following the institutional
protocol.

Flow and timing  

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

El-Tayeh 2012 
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

El-Tayeh 2012  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted on 60 adult patients: 30 patients with
CHCV infection and 30 patients with HCC who presented to Trop-
ical, Internal Medicine Department of Al-Zahraa University Hospi-
tal, from March to November 2014. 
Exclusion criteria: patients with history or evidence of other malig-
nancies; patients suffering from any other organ failure; and other
causes of cirrhosis e.g. alcohol.
Age range: 35-62. Males 60%

Patient characteristics and setting  

Index tests Serum alpha-foetoprotein (AFP) was detected by COBAS e411
chemiluminescence auto-analyser, using Roche reagents (Roche
Diagnostics GmbH, D-68289 Mannheim, Germany) with no prede-
fined cut-oF value.

Target condition and reference standard(s) All patients and controls were subjected to the following:
1. Full history and clinical examination.
2. Abdominal ultrasonography.
3. Abdomino-pelvic triphasic CT scan for suspected cases of HCC.

El Zefzafy 2015 
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Liver biopsy and histopathological examination were done when
needed for patients with hepatic focal lesions, not fulfilling imag-
ing or AFP diagnostic criteria for HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

El Zefzafy 2015  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

216



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

El Zefzafy 2015  (Continued)

 
 

Study characteristics

Patient Sampling 133 participants were enrolled in our study and were divided into
three groups: HCC (n = 40), cirrhosis (n = 54), and control (n = 39).
Patients with another malignancy were excluded from the study.
Age range: 45-87. Males 73%

Patient characteristics and setting  

Index tests AFP was measured by the chemiluminescence method
(ARCHITECH system; Abbott Laboratories, Abbott Park; IL, USA).
The upper limit of the normal level is 7 ng/mL.

Target condition and reference standard(s) The diagnosis of 22 HCC patients was made by histopatholo-
gy. If histopathology was not present, the diagnosis of HCC was
based on the American Association for the Study of Liver Diseases
(AASLD) practice guidelines (11), and it was confirmed by imaging
modalities (ultrasound, magnetic resonance imaging, or comput-
ed tomography) and biochemistry (AFP and liver function test).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflict of Interest: no conflict of interest was declared by the au-
thors.
Financial disclosure: the authors declared that this study was
funded by Scientific Research Projects Office of Gazi University.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Erdal 2016  (Continued)
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Patient Sampling We performed a prospective single-centre study including 164 cas-
es of HCC-patients and 422 controls seen between 02/2007 and
11/2008. 
10 patients had to be excluded due to pregnancy (n = 2), warfarin
use (n = 4), or missing data (n = 4).
Age range not reported. Males 56%

Patient characteristics and setting  

Index tests Serum concentrations of AFP and ® DCP were determined using
the Wako LiBASys ® clinical auto-analyser by a liquid-phase bind-
ing assay [17]. Interassay coefficient of variation for total AFP con-
centration ranges from 2.6% to 4.6%. 
The analytical limit of detection is 0.8 ng/mlL and the assay is lin-
ear up to 1,000 ng/mL AFP concentration.

Target condition and reference standard(s) HCC was verified by histological findings or by two different cross-
sectional scans as defined by the European Association for the
Study of the Liver (EASL) guidelines. Controls consisted of patients
with viral hepatitis, cirrhosis, other chronic liver diseases such
as nonalcoholic steatohepatitis (NASH), autoimmune hepatitis
(AIH), and others. Liver diseases were classified according to clin-
ical, serological, and histological criteria. Liver cirrhosis was diag-
nosed by histology or typical findings such as portal hypertension
in known chronic liver diseases.

Flow and timing  

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Ertle 2013  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ertle 2013  (Continued)

 
 

Study characteristics

Patient Sampling This was a cross-sectional case–control study. Patients were drawn from
referrals to the Liver Unit at the Obafemi Awolowo University Teaching
Hospitals Complex, Ile-Ife, from April 2011 to March 2012. The patients
were divided into two broad groups: HCC and non-HCC groups.

62 consecutive patients presenting with untreated primary hepatocellu-
lar carcinoma. The controls were 57 patients with benign hepatic diseases
which comprised of 34 patients with chronic hepatitis B infection, 1 pa-
tient with chronic hepatitis C infection, 21 patients with compensated cir-
rhosis of the liver, and 1 patient with Non-alcoholic Fatty Liver Disease.
Patients with a history of the use of warfarin or other dicoumarol or total
bilirubin level above 20 mg/dL (340 µmol/L) were excluded from the study.

Age range not reported. Males 72%

Patient characteristics and setting  

Ette 2015 
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Index tests AFP was tested using commercially available immunoenzymometric assay
kit manufactured by INTECO Diagnostics, UK Ltd., London with no prede-
fined cut-oF value.

Target condition and reference standard(s) 62 consecutive patients with HCC were enrolled. Patients presented with
untreated primary HCC diagnosed using the European Association for the
Study of Liver Diseases (EASL) and American Association for the Study of
Liver Diseases (AASLD) criteria. All the cases and controls were subjected
to abdominal ultrasound while CT scan was restricted to those shown on
ultrasound to have focal lesions in the liver.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Competing interests: the authors declared no conflict of interests.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Ette 2015  (Continued)
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Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ette 2015  (Continued)

 
 

Study characteristics

Patient Sampling The participants were prospectively enrolled at the Tokyo Metro-
politan Komagome Hospital, Showa University Fujigaoka Hospital,
and Kanazawa University Hospital, Japan.

651 serum samples, collected from September 2007 to November
2014, were obtained from 395 HCV-positive patients, including 133
moderate chronic hepatitis C (CHC), 85 liver cirrhosis (LCC), and 177
HCC (HCC-C) patients; 232 HBV patients, including 103 chronic HBV
(CHB), 56 liver cirrhosis (LCB), and 73 HCC (HCC-B) patients; and 24
healthy controls.

Age range not reported. Males 47%

Patient characteristics and setting  

Index tests Serum AFP concentration, cut-oF value 20 ng/mL

Target condition and reference standard(s) HCC was diagnosed by ultrasonography and computed tomogra-
phy, and confirmed by liver biopsy.

Liver cirrhosis was by presence of ascites and/or gastroesophageal
varices, and defined by the aspartate transaminase (AST) to platelet
ratio index (APRI) and Fibrosis-4 index.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Ezzikouri 2015 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

222



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes Authors have no conflict of interest.

This work was supported by grants from the Ministry of Health
Science H24-B-014, H25-009 and Welfare and the Ministry of Edu-
cation, Science and Culture, Japan, 23590547. The funders of the
study had no role in the study design, data collection, analysis, in-
terpretation, or writing of the paper. All authors had access to the
raw data.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Ezzikouri 2015  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ezzikouri 2015  (Continued)

 
 

Study characteristics

Patient Sampling A total of 238 patients were considered in this study. 211 had liver
cirrhosis.
Age range: 19-86. Males 60%

Patient characteristics and setting  

Index tests Serum AFP measurement, no specification. Cut-oF value 20 ng/mL

Target condition and reference standard(s) The diagnosis of liver cirrhosis was established on laparoscopic
and histologic findings specific for the disease. The diagnosis of
HCC was established on previously reported criteria: histologic
evaluation (n = 16), or specific findings of one or more of the fol-
lowing investigations: an AFP level greater than 1000 pg/L with the
ultrasonography, computed axial tomography, and angiography.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Cconflicts of interest not reported

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

Fabris 1991 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

224



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Fabris 1991  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Fabris 1991  (Continued)

 
 

Study characteristics

Patient Sampling A total of 273 people with HBV-related HCC (n = 145) and fibrosis (n
= 128) were recruited during 2007–2008. Patients with HBV-related
HCC were recruited from Eastern Hepatobiliary Hospital, Shang-
hai.
Excluded from the patients cohort were patients with hepatitis A
virus, HCV, hepatitis D virus, hepatitis E virus, human immunode-
ficiency virus, Epstein-Barr virus, and cytomegalovirus infection,
alcohol consumption > 30 g/day, metastatic liver cancer, autoim-
mune liver disease, drug-related liver disease, alcoholic hepatitis,
obstructive jaundice, other causes of chronic liver disease, renal
inadequacy, or blood diseases and insufficient biopsy samples.

Age range not reported. Males 87.5%

Patient characteristics and setting  

Index tests Serum AFP concentration measurement determined on Roche
E170 modular with matched reagents (Roche E170, Germany). The
reference values were 0 ng/mL -- 20 ng/mL.

Target condition and reference standard(s) All the enrolled HCC were confirmed by histological study after
surgical resection. The diagnosis of liver fibrosis was confirmed
with percutaneous liver biopsy and histological study, indepen-
dently inspected by two pathologists.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Grant sponsor: Natural Science Foundation of China

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Fang 2010 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Fang 2010  (Continued)

 
 

Study characteristics

Patient Sampling This cross-sectional study was conducted on 60 patients. All patients presented to
the Endemic Medicine Department, Kasr Al Ainy Hospital, Cairo University, during
the period between January 2011 and July 2011. 
Patients were classified into three groups:

Farid 2014 
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Control group: 20 apparently healthy people without any evidence of liver disease. 
Liver cirrhosis (LC) group: 20 patients with HCV-related LC. Cirrhosis was diagnosed
based on clinical background (manifestations of liver cell failure), laboratory back-
ground (markers of cytolysis, cholestasis, and synthetic function derangement),
and imaging (morphological changes and signs of portal hypertension).
HCC group: 20 patients with HCC in addition to LC. 
Patients who received prior interferon therapy, or immunosuppressive therapy, or
those who received therapy for HCC lesion or recurrent HCC were excluded from
the study.

Age range: 28-80. Males 79%

Patient characteristics and setting  

Index tests The serum AFP level was determined using the enzyme-linked immunosorbent
assay (ELISA) (Monobind Inc., Lake Forest, CA, 92630, USA) with a cut-oF level of
10ng/mL.

Target condition and reference standard(s) Liver masses (in HCC group) were diagnosed as HCC according to the Korean Liver
Cancer Study Group.

- AFP value > 200 ng/mL with a specific imaging pattern, defined by intense con-
trast uptake during the arterial phase followed by contrast washout during venous
or delayed phases in contrast-enhanced study such as computed tomography (CT)
scan or magnetic resonance imaging (MRI).
- AFP value < 200 ng/mL with two or more positive findings of dynamic contrast en-
hancement (CT or MRI).
- A tumour of 2-cm size with typical characteristics of HCC in dynamic contrast en-
hancement CT or MRI regardless of the serum AFP levels.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors declared that there was no conflict of interest. This work has been
partly self funded and partly funded by the University without any organisational
support and without any interest to the contributing authors.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Farid 2014  (Continued)
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Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Low risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Farid 2014  (Continued)

 
 

Study characteristics

Patient Sampling A total of 700 patients who were diagnosed with a hepatopancreatobiliary
disease and who had undergone surgery were consecutively enrolled from
the Institute of Hepatobiliary Surgery, Southwest Hospital, Third Military
Medical University, between September 2008 and September 2011.

Participants receiving surgery were divided into two groups:

Feng 2016 
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(i) participants with HCC (n = 329); and

(ii) participants without HCC, with either benign or malignant hepatopan-
creatobiliary disease (n = 371). 
None of the participants were receiving and/or had received vitamin K
therapy.

Age range not reported. Males 69%

Patient characteristics and setting  

Index tests Serum AFP was examined, using a commercially available immunometric
assay (ST AIA-PACK AFP, Tosoh, Tokyo, Japan), with enhanced chemilumi-
nescence at the Southwest Hospital Clinical Diagnostic Center with no pre-
defined cut-oF value.

Target condition and reference standard(s) HCC was clinically diagnosed, based on international guidelines. Patho-
logic findings from resected specimens were confirmed for all 329 partici-
pants. No person had received any previous therapy to treat HCC such as
TACE, RFA, PEI, or resection, and people underwent surgery for the first
time at this hospital. A cohort of people with a hepatopancreatobiliary dis-
ease other than HCC, based on enhanced imaging findings, who were un-
dergoing surgery at this hospital, were used. All of these people had been
diagnosed by clinical findings as well as pathologic findings.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Competing interests. The authors declared that they had no competing in-
terests.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Feng 2016  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Feng 2016  (Continued)

 
 

Study characteristics

Patient Sampling During the two years, from January 1989 to December 1990, 50
patients with hepatocellular carcinoma plus liver cirrhosis (37
males and 13 females) and 50 patients with liver cirrhosis alone
(37 males and 13 females) were included.
Age range not reported. Males 74%

Patient characteristics and setting  

Index tests The serum AFP was measured using an a-Fetoprotein Radioim-
munoassay Kit (Dinabot Laboratories, Tokyo, Japan), and its nor-
mal level is less than 20 ng/mL.

Target condition and reference standard(s) In 37 out of the 50 hepatocellular carcinoma patients, diagnosis
was made by histological examination (biopsy and necropsy); in
the remainder, it was based on markedly elevated serum AFP lev-

Fujii1995 
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els (400 ng/mL), space-occupied lesions demonstrable by various
imaging techniques, and typical computed tomographic and/or
angiographic findings [7-10]. In the group of patients with liver cir-
rhosis, the diagnosis was made on liver biopsy in 40 patients, and
on clinical, biochemical, and computed tomographical findings in
the remaining 10 patients.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Fujii1995  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Fujii1995  (Continued)

 
 

Study characteristics

Patient Sampling Quote: "We conducted a cross-sectional study between October 2001 and No-
vember 2002. Data were gathered from two affiliations: Shinshu University
(Japan) and Suez Canal University (Egypt) Hospitals. A total of 334 consecu-
tive patients with chronic liver disease seen at outpatient liver clinics in the
two settings (who met our inclusion/exclusion criteria) were included; of them,
110 patients were diagnosed as HCC. We excluded patients with alcoholic and
schistosomal liver diseases from our study populations. We had also excluded
patients known from their medical history to have interstitial lung fibrosis, or
any other lung disease from our study population."

Age range not reported. Males 77%

Patient characteristics and setting  

Index tests Assessment of alpha foetoprotein (AFP) and protein-induced vitamin K defi-
ciency or absence (PIVKA-II) was performed using commercially available kits.
Cut-oF points were set at 10 ng/mL for AFP.

Target condition and reference standard(s) Chronic liver disease and cirrhosis were identified and diagnosed according to
liver biopsy findings, clinical and/or radiological evidence of portal hyperten-
sion. HCC was excluded by imaging studies (abdominal ultrasound (US), com-
puted tomography (CT), magnetic resonance imaging (MRI), and/or hepatic
angiography), one of which must have been performed at least six months fol-
lowing the measurement of AFP. HCC was diagnosed when meeting the study
inclusion criteria of positive cytology and/or histology or by the presence of
characteristic hepatic masses on liver CT, MRI, and/or hepatic angiography (i.e.
enlarging tumours and/or tumours with typical arterial vascularisation).

Flow and timing HCC was excluded by imaging studies (abdominal ultrasound (US), comput-
ed tomography (CT), magnetic resonance imaging (MRI), and/or hepatic an-
giography), one of which was to be performed at least six months following the
measurement of AFP.

Comparative  

Gad 2005 
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Notes Acknowledgments: "We would like to thank Takeda Foundation, Osaka, Japan
for their financial support."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Gad 2005  (Continued)
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Was there an appropriate interval between index
test and reference standard?

No    

Did all patients receive the same reference stan-
dard?

Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Gad 2005  (Continued)

 
 

Study characteristics

Patient Sampling We analysed retrospectively the charts of 106 consecutive adult
patients who underwent OLT for treatment of cirrhosis over a 1-
year period at Mount Sinai Hospital. All patients had US, CT, and
serum AFP measurements within 6 months of OLT. The results
were compared to explant histology.

Age range: 24-71. Males 65%

Patient characteristics and setting  

Index tests QUOTE: "US: US exams were performed using an ATL UM-9 (Ad-
vanced Technology Laboratories, Bothell, WA). Depending upon
the patient’s physique, either a 2.25-MHz or a 2- to 4-MHz broad
bandwidth transducer was used. AFP: AFP < 20 ng/mL, the upper
limit of normal at our institution, was defined as low risk. AFP > 20
ng/mL was defined as high risk."

Target condition and reference standard(s) Explant histology: a pathologist specialising in the hepatobiliary
system reviewed all liver explants. Each liver explant was sec-
tioned every 1 cm. The presence of tumour nodules, their size, and
their location were recorded. The underlying liver pathology was
evaluated.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Gambarin-Gelwan 2000 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Gambarin-Gelwan 2000  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gambarin-Gelwan 2000  (Continued)

 
 

Study characteristics

Patient Sampling This is a cross-sectional study. The participants in this study were
liver cirrhotic patients, aged 18 years and older.
Age range not reported. Males 55%

Patient characteristics and setting Among 106 patients, 59 patients had cirrhosis with HCC, and the
other 47 patients had cirrhosis without HCC as negative control to
HCC group.

Index tests The quantitative measurement of plasma AFP was performed us-
ing ADVIA Centaur AFP assay, a two-site sandwich immunoassay
using direct chemiluminometric technology, which uses constant
amounts of two antibodies. The results were reported in ng/mL,
with a cut-oF value of ≤15 ng/mL.

Target condition and reference standard(s) Diagnosis of hepatocellular carcinoma in the patient group were
defined according to AASLD guidelines on hepatocellular carcino-
ma or by presence of liver nodule, AFP > 200 ng/mL and support-
ed with two imaging results with typical features of hepatocellular
carcinoma.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Gani 2015 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Gani 2015  (Continued)

 
 

Study characteristics

Patient Sampling Among 600 consecutive people with cirrhosis, 64 HCC (10%) were
identified.

Garretti 1988 
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Age range: 29-75. Males not reported

Patient characteristics and setting  

Index tests All patients underwent US evaluation

Target condition and reference standard(s) CT scan was performed both in people with positive US and in
people with negative case when there was a clinical suspect of
HCC (increased AFP levels or hepatic decompensation).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Garretti 1988  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Garretti 1988  (Continued)

 
 

Study characteristics

Patient Sampling In this study, we evaluated the diagnostic capability of the com-
bination of AFP with two novel potential biomarkers, Dickkopf-1
(DKK1) and osteopontin (OPN), for HCC in 390 participants includ-
ing 89 people with HCC, 36 people with liver cirrhosis, 65 people
with chronic hepatitis B, and 200 healthy controls.

Age range and % of males not reported.

Patient characteristics and setting The HCC patients and healthy controls enrolled in this study were
collected from December 2008 to June 2009 and from May to
June, 2013, respectively, from the Liver Cancer Institute, Zhong-
shan Hospital, Fudan University, Shanghai, China.

Index tests Concentrations of serum AFP was measured by the same method
with another commercial kit (Raygene Biotechnology Company,
Shanghai, China). The assays were conducted according to the
manufacturer’s instructions, and all specimens were performed
blindly and in duplicate.

Target condition and reference standard(s) The diagnosis of HCC was based on American Association for the
Study of Liver Diseases (AASLD) Practice Guidelines, verified by ul-
trasound, CT scan, or MRI and biochemistry (AFP serology and liv-
er function enzymes) findings, and was confirmed by histopathol-
ogy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Ge 2015  (Continued)
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Could the patient flow have introduced bias?   Low risk  

Ge 2015  (Continued)

 
 

Study characteristics

Patient Sampling 160 patients were enrolled, 56 cases and 104 controls.
Age range not reported. Males 73%

Patient characteristics and setting  

Index tests Blood samples for AFP and PIVKA-II assays were also collected
from all the enrolled patients, regardless if they belonged in the
case or in the control group. PIVKA-II assay was performed us-
ing Lumipulse® G1200 (Fujirebio Inc., Malvern, PA, USA), an en-
zyme-linked immunoassay, based on chemiluminescence princi-
ples (CLEIA – chemiluminescent enzyme immunoassay) with no
predefined cut-oF value.

Target condition and reference standard(s) Cases: proven HCV infection (positive anti-HCV and detectable
serum HCV-RNA) plus radiological, histological, or cytological evi-
dence of hepatocellular carcinoma as assessed in American Asso-
ciation for the Study of Liver Diseases (AASLD) hepatocellular car-
cinoma practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Gentile 2017 
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If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Gentile 2017  (Continued)

 
 

Study characteristics

Patient Sampling 120 patients with HCC and 90 patients with liver cirrhosis
Age range 26-85. Males 74%

Patient characteristics and setting Quote: "Serum samples from 120 patients with HCC (95 men and
25 women, aged 40–84 years) were included in our study. Serum
samples from 90 patients affected by cirrhosis were also collected.
Serum samples from 41 healthy people (17 men and 24 women,
aged 24–45 years) were collected as controls and stored as above."

Index tests Serum a-FP was measured using an ELISA kit (IMMULITE 2000)
based on a solid-phase 2-site sequential chemiluminescent im-
munometric technique purchased from Diagnostic Products (Los
Angeles, CA).

Giannelli 2005 
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Target condition and reference standard(s) HCC diagnosis was confirmed by ultrasound and, when necessary,
by CT.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Giannelli 2005  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   High risk  

Giannelli 2005  (Continued)

 
 

Study characteristics

Patient Sampling Between 2001–2005, 961 consecutive patients were observed from
two European hospital centres. Inclusion criteria were: age over 18
years and presence of HCC or liver cirrhosis (LC), and exclusion cri-
teria were other concomitant cancers. 499 were classified as HCC
according to the EASL Barcelona conference criteria. The remain-
ing 462 patients were classified as LC according to clinical and bio-
chemical parameters.

Age range not reported. Males 90%

Patient characteristics and setting  

Index tests AFP: AFP and SCCA were measured using ELISA kits purchased
from Diagnostic Products (Los Angeles, CA) and from Xeptagen
(Naples, Italy), respectively, and following the manufacturer's in-
structions as previously described.

The diagnostic cut-oF and the related sensitivity, specificity and
95% confidence intervals were determined.

Target condition and reference standard(s) HCC: 499 were classified as HCC according to the EASL Barcelona
conference criteria. All these patients underwent US and CT scans,
while liver biopsy was performed in 380/499 patients (76%).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Giannelli 2007 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Giannelli 2007  (Continued)
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Study characteristics

Patient Sampling This study was reported as a retrospective case-control study of cirrhotic pa-
tients with and without HCC. They included all patients diagnosed with HCC at
Parkland Hospital between January 2005 and June 2012. Patients were identi-
fied by a combination of International Classification of Diseases, 9th revision,
codes for HCC (155.0 or 155.2), a prospectively maintained list of patients seen
in a multidisciplinary liver tumour clinic, and tumour conference presentation
lists. In the HCC group, they excluded patients who did not have an AFP level
before HCC diagnosis, and in the control group (patients with cirrhosis), they
excluded patients with any suspicious liver mass on imaging and those who
did not have an AFP test during the study period (January 2010–July 2011).

Age range: 49-61. Males 71%

Patient characteristics and setting  

Index tests AFP. Quote: "We dichotomized AFP at a cut-oF value of 20 ng/mL because this
is the most commonly reported and used cut-oF value in clinical practice."

Target condition and reference standard(s) HCC: Quote: "Two authors (A.G.S. andA.C.Y.) adjudicated all HCC cases to con-
firm that they met diagnostic criteria, based on AASLD guidelines".

Cirrhosis: "Patients initially were identified using a previously validated combi-
nation of International Classification of Diseases, 9th revision, codes. Patients
were required to have at least 6 months of follow-up evaluation to confirm the
absence of HCC."

Flow and timing No data on interval between index test and reference standard.

Quote: "Between January 2005 and June 2012, there were 457 patients with
cirrhosis who were diagnosed with HCC. We excluded 5 patients who did not
have an AFP level before HCC diagnosis. Between January 2010 and July 2011,
there were 914 patients with cirrhosis who were seen in an outpatient setting
at Parkland Hospital, of whom 238 patients were excluded for a lack of AFP
level or insufficient follow-up duration."

Comparative  

Notes Conflicts of interest: the authors disclosed no conflicts.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  
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Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

Unclear    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Gopal 2014  (Continued)

 
 

Study characteristics

Patient Sampling 227 patients were included in this retrospective study; 111 had
HCC, and 85 of these were also with liver cirrhosis. The remaining
116 patients, defined as the control group, included 23 patients

Grazi 1995 
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with liver metastases from colorectal cancer, 26 with benign he-
patic lesions, 20 with tumours other than HCC without hepatic
metastases, and 47 with other liver diseases.

Age range:15 to 74 yeas. Males 88%

Patient characteristics and setting  

Index tests The assays for AFP (AFP Reagen Pack, Abbott, North Chicago, IL,
USA), were carried out at the Central Laboratory of the S. Orsola
Hospital. The cut-oF value was 20 ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was confirmed histologically in all cases.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Grazi 1995  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Grazi 1995  (Continued)

 
 

Study characteristics

Patient Sampling A total of 581 cases of serum samples including 302 cases of HCC,
105 cases of liver cirrhosis, 59 cases of chronic hepatitis B (CHB),
and 115 cases of healthy controls.

Age range not reported. Males 63%

Patient characteristics and setting  

Index tests Alpha-foetoprotein (AFP) was measured using standard methods
and matched reagents (HITACHI 7600, Hitachi Koki Co. Ltd., Hi-
tachinaka City, Japan. No pre-definition of cut-oF value

Target condition and reference standard(s) HCC was confirmed by histological study after surgical resection.
The diagnosis of each patient was confirmed by laboratory, patho-
logical, and imageological examination.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that there were no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Guan 2020  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Guan 2020  (Continued)

 
 

Study characteristics

Patient Sampling Patients enrolled in DANHEP before 31 December 2012 were eligi-
ble for inclusion if they fulfilled the following criteria: (i) a positive
HCV-RNA test, (ii) a valid PIN and address recorded in the Danish
Civil Registration System, (iii) ≥ 18 years of age, and (iv) cirrhosis
before 31 December 2013.

Age range and % of males not reported

Patient characteristics and setting 1075 patients with CHC and cirrhosis at risk of HCC were enrolled.

Index tests AFP measurement with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) SNOMED and ICD-codes used in the definition of all inclusion crite-
ria, outcomes and covariates are provided in the supplementary
material.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Hallager 2018  (Continued)

 
 

Study characteristics
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Patient Sampling 160 HBV-infected patients with HCC, 88 CHB patients without HCC
from April 2012 to April 2013 in the Department of Hepatology, Qilu
Hospital of Shandong University. Exclusion criteria included co-in-
fection with human immunodeficiency virus (HIV) or hepatitis C virus
(HCV), alcoholic liver diseases, autoimmune liver diseases, non-alco-
holic fatty liver diseases (NAFLD), and other causes of chronic liver dis-
eases.

Age range: 46-61. Males 77%.

Patient characteristics and setting The current study enrolled a total of 84 patients with HBV/HCV‑re-
lated HCC (69 males and 15 females), 74 patients with HBV/HCV‑as-
sociated liver cirrhosis (42 males and 32 females), and 29 patients
with chronic hepatitis B/C (14 males and 15 females).

Index tests AFP was also measured by an automatic analyser (COBAS e 601, Roche
Diagnostics, Germany). Cut-oF value 20 ng/mL

Target condition and reference standard(s) HCC patients were diagnosed according to the 2010 update of the
American Association for the Study of Liver Diseases (AASLD) Practice
Guidelines for Management of hepatocellular carcinoma. Chronic HBV
infection was defined as a positive hepatitis B surface antigen (HBsAg)
for at least 6 months prior to the beginning of this study. Within all the
88 CHB patients, 33 were accompanied by cirrhosis.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors declared that no competing interest existed.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Han 2014  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Unclear    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Han 2014  (Continued)

 
 

Study characteristics

Patient Sampling The current study enrolled a total of 84 patients with HBV/HCV-re-
lated HCC (69 males and 15 females), 74 patients with HBV/HCV-
associated liver cirrhosis (42 males and 32 females), and 29 pa-
tients with chronic hepatitis B/C (14 males and 15 females). These
patients were admitted to Shengjing Hospital of China Medical
University (Shenyang, China) from September 2012 to October
2014. 
Age range: 28-78. Males 82%.

Patient characteristics and setting  

Index tests Serum AFP with no predefined cut-oF value

Target condition and reference standard(s) The diagnostic criteria employed were based on the guidelines for
the prevention and treatment for chronic HBV (2010 version) (39)
and diagnosis, management, and treatment of HCC (2011) (1).

Han 2018 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that they had no competing interests.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Han 2018  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Han 2018  (Continued)

 
 

Study characteristics

Patient Sampling Patients diagnosed with HCC and liver disease were enrolled at
the three centres (Peking University 1st Hospital, Xi’an Jiaotong
University 1st Hospital and The Second Hospital of Nanjing, Af-
filiated to Medical School of Southeast University) between Ju-
ly 2013 and July 2016. HCC was diagnosed according to the Asian
Pacific Association for the Study of the Liver (APASL) consen-
sus recommendations on HCC. Only newly diagnosed and treat-
ment-naive patients with HCC were enrolled. Liver disease sam-
ples were mainly from patients infected with hepatitis B virus
(HBV) or hepatitis C virus (HCV) and include samples from patients
with hepatitis and cirrhosis, which were diagnosed according to
APASL guideline.
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP concentration: no specification. Predefined cut-oF val-
ue 20 ng/mL

Target condition and reference standard(s) The Asian Pacific Association for the Study of the Liver (APASL)
HCC guidelines

Control: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Yijie Zheng is employee of Abbott Laboratories. The other authors
declared that they had no competing interests.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Hu 2018 
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Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Hu 2018  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Hu 2018  (Continued)

 
 

Study characteristics

Patient Sampling A total of 565 patients with pathologically diagnosed HCC were en-
rolled in this study.
Quote: "Patients in HCC group need to meet the following 5 crite-
ria to be included: Barcelona clinic liver cancer (BCLC) stages A,
B, or C; Edmondson–Steiner grades I, II, or III; Child-Pugh grades
A, B, or C. Patients will be excluded if they meet one of the follow-
ing: past history of HCC; blood system diseases; immune-related
diseases; organic disease outside liver; presence of other types of
cancers."
The control group comprised 441 age- and sex-matched individu-
als diagnosed with cirrhosis.

Age range not reported. Males 86%.

Patient characteristics and setting  

Index tests Serum AFP: no specification. No predefinition of the cut-oF value

Target condition and reference standard(s) HCC pathologically diagnosed as HCC; surgical resection treat-
ment

Cirrhosis - control: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Hu 2019 
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Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Hu 2019  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Hu 2019  (Continued)

 
 

Study characteristics

Patient Sampling Quote: "Between April 1996 and January 2001, 248 consecutive
patients who underwent curative surgical resection for HCC in our
institution were included as the index patients in this study."

Age range not reported. Males 73%

Patient characteristics and setting Quote: "Between April 1996 and January 2001, 248 consecutive
patients who underwent curative surgical resection for HCC in our
institution were included as the index patients in this study. Their
clinical and pathological profiles were prospectively collected and
retrospectively analysed."

Index tests Serum AFP levels were measured by using a radioimmunoassay
kit (ELSA2-AFP, CIS, Cedex, France) at the time of diagnosis.

Target condition and reference standard(s)  

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Huo 2007 
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Huo 2007  (Continued)

 
 

Study characteristics

Patient Sampling 105 patients were included, 70 of them were diagnosed with HCC.

Ibrahim 2013 
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Age range and % of males not reported

Patient characteristics and setting 105 patients were included, 70 of them were diagnosed as HCC.
These patients were divided into group 1 early stage HCC (n = 37;
male = 23, female =14), and group 2 late stage HCC (n = 43; male = 29,
female = 14), and the other 35 patients (Group 3) were with cirrhosis
(20 males and 15 females). In addition, there were about 20 healthy
controls (Group 4).

Index tests AFP and abdominal ultrasonography. Computed tomography (CT)
was done for patients groups only, except when the previous inves-
tigations suggested a possible diagnosis of HCC. Liver biopsy was
done to prove the diagnosis of hepatocellular carcinoma (group 3
only). Although the diagnosis of HCC was confirmed by any of the fol-
lowing criteria: histological evidence, demonstration of a focal lesion
> 2 cm in size and with arterial hypervascularisation by two imaging
techniques showing this morphological aspect with an AFP level of
≥ 400 ng/mL, the study research depended on histological evidence
through liver biopsy as a golden standard test to confirm the diagno-
sis of all HCC patients (Group 1 and Group 2).

Target condition and reference standard(s) Details on the diagnosis of HCC not provided

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosed

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Ibrahim 2013  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Unclear    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Ibrahim 2013  (Continued)

 
 

Study characteristics

Patient Sampling The abilities of quantitative analyses of 7 genes hypermethylation in serum
DNA, α-fetoprotein (AFP) and prothrombin-induced vitamin K absence II (PIV-
KA-II), and various combinations to detect HCC were evaluated in a training co-
hort of 164 HCV-infected patients (108 HCCs; 56 non-HCCs). Age range not re-
ported. Males 69%

Patient characteristics and setting "Our training cohort (Table 1) included 164 patients positive for HCV antibody,
all of whom were treated at Yamaguchi University Hospital between May 1998
and April 2006, and were subjected to analyses of AFP and PIVKA-II, routine
radiography, US, computed tomography (CT), magnetic resonance imaging
(MRI), and, if necessary, hepatic angiography, dynamic CT, or dynamic MRI be-
fore and after treatment."

Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) "On the basis of those imaging techniques, 108 of the 164 patients were diag-
nosed with HCC. Subsequently, 95 of these 108 patients (88.0%) bearing HCC
underwent hepatic surgery or biopsy; and all tumours from the 95 patients
were pathologically confirmed as HCC. Moreover, none of the 108 HCC patients
showed any other malignancies at enrolment. We confirmed that none of the

Iizuka 2010a 
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remaining 56 patients developed HCC during the follow-up period of more
than 2 years. Using the results of imaging techniques and pathological exami-
nations, we judged that 79 of the 164 patients (48.2%) had liver cirrhosis."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No conflicts of interest disclosure. Grant sponsors: the Ministry of Education,
Culture, Sports, Science and Technology (No. 18390366, No. 17591406 and
Knowledge Cluster Initiative); the Venture Business Laboratory of Yamaguchi
University; the New Energy and Industrial Technology Development Organiza-
tion (Grant number: 03A02018a)

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Iizuka 2010a  (Continued)
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Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Iizuka 2010a  (Continued)

 
 

Study characteristics

Patient Sampling "The abilities of quantitative analyses of 7 genes hypermethyla-
tion in serum DNA, α-fetoprotein (AFP) and prothrombin-induced
vitamin K absence II (PIVKA-II), and various combinations to de-
tect HCC were evaluated in a validation cohort comprised 262
consecutive HCV-infected patients who were enrolled in 4 distinct
institutes between May 2006 and April 2008. Out of the 262 pa-
tients, 1 was excluded due to daily intake of warfarin, which may
affect serum levels of PIVKA-II, and 3 were excluded because of
small amounts of extracted cell-free DNA (cfDNA)."

Age range not reported. Males 69%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) The detection program for HCC in individual institutes was per-
formed according to the nationwide follow-up survey conducted
by the Liver Cancer Study Group of Japan (LCSGJ). On the basis
of findings from multiple imaging modalities (US, CT, MRI, hepatic
angiography, dynamic CT, and dynamic MRI), hepatologists from
the individual institutes diagnosed 112 of the 258 patients (43.4%)
as HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Iizuka 2010b 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

266



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Notes Grant sponsors: the Ministry of Education, Culture, Sports, Science
and Technology (No. 18390366, No. 17591406 and Knowledge
Cluster Initiative); the Venture Business Laboratory of Yamaguchi
University; the New Energy and Industrial Technology Develop-
ment Organization (Grant number: 03A02018a).

No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

Iizuka 2010b  (Continued)
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If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Iizuka 2010b  (Continued)

 
 

Study characteristics

Patient Sampling This prospectively designed, cooperative study was performed from No-
vember 1992 to March 1994. Patients previously diagnosed to have chronic
hepatitis or liver cirrhosis were registered consecutively in this study if the
following criteria were satisfied: 1) HCC was not detected by ultrasonogra-
phy at the time of entry; and 2) patients agreed to close follow-up for more
and/or equal to 1 year, and had already been followed for 6 months before
entry.

Patients were excluded if they had lack of sufficient clinical data and be-
cause of loss to follow-ups during the observation period.
Age range: 24-84. % of males not reported

Patient characteristics and setting  

Index tests AFP. Levels of AFP were measured by an enzyme immunoassay with an
anti-AFP (Abott AFP-EIA kit, Dainabott Laboratory, Tokyo, Japan). No pre-
specified threshold.

Ishii 2000 
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Target condition and reference standard(s) HCC: once HCC was suspected through abdominal ultrasonography or by
serum AFP and PIVKA-II levels, CT with contrast medium and/or hepatic
angiography were performed to establish the diagnosis of HCC. In a few
cases in which the diagnosis of HCC was still equivocal. Despite the CT and
hepatic angiography, percutaneous liver biopsy was performed.

Flow and timing Out of 918 patients, 184 were excluded for lack of sufficient clinical data
(61 patients) and because of loss to follow-up during the observation peri-
od (123 patients with < 1 year of follow-up). No data on interval between
index test and reference standard

Comparative  

Notes No conflict of interest disclosure. Only acknowledgment quote: "The au-
thors thank Ezai Industries Inc. (Tokyo, Japan) for measuring PIVKA-II lev-
els and gratefully acknowledge the help of Mr. N. Magario (Eizai Industries
Inc.)."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Ishii 2000  (Continued)
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Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Ishii 2000  (Continued)

 
 

Study characteristics

Patient Sampling A case-control study of 305 cases was conducted between 2012 and 2014; 128
Egyptian (E) participants were enrolled from the National Cancer Institute
(NCI), Cairo University, and 177 Saudi (S) participants who were enrolled from
King Abdullah Medical City, Holy Makkah.

Age range not reported. Males 67%

Patient characteristics and setting Group I: a total of 57 healthy volunteers as normal control.
Group II: a total of 62 people designated as the cancer control group who had
malignancies of the gastrointestinal system other than HCC: 41 colorectal car-
cinomas, 8 pancreatic cancers, 7 stomach cancers, 4 bile duct carcinomas, and
2 peritoneal neoplasms.

Group III: 21 cases with benign hepatic lesions: 11 haemangiomas, 8 focal
nodular hyperplasias, 1 hepatocellular adenoma, and 1 hepatic cyst. All cas-
es proved to be free from malignant liver disease by imaging and fine needle
biopsy.
Group IV: a total of 99 chronic viral hepatitis cases: 34 HBV, 60 HCV, and 5 com-
bined HBV and HCV. On the basis of the calculated APRI, 41 (41.1%) cases had
low APRI indicating absence of advanced fibrosis or cirrhosis, 36 (36.4%) had
APRI values indicating advanced fibrosis, and 22 (22.2%) had high values indi-
cating cirrhosis.
Group V: 66 HCC cases. The diagnosis of HCC was based on histopathology. If
histopathology was not available, diagnosis was based on two imaging modal-
ities; MRI, CT, or contrast- enhanced ultrasound showing an enhancing vascu-
lar mass of more than 2 cm.

Index tests Serum AFP (AxSYM, Abbott Laboratories) with a cut-oF value of 20 ng/mL

Ismail 2017a 
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Target condition and reference standard(s) The diagnosis of HCC was based on histopathology; if histopathology was
not available, diagnosis was based on two imaging modalities; magnetic res-
onance imaging, computed tomography or contrast-enhanced ultrasound
showing an enhancing vascular mass of more than 2 cm.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Unclear risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear    

Ismail 2017a  (Continued)
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Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Ismail 2017a  (Continued)

 
 

Study characteristics

Patient Sampling The studied patients and controls were divided into the following
groups:
Group I (GI): included 30 patients with liver cirrhosis

Group II (GII): included 30 cirrhotic patients with HCC fulfilling HCC
criteria on tri-phasic CT scan
Group III (GIII): included 30 healthy individuals

Exclusion criteria: a past history or evidence of other malignan-
cies, autoimmune disorders, organ failure, and other causes of cir-
rhosis (e.g. alcoholic and non-alcoholic fatty liver diseases).
Age range not reported. Males 55%

Patient characteristics and setting  

Index tests Serum AFP: no specification. No definition of the cut-oF value

Target condition and reference standard(s) All studied groups were subjected to abdominal ultrasound, while
GI and GII were subjected to Tri-phasic CT scan abdomen.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Ismail 2017b 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Ismail 2017b  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Ismail 2017b  (Continued)

 
 

Study characteristics

Patient Sampling A retrospective observational study with data analysis from all pa-
tients with diagnosis of HCC or those with chronic liver disease
based on standard clinical, biochemical and US criteria with clini-
cal suspicion of HCC. The control group included patients who had
cirrhosis and who were under regular bi-anual surveillance with
US and AFP.

Age range: 44-69. Males 78%.

Patient characteristics and setting  

Index tests AFP. The study authors had taken two cut-oF values for suspecting
HCC in cirrhotic patients based on previous studies in India: 16 ng/
mL and 200 ng/mL.

Target condition and reference standard(s) HCC: CT

Control group: no criteria mentioned

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection
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Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Iyer 2018  (Continued)
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Study characteristics

Patient Sampling From 1993 to 1997 patients all patients with chronic hepatitis B or C virus
infections of at least 5-year duration were offered a screening programme
to detect HCC. Patients with Child class B or C cirrhosis, a history of hepat-
ic encephalopathy, bleeding gastroesophageal varices, ascites, or a pri-
or diagnosis of any type of malignancy were excluded from the study. The
diagnostic sensitivity and specificity of serum sIL-2R levels for the 457 pa-
tients with histologically severe liver injury were 99.0% and 95.6%, respec-
tively, compared with 80.0% and 94.7% for serum AFP levels.

Age range: 29-80. Males 61%

Patient characteristics and setting  

Index tests AFP with a prespecified cut-oF value of 10 ng/mL

Target condition and reference standard(s) HCC: when a mass lesion in the liver was detected by ultrasonography, the
serum AFP level exceeded 10 ng/mL, and/or the serum sIL-2R level exceed-
ed 850 U/mL, further diagnostic evaluation was performed using CT scan-
ning (with intravenously administered bolus contrast agent) or MRI of the
abdomen. Confirmed liver tumours were biopsied under ultrasonograph-
ic or CT guidance, and the histological diagnosis of HCC was based on rou-
tine hematoxylin and eosin staining.

Patients without HCC: follow-up after negative ultrasound findings

Flow and timing Out of 1520 patients analysed, diagnostic sensitivity and specificity of AFP
levels are given for a subgroup of patients with histologically-severe liver
injury (457 patients). No data given on interval between index test and ref-
erence standard

All CLD patients, including HCC received biopsy.

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Izzo 1999  (Continued)

 
 

Study characteristics

Patient Sampling This study included 96 cirrhotic patients who were referred to the
gastroenterologist for follow-up. 30 of them had concomitant he-
patocellular carcinoma (HCC) proved by pathology, and were se-
lected. Non-cooperative cases, severe ascites, and contraindica-
tions for MRI were excluded from the study.

Age range and % of males not reported

Jalli 2015 
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Patient characteristics and setting  

Index tests US: US of the liver was performed for each patient by Logic 7, GE,
USA, ultrasound machine, with a 3.5 MHz curve transducer and 7.5
MHz linear probe for surface evaluation. US was done by a radiol-
ogist with 10 years of experience in abdominal US. He determined
whether the lesion suspected of HCC existed or not. Radiologists
were blinded for definite diagnosis of the patients. 
US criteria for lesion assessment as HCC: radiologist's opinion

Target condition and reference standard(s) HCC: histopathological results of the lesion biopsies were consid-
ered as reference standard.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Jalli 2015  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Jalli 2015  (Continued)

 
 

Study characteristics

Patient Sampling Using 401 stored plasma samples obtained from 208 HCC patients
and 193 liver cirrhosis control patients, plasma AFP, PIVKA-II, OPN,
and DKK-1 levels were measured by ELISA.

Patient characteristics and setting  

Index tests AFP was measured using an automated quantitative enzyme
linked fluorescent assay (ELFA) with mini-VIDAS1 AFP (Biomerieux,
Marcy-L’Etoile, France) and with a cut-oF value of 20 ng/mL.

Target condition and reference standard(s) HCC was diagnosed based on histological findings or typical imag-
ing characteristics as defined by the Korean Liver Cancer Study
Group guidelines, which are similar to the American Association
for the Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funding: this study was supported by grant from bioMérieux. The
funder provided support in the form of salaries for authors [PL and
CB] but did not have any additional role in the study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.
Competing Interests: PL and CB were employed by bioMérieux.
The remaining authors had no conflicts of interest.
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    
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Could the patient flow have introduced bias?   Unclear risk  

Jang 2016  (Continued)

 
 

Study characteristics

Patient Sampling We enrolled 157 consecutive patients with newly diagnosed HCC
and 156 patients with liver cirrhosis (LC) as the control group.

Age range not reported. Males 69%.

Patient characteristics and setting  

Index tests Plasma AFP was measured using an automated enzyme-linked
chemiluminescent immunoassay (ELICA) with a cut-oF value of 20
ng/mL.

Target condition and reference standard(s) HCC was diagnosed by histological and imaging findings outlined
by the American Association for the Study of Liver Disease (AASLD)
practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Jeon 2016  (Continued)

 
 

Study characteristics

Patient Sampling A total of 1034 patients were enrolled, of whom 521 were in the co-
hort for differential diagnosis (cohort A), 447 were in the cohort for
high-risk population surveillance (cohort B), and 66 were in the treat-
ment-monitoring cohort (cohort C). Cohort B comprised individu-
als with HCC, chronic hepatitis B (CHB), and LC and HCs who were
recruited from EHBH, CZH, and RMH of Wuhan University in Hubei
Province and from NFH of Southern Medical University in Guangdong
Province from January 2013 to February 2014.
Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP was measured by the electrochemiluminescence immunoassay
(ECLIA) (Roche E170 Analyzer, Roche, Tokyo, Japan). Predefined cut-
oF value 20 ng/mL.

Target condition and reference standard(s) The diagnosis of liver cirrhosis was based on the histopathology of a
liver biopsy or clinical, laboratory, and imaging evidence when pos-
sible. Patients with cirrhosis who had elevated AFP concentrations
were required to have undergone imaging by multiple methods (ul-
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trasonography, CT, or MRI) and to have had no evidence of a hepat-
ic mass for at least 3 months before enrolment. The diagnosis of HCC
was made by abdominal ultrasonography, dynamic CT scanning, or
MRI characteristics and AFP, and it was confirmed by histopathology.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Ji 2016  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

283



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ji 2016  (Continued)

 
 

Study characteristics

Patient Sampling In this study, a total of 443 serum samples including 180 patients
with HCC, 61 patients with liver cirrhosis (LC), 99 patients with
chronic hepatitis, and 103 healthy individuals were enrolled from
November 2011 to April 2013.

Patient characteristics and setting  

Index tests Tumor markers (AFP, carcino-embryonic antigen [CEA], carbohy-
drate antigen 19-9 [CA19-9]), and liver function parameters (total
protein [TP], serum total bilirubin [STB], alanine aminotransferase
[ALT], and aspartate aminotransferase [AST]) were tested using
commercially available electrochemiluminescence immunoassay
(Roche Diagnostics Ltd., Shanghai, China)

Target condition and reference standard(s) The HCC diagnosis was based on histopathology, and if
histopathology was not available, it was performed on two imag-
ing modalities (magnetic resonance imaging, computed tomogra-
phy, or contrast enhanced ultrasound).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    
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Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Jiao 2018  (Continued)

 
 

Study characteristics

Patient Sampling 50 patients with histologically-confirmed primary hepatocellular
carcinoma were investigated at diagnosis.

Johnson 1978 
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Age range: 53-74. % of males not reported

Patient characteristics and setting 30 patients, all men, aged 53-74 years, had developed the tumour
on the basis of underlying cirrhosis. In the other 20 cases (11 men
and 9 women, aged 27-72 years), the tumour had arisen in an oth-
erwise normal liver.

Index tests Quote: "AFP concentrations were estimated using a sensitive ra-
dioimmunoassay technique capable of detecting concentrations
of 2 IU/ml (2-1 ng/mL). In contrast, positive results with the im-
munodiffusion technique may be obtained only at concentrations
above about 5000 IU/mL (5250 ng/mL). All samples were run in du-
plicate, and in those in which the concentration was above normal
(as established from 50 healthy controls from the unit staF) the as-
say was repeated at least once."

Target condition and reference standard(s) 50 patients with histologically-confirmed primary hepatocellular
carcinoma were investigated at diagnosis.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Johnson 1978  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Johnson 1978  (Continued)

 
 

Study characteristics

Patient Sampling 153 male patients with chronic liver disease attributable to HCV
infection were selected. 77 of the patients were negative for HCC,
which was confirmed by US or CT of the abdomen. Samples from
64 patients with HCC were obtained before treatment. Patients
were randomly divided into two groups; the second analysis
group (group of interest) consisted of 29 and 33 patients with and
without HCC.
Age range: 64-81. Males 100%

Patient characteristics and setting  

Index tests AFP: prespecified cut-oF at 20 ng/mL

Target condition and reference standard(s) HCC: US or CT

Flow and timing No information of interval between index test and reference stan-
dard

Reference standard: CT or US

Comparative  

Notes No data on conflicts of interest
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Kanmura 2007  (Continued)
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Could the patient flow have introduced bias?   High risk  

Kanmura 2007  (Continued)

 
 

Study characteristics

Patient Sampling Serum levels of AFP and AFP-L3 were determined in 47 patients
with HCC and 17 patients with liver cirrhosis admitted to Kasr Al-
Aini Hospital Cairo University.

Age range and % of males not reported.

Patient characteristics and setting  

Index tests AFP was assessed by ELISA technique in all patients. No pre-de-
fined cut-oF

Target condition and reference standard(s) HCC: all HCC patients were diagnosed by non-invasive criteria ap-
plied to cirrhotic patients according to the 2012 European Associa-
tion for the Study of the Liver (EASL) guidelines.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Khairy 2015  (Continued)

 
 

Study characteristics

Patient Sampling From May 1996 to November 1999, a total of 52 consecutive patients with
liver cirrhosis underwent whole liver transplantation at our institution.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Ultrasound. Quote: "Experienced radiologists (J.H.L. and W.J.L.), retro-
spectively reviewed pre-transplantation ultrasonographic studies. ATL
HDI-3000 (Advanced Technology Laboratories, Bothell, WA) and Acuson XP
(Acuson Corp, Mountain View, CA) scanners with 2.5- or 3.5-MHz transduc-
ers. All nodular lesions—hyperechoic, hypoechoic, isoechoic, and mixed
echogenic lesions larger than 1.0 cm not explainable by normal structures
and different from general normal echoes of the liver parenchyma—were
interpreted as potential HCCs. A hypoechoic or mixed echogenic lesion
with or without a peripheral hypoechoic rind or an isoechoic lesion with
a peripheral hypoechoic rind was regarded as HCC. A hyperechoic lesion
without a peripheral hypoechoic rind was regarded as a dysplastic nod-
ule."
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Target condition and reference standard(s) Explanted livers were serially sectioned in the transverse or coronal plane
at 5 mm to 10 mm intervals depending on the location of hepatic mass-
es. All nodular lesions seen at ultrasonography were matched with corre-
sponding lesions based on their segment locations on the ultrasonograms
versus their counterparts in the explanted livers. The ultrasonographic di-
agnosis was considered correct if the mass identified on ultrasonography
coincided with the anatomic location in the pathologic specimen.

Flow and timing The range of duration between ultrasonography and transplantation was
7 to 100 days (mean, 56 days).

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Kim 2001  (Continued)
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Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Kim 2001  (Continued)

 
 

Study characteristics

Patient Sampling 62 HCC patients, 60 patients with chronic liver diseases, and 60
healthy controls

Age range not reported. Males 56%

Patient characteristics and setting  

Index tests AFP levels were measured by cheminoluminescence method using
Elecsys kit (Roche Diagnostic) with no predefined cut-oF value.

Target condition and reference standard(s) HCC was diagnosed according to EASL diagnostic criteria.

Cirrhosis: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Kim 2006a 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2006a  (Continued)

 
 

Study characteristics
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Patient Sampling A case-control study was conducted in patients with hepatitis C
antibody-positive liver cirrhosis and liver cancer who visited the
hospital between March 2000 and December 2004. Patients co-in-
fected with hepatitis B virus were excluded.

Age range not reported. Males 69%

Patient characteristics and setting  

Index tests AFP: Alpha-fetoprotein was measured by Electrochemilumines-
cence Assay (Elecsys AFP, Roche, Basel, Switzerland) (normal val-
ue < 7.0 ng/mL).

Target condition and reference standard(s) HCC: either histology, AFP > 400 ng/mL, or hypervascular liver
mass on imaging

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Kim 2006b  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2006b  (Continued)

 
 

Study characteristics

Patient Sampling A total of 227 consecutive patients with HCC ( 42) or chronic liver
disease (185) were enrolled.
Age range not reported. Males 74%

Patient characteristics and setting  

Index tests Serum AFP measurement by electrochemilumino-immunoassay.
Predefined cut-oF value 20 ng/mL

Target condition and reference standard(s) HCC: histology, CT, MRI; chronic liver disease: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Kim 2006c 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Kim 2006c  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2006c  (Continued)

 
 

Study characteristics

Patient Sampling Serum AFP levels were collected in 354 patients with liver disease
and 196 patients with HCC.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: the serum AFP was measured using a routine automated
method in chemiluminescent microparticle immunoassay (ARCHI-
TECT i2000SR, Abbott). The cut-oF value for the AFP level was set
at 20 ng/mL according to the manufacturer's instruction.

Target condition and reference standard(s) HCC: all cases of HCC were diagnosed by fine-needle biopsy under
the guidance of ultrasonography and surgery.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Kim 2012  (Continued)

 
 

Study characteristics

Patient Sampling Liver cirrhosis group (LC): 35 patients with compensated hepati-
tis B virus (HBV) cirrhosis and no HCC. The cirrhosis group had at
least 1 year of follow-up from the time that serum was obtained
for these studies. Patients were diagnosed with cirrhosis, based

Kim 2014 
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on established clinical, laboratory, and imaging criteria with ultra-
sound examination.

HCC group: 60 patients before HCC treatment who were infected
with HBV were also enrolled, from whom serum samples were col-
lected and defined as the HCC group.

To reduce causal heterogeneity, HCC patients who had other types
of chronic liver disease, except for chronic hepatitis B, such as
chronic hepatitis C and alcoholic hepatitis, were excluded.

A subgroup of patients with stage I HCC was compared to the pa-
tients in the LC group.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP. Predefined cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was made per the AASLD practice
guidelines by a hepatologist with more than 20 years of experi-
ence.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes The authors have declared that no competing interests existed.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Kim 2014  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Kim 2014  (Continued)

 
 

Study characteristics

Patient Sampling During a study period of 10 years, 2074 adult liver transplant (LT)
recipients were identified. They were divided into 2 groups:
HCC (n = 970; 46.8%) and non-HCC (n = 1104; 53.2%).

Age range and % of males not reported

Patient characteristics and setting A total of 2074 patients underwent living-donor LT (n = 1825) or
deceased-donor LT (n = 249) with a mean MELD score 17.0 ± 9.3.

Index tests AFP and DCP were measured at the time of pretransplant workup. 
"The upper normal ranges of AFP and DCP in our institution are
7.5 ng/mL and 40 mAU/mL, respectively."

Target condition and reference standard(s) Patients were divided into 2 groups:
HCC (n = 970; 46.8%) and non-HCC (n =1104; 53.2%),

according to the presence or absence of viable HCC at the explant
liver.

Kim 2016 
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Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Kim 2016  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Kim 2016  (Continued)

 
 

Study characteristics

Patient Sampling 54 Korean patients with HCC and 26 Korean patients with liver cir-
rhosis were obtained from Samsung Medical Center (Seoul, South
Korea).

Age range not reported. Males 63.5%.

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue 20 ng/mL

Target condition and reference standard(s) HCC histology

Cirrhosis: no definition

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes The authors declare no conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Kim 2018 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

302



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Kim 2018  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2018  (Continued)

 
 

Study characteristics

Patient Sampling A prospective cohort the Seoul National University Hospital
(Seoul, Republic of Korea). The training set comprised 53 patients
with very early or early HCC based on the Barcelona Clinic Liv-
er Cancer staging system [1], 47 patients with cirrhosis and 50
healthy controls enrolled between January 2014 and August 2017
as part of an ongoing study.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No pre-definition of
the cut-oF value

Target condition and reference standard(s) HCC was mostly diagnosed based on the noninvasive criteria of an
international guideline [1,2]. Cirrhosis was diagnosed based on ei-
ther histological or clinical findings.

Flow and timing No data on interval between index test and reference standard.

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Kim 2019 
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If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Kim 2019  (Continued)
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Could the patient flow have introduced bias?   High risk  

Kim 2019  (Continued)

 
 

Study characteristics

Patient Sampling The test set for the validation of the biomarker signatures con-
sisted of 82 patients with very early or early HCC and 80 patients
with cirrhosis from an independent study evaluating the metage-
nomics profiling of HCC between April 2017 and October 2018.

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No pre-definition of
the cut-oF value

Target condition and reference standard(s) HCC was mostly diagnosed based on the noninvasive criteria of an
international guideline [1,2]. Cirrhosis was diagnosed based on ei-
ther histological or clinical findings.

Age range and % of males not reported

Flow and timing No data on interval between index test and reference standard.

Comparative  

Notes The authors declare no conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Kim 2019a 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2019a  (Continued)
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Study characteristics

Patient Sampling We prospectively enrolled patients with compensated liver cirrho-
sis at Severance Hospital Yonsei University from Jannuary 2007 to
June 2010.
The exclusion criteria were as follows: HCC at enrolment or past
history of it, HCC development within 6 months after enrolment,
decompensated cirrhosis, co-infection with human immunodefi-
ciency virus, and loss to follow-up.
Age range not reported. Males 63.5%

Patient characteristics and setting  

Index tests Serum AFP measurement. no specification. Predefined cut-oF val-
ue 20 ng /mL and 7 ng/mL

Target condition and reference standard(s) Patients received HCC surveillance using US and AFP measure-
ment at least every 6 months. The diagnosis of HCC was estab-
lished based on the guideline of the AASLD.

Flow and timing No data on interval between index test and reference standard.

Comparative  

Notes The authors disclose no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Kim 2019b 
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DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kim 2019b  (Continued)
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Patient Sampling Patients have been routinely in surveillance for HCC and regis-
tered from 2006 -2009 on eHEPAR III database. 89 with cirrhosis
and 29 with HCC The data were prospectively collected.

Age range not reported. Males 65%

Patient characteristics and setting  

Index tests AFP determined by VITROS AFPimmunoassay; the optimal cut-oF
was derived from data.

Target condition and reference standard(s) In all participants, US, CT, MRI were performed.

Flow and timing No data on interval between index test and reference standard.

Comparative  

Notes No conflicts of interest reported; funded by a prophylactic pro-
gram eHEPAR III

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Krygier 2011  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Krygier 2011  (Continued)

 
 

Study characteristics

Patient Sampling A total of 656 Japanese patients with HBV- or HCV-related liver cir-
rhosis considered at very high risk for HCC development were en-
rolled. Patients were included if they were aged > 20 years; had
HBV- or HCV-related liver cirrhosis (confirmed by liver biopsy or
radiologically); portal hypertension or platelet count < 130,000/
mL; and no history of HCC; and if they provided informed consent.
Patients were excluded if they had a history of hypersensitivity to
egg yolk, severe liver dysfunction (AST, ALT, or bilirubin > 10× ULN),
cirrhosis associated with HCC, and treatment with interferon, and
were aged < 20 years or judged inappropriate for inclusion by the
study investigator. 38 participants discontinued the follow-up and
were not included in the analyses.

Age range: 58-74. Males 42%

Patient characteristics and setting  

Index tests B mode US. No predefinition of positivity criteria

Target condition and reference standard(s) CT/MRI every 8 months

Flow and timing No data on interval between index test and reference standard.

Comparative  

Notes Masatoshi Kudo received honoraria from Daiichi-Sankyo and GE
HealthCare. The remaining authors had no conflicts of interest.
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Kudo 2019  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Kudo 2019  (Continued)

 
 

Study characteristics

Patient Sampling Out of 2830 patients positive for hepatitis B surface antigen (HBsAg)
or anti-hepatitis C virus (HCV) antibody, who visited the Department
of Gastroenterology and Hepatology, 1214 patients met the eligibil-
ity criteria: HBsAg- or HCV RNA-positive for more than 6 months, fol-
low-up period of > 3 years before HCC diagnosis, availability of sera
sampled at least twice at 12-month intervals, maximal tumour diam-
eter < 3 cm, and 3 nodules or less at diagnosis, and no oral intake of
warfarin which is a DCP-inducing agent.

Of these 1214 patients, 114 patients had HCC and 1100 patients had
no evidence of HCC during the follow-up period.

To reduce the confounding effects of covariates between HCC and
control patients, we selected patients using propensity score match-
ing. We were able to match 104 patients with developed HCC to 104
non-HCC developing patients.

Age range: 14-84. Males 56%

Patient characteristics and setting  

Index tests AFP. No explicit info on AFP cut-oF being predefined

Target condition and reference standard(s) HCC: 45 patients were diagnosed as HCC histologically (surgical spec-
imen, 39 patients; US-guided needle biopsy specimens, 6 patients).
The remaining 59 patients were diagnosed as patients with HCC,
showing typical findings of dynamic MRI including hypervascular in
the arterial phase with washout in the portal venous or delayed phase.

Patients with liver cirrhosis (LC): US, MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes All authors declared that there were no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Kumada 2014  (Continued)

 
 

Study characteristics

Patient Sampling From January 1988 to December 1997, 253 patients diagnosed
with hepatic cirrhosis with hepatitis B virus infection were ex-
amined with hepatitis B markers, biochemical tests, serum α-FP,
screening tests, and ultrasound.

Lee 2004 
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Age range: 33-55. Males 68%

Patient characteristics and setting  

Index tests AFP: serum α-FP levels were measured using the Medgenix α-
FPIRMA kit (Biosource, Nivelles, Belgium). AFP cut-oF predefined.
Quote: "When we defined cut-oF values of serum α-FP as 20, 100
and 500 ng/mL, the corresponding sensitivity and specificity for
HCC were 62.9% and 24.0%, 7.4% and 54.2%, 77.3% and 91.9%, re-
spectively."

Target condition and reference standard(s) HCC: patients who had elevated serum α-FP underwent liver ul-
trasonography (US) and abdominal computed tomography (CT)
was performed to confirm the presence of liver cancer. Hepatic
angiography and hepatic biopsy were performed if necessary.

Flow and timing No information in interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Lee 2004  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Lee 2004  (Continued)

 
 

Study characteristics

Patient Sampling 120 patients, diagnosed with HCC for the first time at Korea Uni-
versity Guro Hospital between July 2007 and March 2011, was re-
cruited for this study. The diagnosis of HCC was based on typical
imaging patterns and/or histologic examinations conducted ac-
cording to the AASLD practice guidelines, proposed in 2005.

Age range not reported. Males 79%

Patient characteristics and setting  

Index tests The optimal cut-oF values were calculated using the maximum
sum of sensitivity and specificity.

Target condition and reference standard(s) The diagnosis of HCC was based on typical imaging patterns and/
or histological examinations conducted according to the AASLD
practice guidelines proposed in 2005. Blood samples from 40 pa-
tients with CLD, but without HCC, were obtained.

Flow and timing No information on interval between index test and reference stan-
dard.

Comparative  

Notes No potential conflicts of interest relevant to this article was re-
ported.

Lee 2014 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Lee 2014  (Continued)
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Could the patient flow have introduced bias?   High risk  

Lee 2014  (Continued)

 
 

Study characteristics

Patient Sampling In this retrospective study, 95 patients with chronic hepatitis B
who were diagnosed with a small HCC (≤ 2 cm) or a cirrhotic nod-
ule between July 2014 and September 2015 were involved. The
patient inclusion criteria were as follows: (1) ElastPQ measure-
ments were performed on lesion and background liver, (2) lesion
nature was confirmed by pathology or at least 2 of the three con-
trast-enhanced imaging modalities (CEUS, CECT, or CEMRI), and
(3) the cirrhotic nodule had follow-up for more than 6 months with
no malignancy changes observed in physical examinations.

Age range: 38-61. Males 87%

Patient characteristics and setting  

Index tests AFP: threshold pre-specified: cut-oF ≤ 20 ng/mL

Target condition and reference standard(s) In the small HCC group, 53 patients were included, with 26 pa-
tients confirmed by pathology and 27 patients confirmed by at
least 2 of the 3 contrast enhanced imaging modalities (CEUS,
CECT, CEMRI).

Case-control study

Flow and timing Reference standard: pathology, contrast-enhanced ultrasound,
contrast-enhanced CT, contrast-enhanced MRI

No data on interval between index test and reference standard

Comparative  

Notes The authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

Li 2016a 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

318



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Li 2016a  (Continued)

 
 

Study characteristics

Patient Sampling This study included 435 chronic hepatitis B patients (G1) and 195 pre-
clinical patients (G2) defined as samples longitudinally collected from
the same patients as G1, but at an average of 6 months prior to diag-
nosis. They were divided into 3 cohorts: discovery, training, and vali-
dation cohort. Data for accuracy of AFP is provided in training and val-
idation cohorts.

Inclusion criteria:

Li 2016b 
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G1 group: (A) No HCC was diagnosed at least one year after G3 time
point; (B) Traditional ultrasound and AFP tests were performed on
that patient for cancer screening and the data are available.

G2 group: (A) No tumours and chronic diseases unrelated to the liver.
(B) Traditional ultrasound and alpha-fetoprotein (AFP) tests was per-
formed on that patient once every 6 months for HCC screening, and
the data are available to allow assessment of sensitivity and specificity
for the biomarkers.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: AFP cut-oF not pre-specified. Quote: "The optimal cutoff value
was determined by following criteria: A). maximizing the sum of sen-
sitivity and specificity; B). minimizing the overall error (square root of
the sum [1-sensitivity]2+[1-specificity]2) ; C). minimizing the distance
of the cutoff value to the top-leS corner of the ROC curve"

Target condition and reference standard(s) HCC: NCCN guidelines (CT, MRI)

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No conflicts of interest exist. The authors have no financial relation-
ship to disclose.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Li 2016b  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Li 2016b  (Continued)

 
 

Study characteristics

Patient Sampling This study included 435 chronic hepatitis B patients (G1) and 195 pre-
clinical patients (G2) defined as samples longitudinally collected from
the same patients as G1, but at an average of 6 months prior to diag-
nosis. They were divided into 3 cohorts: discovery, training and valida-
tion cohort. Data for accuracy of AFP is provided in training and valida-
tion cohorts.

Inclusion criteria:

G1 group: (A) No HCC was diagnosed at least one year after G3 time
point; (B) Traditional ultrasound and AFP tests were performed on
that patient for cancer screening and the data are available.

G2 group: (A) No tumours and chronic diseases unrelated to the liver.
(B) Traditional ultrasound and alpha-fetoprotein (AFP) tests was per-
formed on that patient once every 6 months for HCC screening, and
the data are available to allow assessment of sensitivity and specificity
for the biomarkers.

Age range and % of males not reported

Li 2016c 
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Patient characteristics and setting  

Index tests AFP: AFP cut-oF not pre-specified. Quote: "The optimal cutoff value
was determined by following criteria: A). maximizing the sum of sen-
sitivity and specificity; B). minimizing the overall error (square root of
the sum [1-sensitivity]2+[1-specificity]2); C). minimizing the distance
of the cut-oF value to the top-leS corner of the ROC curve"

Target condition and reference standard(s) HCC: NCCN guidelines (CT, MRI)

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "No conflicts of interest exist. The authors have no financial relation-
ship to disclose."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Li 2016c  (Continued)
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Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Li 2016c  (Continued)

 
 

Study characteristics

Patient Sampling All study participants were enrolled at 302 Military Hospital of Chi-
na, Beijing, China, and were followed up during the study period
of 36 months, until confirming HCC diagnosis or the date of study
end (December 31, 2016).

Age range: 40-52. Males 100%

Patient characteristics and setting A total of 109 patients met the inclusion criteria and were
analysed. All participants had a mean age of 53.9 (SD = 9.7) years,
were 60.6% male, 94.5% were with a history of HBV infection (see
Table 1). During 36 months of follow-up, 34 out of 109 cirrhotic pa-
tients were confirmed to have HCC eventually (31.2%).

Index tests AFP and AFPL3 were measured by Automated Immunoassay Ana-
lyzer (COBAS6000, ROCHE, Switzerland) with no predefined cut-oF
value.

Target condition and reference standard(s) Guidelines of the Ministry of Health of the People's Republic of
China

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Li 2017a 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Li 2017a  (Continued)
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Study characteristics

Patient Sampling Participants were recruited from a previous cohort (Long An cohort),
which comprised of 2258 HBsAg-positive study participants. This group
included a subgroup of participants with basal core promotor (BCP) dou-
ble mutations (1261) and another subgroup of wild type BCP (997). Par-
ticipants in this study were recruited from the male mutant group from
the Long An cohort, and included a total of 300 participants.

A prospective cohort study to determine the accuracy of AFP for HCC in
those infected with HBV.

Age range not reported. Males 61%

Patient characteristics and setting  

Index tests AFP: AFP was tested using Diagnostic Kit for the Quantitative Determina-
tion of Alpha-feto-protein (ELISA) (Beijing Wantai Biological Pharmacy
Enterprise Co., Ltd., Beijing, China) according to the manufacturer’s in-
structions. The cut-oF value of AFP for HCC was set at 20 ng/mL.

Target condition and reference standard(s) From the Long An cohort: The diagnosis was made by one or more of the
following:

(i) surgical biopsy;

(ii) elevated serum AFP (levels ≥400 ng/mL), excluding pregnancy, geni-
tal cancer and other liver diseases including metastasis of tumours from
other organs, plus clinical symptoms or one image (US or computed to-
mography, CT);

(iii) elevated serum AFP (levels <400 ng/mL), excluding pregnancy, geni-
tal cancer and other liver diseases including metastasis of tumours from
other organs, plus two images (US and CT) or one image (US or CT) and
two positive HCC markers such as DCP, GGT II, AFU, CA19-9.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No info on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Li 2017b 
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Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Li 2017b  (Continued)

 
 

Study characteristics

Patient Sampling Between October 2017 and March 2019, a total of 411 consecutive
patients with early HCC and LC were enrolled in the current case-
control study.

Age range not reported. Males 72.55%

Li 2019a 
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Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No definition of a pre-
defined cut-oF value

Target condition and reference standard(s) HCC diagnosis was based on pathology or typical radiological re-
sults of HCC on two dynamic image examinations or one dynam-
ic technique with serum AFP level ≥ 200 ng/mL. Liver cirrhosis was
diagnosed by histology or on clinical findings with abdominal US,
CT, and MRI features of blunted, nodular liver edge accompanied
by splenomegaly and oesophageal varices.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors reported no conflicts of interest in this work.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Li 2019a  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Li 2019a  (Continued)

 
 

Study characteristics

Patient Sampling The study assessed 111 serum samples obtained from individuals
in China with no liver disease (n = 26), chronic hepatitis B without
cirrhosis (n = 21), HBV-infected cirrhosis (n = 32), or HBV-infected
HCC (n = 32).
Age range non reported. Males 68%

Patient characteristics and setting  

Liao 2012 
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Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) The diagnosis of HCC was based on histopathology.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosed

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Liao 2012  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liao 2012  (Continued)

 
 

Study characteristics

Patient Sampling Between January 2000 and July 2001, a total of 52 patients with liver
cirrhosis underwent liver transplantation at our institution.

Age range not reported. Males 46%

Patient characteristics and setting  

Index tests On US, hyperechoic, hypoechoic, and mixed echogenic nodular le-
sions were interpreted as HCC.

Target condition and reference standard(s) "After explantation, the cirrhotic liver was fixed in formalin for 24 to 48
hours. Subsequently, the liver was sectioned at 5-mm intervals, and
each section was carefully inspected. Every lesion that was macro-
scopically different from the surrounding liver tissue in terms of size,
colour, texture, or degree of bulging beyond the cut surface was re-
moved and embedded in paraffin. Maximal diameter and segmental
localization of each focal lesion was noted. Liver segments were de-
fined according to Couinaud. Four-micron thick sections were made
from the paraffin-embedded material and routinely stained with
hematoxylin and eosin and Gordon and Sweet reticulin.Microscopic
examination of sections was performed by two hepato-pathologists
(L.L. and T.R.) in consensus using a multi-headed microscope.After ex-
plantation, the cirrhotic liver was fixed in formalin.Each focal lesion
was classified according to internationally accepted criteria as low-
grade dysplastic nodule (LGDN), high-grade dysplastic nodule (HGDN),
HCC, or other type of lesion."

Flow and timing Mean intervals between imaging examination and transplantation
were 70+/- 50 days (range, 2 days to 166 days)

Comparative  

Notes No conflicts of interest disclosed

Methodological quality

Libbrecht 2002 
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Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Libbrecht 2002  (Continued)
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Study characteristics

Patient Sampling This retrospective study enrolled 361 cirrhotic patients with HCC,
and 276 cirrhotic patients without HCC occurrence.
Age range not reported. Males 68%

Patient characteristics and setting  

Index tests The measurements of AFP and AFP-L3 were performed using the
mTAS assay (Wako Pure Chemical Industries, Ltd, Osaka, Japan),
and PIVKA-II was analysed by an enzyme immunoassay (Fujirebio
Inc., Tokyo, Japan). The cut-oF values of AFP (20 and 200 ng/mL)
and PIVKA-II (40 and 100 mAU/mL) were used.

Target condition and reference standard(s) The diagnosis of HCC was made either histologically or non-inva-
sively, and based on the guidelines of the American Association for
the Study of Liver Diseases (AASLD) or the European Association
for the Study of the Liver (EASL).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosed

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Lim 2015 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   Unclear risk  

Lim 2015  (Continued)

 
 

Study characteristics

Patient Sampling A total of 198 consecutive patients entered the study from August
1996 to December 1998. This included 122 previously untreated
patients with cirrhosis and HCC. The remaining 76 patients with
cirrhosis alone were studied as controls.

Quote: "As only a few patients with HCC (9/122) were classified as
Child C, they were excluded from the differential diagnosis, which
included all other patients with HCC and 50 controls classified as
Child A and B to avoid a possible bias caused by higher incidence
of Child C-classified controls."

Age range: 24-89. Males 66.2%

Patient characteristics and setting  

Index tests AFP: the serum AFP levels were detected by radioimmunoassay
(Abbott Laboratories). The normal range was < 20 ng/mL.

Lin 2000 
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Target condition and reference standard(s) HCC: the diagnosis was made by ultrasound-guided percutaneous
aspiration cytology or biopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No info on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Lin 2000  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Lin 2000  (Continued)

 
 

Study characteristics

Patient Sampling In total, we collected 1416 serum samples from five groups of partici-
pants: healthy controls, inactive HBsAg carriers, patients with chron-
ic hepatitis B, patients with HBV-induced liver cirrhosis, and patients
with diagnosed hepatocellular carcinoma.
Age range: 39-57. Males 83%

Patient characteristics and setting The recruited participants were defined as healthy individuals, inac-
tive HBsAg carriers, patients with chronic hepatitis B, patients with
HBV-induced liver cirrhosis, or patients with hepatocellular carcinoma
by medical doctors, according to eligibility criteria listed in the Appen-
dix.

Index tests The miRNA classifier established in the training stage was initially val-
idated in two cohorts of patients with hepatocellular carcinoma and
controls. These two validation cohorts were independent of the dis-
covery cohort and training cohort and were also independent of each
other. They were recruited at different times or different hospitals. We
compared the ability of the classifier to diagnose hepatocellular carci-
noma with the performance of α-fetoprotein at two commonly used
cut-oFs of 20 ng/mL (AFP20) and 400 ng/mL (AFP400).

Target condition and reference standard(s) Patients with hepatocellular carcinoma were diagnosed based on
at least two imaging technologies (i.e. hepatic ultrasound togeth-
er with CT, or MRI, or both), and most cases were further confirmed
histopathologically according to the AASLD guidelines.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

Lin 2015 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

335



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Lin 2015  (Continued)
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Study characteristics

Patient Sampling 335 participants including early-stage HCC, liver cirrhosis (LC),
chronic hepatitis B (CHB), and healthy people as controls (HC)
were enrolled in two cohorts.

Age range not reported. Males 70%

Patient characteristics and setting Cohort I: 26 patients with early-stage HCC, 22 with liver cirrhosis
(LC), 23 with chronic hepatitis B (CHB), and 22 healthy controls
Cohort II: 96 patients with early-stage HCC, 39 with LC, 51 with
CHB, and 56 healthy controls
In both cohorts, HCC patients were complicated with both cirrho-
sis and HBV infection, and LC patients were also HBV-positive.

Index tests Serum samples were collected from all participants in both co-
horts.

Target condition and reference standard(s) HCC: histopathology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Lin 2016 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Lin 2016  (Continued)

 
 

Study characteristics

Patient Sampling Patients were recruited from 4 hospitals in Beijing (Youan Hospi-
tal, Wujing Hospital, Ditan Hospital, and Beida Hospital), from the
Nanjing 2nd Hospital in Nanjing, and from Shanghai Hospital in
Shanghai, China. In total, 497 HBV-infected patients with chronic
liver diseases were recruited. The study included 227 cases with
HCC and cirrhosis, and 80 cases with cirrhosis. 47 were excluded
because of metastasis, autoimmune liver disease, drug related he-
patitis, alcoholic hepatitis, or obstructive jaundice.

Age range: 39-64. Males 83%

Patient characteristics and setting  

Index tests AFP: no explicit data on AFP cut-oF value being prespecified

Target condition and reference standard(s) HCC: 227 patients with cirrhosis and HCC were diagnosed histolog-
ically by biopsy, autopsy, and surgical specimens, and clinically by
ultrasonography and/or computed tomography scanning in a reg-

Liu 2007 
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ular examination, and this was combined with the measurement
of AFP (cut-oF of 20 ng/mL).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Potential conflict of interest: nothing to report

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Unclear    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Liu 2007  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liu 2007  (Continued)

 
 

Study characteristics

Patient Sampling 107 patients admitted to Beijing Youan Hospital, Capital Medical
University from January 2006 to December 2008 were recruited in
this study and divided into HCC group (n = 75) and liver cirrhosis
group (n = 32).
Age range: 45-65. Males 74%

Patient characteristics and setting  

Index tests AFP: serum AFP levels were measured by electrochemilumi-
nescence (Abbott, USA) and GPC3 levels were measured by en-
zyme-linked immunosorbent assay (ELISA; BioMosaics Company,
USA), following their manufacturer’s instructions.

The cut-oF value was set at 400 μg/L according to the guidelines
of clinical diagnosis and staging criteria for primary hepatocellular
carcinoma (HCC) established by Chinese Society of Liver Cancer in
2001.

Target condition and reference standard(s) HCC: diagnostic criteria: 1) hepatic space-occupying lesion with
a serum AFP level ≥ 400 μg/L; and 2) serum AFP level < 400 μg/
L, but with new hepatic space occupying lesions, arterial phase
enhancement on computed tomography or magnetic resonance
imaging.

Liver cirrhosis (LC): patients in LC group were followed up at least
for 2 years.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Liu 2010a 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liu 2010a  (Continued)
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Study characteristics

Patient Sampling The study enrolled 360 participants, including 240 patients with
HCC, 29 patients with liver cirrhosis (LC), 66 patients with chron-
ic hepatitis B (CHB), and 25 with hepatic cirrhosis, at the Depart-
ment of Hepatology, Qilu Hospital of Shandong University from
July 2014 to July 2015.

A history of other tumours, human immunodeficiency virus or au-
toimmune liver diseases, alcoholic liver disease, nonalcoholic fat-
ty liver disease, and other causes of chronic liver disease were the
exclusion criteria.

Age range: 18-83. Males 69%

Patient characteristics and setting  

Index tests AFP: AFP concentrations higher than 20 ng/mL were considered
abnormal.

Patients with AFP ≥ 20 ng/ml or methylated SOX1 and VIM were re-
garded as positive. Patients with AFP < 20 ng/mL and unmethylat-
ed SOX1 and VIM were regarded as negative.

Target condition and reference standard(s) HCC: all patients with HCC were diagnosed according to the cri-
teria of the American Association for the Study of Liver Diseases
(AASLD) practice guidelines, updated in 2010.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

Liu 2017 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liu 2017  (Continued)

 
 

Study characteristics

Patient Sampling From April 2016 to July 2017, blood samples were obtained from
the Zhongnan Hospital of Wuhan University, including 4 groups:
80 preoperative samples of HCC, 83 samples of cirrhosis, 60 sam-
ples of chronic hepatitis B, and 83 healthy control (samples col-
lected from the Physical Examination Center of the Zhongnan
Hospital of Wuhan University).

Age range not reported. Males 78%

Patient characteristics and setting  

Index tests AFP: to assess whether plasma SNHG18 could be used as a poten-
tial diagnostic marker for HCC, receiver–operating characteristic
curve (ROC) was constructed by 5 models: HCC versus the healthy
control, HCC with AFP levels below 200 ng/mL versus the healthy

Liu 2018 
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control, HCC versus cirrhosis, HCC with AFP below 200 ng/mL ver-
sus cirrhosis with AFP also below 200 ng/mL, and hepatitis B ver-
sus the healthy control.

Target condition and reference standard(s) HCC: all patients had been pathologically diagnosed as HCC, none
of whom had previously undergone radiotherapy or chemothera-
py treatment.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this arti-
cle.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Liu 2018  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Liu 2018  (Continued)

 
 

Study characteristics

Patient Sampling "In our retrospective study, the participants, including HCC group
(newly diagnosed), and control patients with chronic hepatitis B
infections (CHB), chronic hepatitis C infections (CHC), non-viral
liver diseases, cirrhosis, cholangiocarcinoma were enrolled from
the First Hospital of Jilin University (Changchun, China) between
March 2012 and March 2017.
Inorder to determine whether AFP was associated with the liver in-
flammation, only patients with abnormal liver function (defined
as AST and ALT exceeding the upper limit of normal value at the
same time) were included in the study."

The exclusion criteria were:
1. Unavailable AFP value.
2. Undergoing extrahepatic acute diseases.
3. Any types of malignancy for patients with the exception of he-
patobiliary system.
Age range not reported. Males 68%

Patient characteristics and setting  

Index tests Serum AFP was measured quantitatively by electrochemilumines-
cence (Cobas e601, Roche).

No predefinition of a cut-oF value

Target condition and reference standard(s) The HCC diagnosis was confirmed with histological findings or
typical imaging characteristics according to the guidelines of the
European Association for the Study of the Liver (EASL). The diag-
nosis of cirrhosis or other liver diseases were based on clinical in-
dicators and imageological examination in accordance with the
international guidelines.

Liu 2019 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Liu 2019  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liu 2019  (Continued)

 
 

Study characteristics

Patient Sampling "Participants were recruited from May 2016 to July 2018 at the De-
partment of Hepatology, Qilu Hospital of Shandong University in-
cluding 105 patients with HBV-HCC, 54 patients with chronic he-
patitis B (CHB), and 32 healthy controls. The following inclusion
criteria were set:
(1) patients > 18 years old; (2) patients with measurable, histologi-
cally-proven hepatocellular carcinoma; (3) patients with the clear
history of chronic HBV infection.
The following exclusion criteria were set: (1) age > 80 years; (2)
metastatic disease; (3) patients with a history of other tumours;
(4) coinfection with hepatitis virus other than HBV or autoimmune
hepatitis (AIH); (5) patients with drug-induced liver injury (DILI);
(6) patients with alcoholic liver disease (ALD) or non-alcoholic fat-
ty liver disease (NAFLD); (7) patients previously received surgery,
chemotherapy or radiotherapy."

Age range 51-64. Males 86%

Patient characteristics and setting  

Liu 2020 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

347



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue: 400 ng/mL

Target condition and reference standard(s) Patients were diagnosed with HBV-HCC based on the finding from
ultrasound, enhanced computed tomography (CT), magnetic res-
onance imaging (MRI), alpha-fetoprotein (AFP) serology, and nee-
dle biopsy of the liver.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Liu 2020  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Liu 2020  (Continued)

 
 

Study characteristics

Patient Sampling This single centre cohort study was conducted on 64 consecutive
patients with nucleotid analogs (NUCs) suppressed liver cirrhosis
with HCC (HCC group) and 148 HBV NUC suppressed cirrhotic pa-
tients (control group) who remained HCC-free for 84 months after
serum collection.

Patients in anticoagulant therapy were excluded.
Age range not reported. Males 80%

Patient characteristics and setting  
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Index tests AFP: AFP levels were tested by standard techniques with no prede-
fined cut-oF value.

Target condition and reference standard(s) HCC: reference standard not specified

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes Galli C - Abbott diagnostics - employment

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Loglio 2018  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Loglio 2018  (Continued)

 
 

Study characteristics

Patient Sampling All consecutive HCC-free Caucasian HBsAg-positive mono-infected pa-
tients with compensated cirrhosis starting tenofovir (TDF) or enticavir
(ETV) between October 31, 2006 and April 1, 2014 at two tertiary Liver Cen-
ters in Milan, Italy, were evaluated for inclusion in this longitudinal cohort
study, having a normal AFP levels at baseline, or within the first year of
therapy.
28 patients were excluded from the study: 17 patients received TDF/ETV
for less than one year, 3 developed HCC within the first year of treatment,
2 did not have regular monitoring of serum AFP, 3 had significant alcohol
abuse (> 60 g/day for men and > 40 g/day for women assessed by patient's
clinical interviews), and 5 who did not normalise AFP levels within the first
year despite virological suppression.
Age range: 21-83. Males 82%

Patient characteristics and setting  

Index tests Serum AFP levels were determined by ImmunoAssay in Electrochemistry
Luminescence ‘ECLIA’. Predefined cut-oF value 7 ng/mL

Target condition and reference standard(s) Contrast-enhanced computed tomography (CT) or magnetic resonance
imaging techniques were performed if liver ultrasound could not careful-
ly evaluate the whole hepatic parenchyma during surveillance. As for in-
ternal protocol, whenever serum AFP increased > 7 ng/mL in patients with
normal ALT levels and permanent undetectable HBV-DNA, with no lesion
detected by US, a CT scan or an MRI was performed within 3 months to-
gether with a new AFP determination. In patients with negative CT or MRI
but still serum AFP levels persistently above the upper normal limit, a CT
or MRI was repeated every 3 months.

Flow and timing The recurrence standard was performed within three months after the in-
dex test

Comparative  

Notes Conflicts of interest: Massimo Iavarone: Speaking and Teaching: Bayer,
Gilead Science, Janssen, BTG, Abbvie; Consultant for BTG. Mauro Viganò:
Speaking and Teaching: Roche, Gilead Sciences, BMS. Mariagrazia Rumi:
Speaking and Teaching: MSD, Abbvie, Gilead; Advisory board: Abbvie.
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Angelo Sangiovanni: speaker bureau for Bayer, Gilead Science, Janssen,
BTG, Abbvie, Novartis, Advisory board for Tiziana science. Massimo
Colombo: Grant and research support: BMS, Gilead Sciences; Advisory
Committees: Merk, Roche, Novartis, Bayer, BMS, Gilead Sciences,
Tibotec, Vertex, Janssen Cilag, Achillion, Lundbeck, GSK, GenSpera, Abb-
Vie, Alfa Wasserman; Speaking and teaching: Tibotec, Roche,
Novartis, Bayer, BMS, Gilead Sciences, Vertex, Merk, Janssen, Abbvie.
Pietro Lampertico: Speaking bureau/advisory boards: BMS, Roche,
Gilead Sciences, GSK, MSD, Abbvie and Janssen, Eiger, Myr Pharma

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

     

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Loglio 2019  (Continued)
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Were the index test results interpreted without knowl-
edge of the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test
have introduced bias?

     

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Loglio 2019  (Continued)

 
 

Study characteristics

Patient Sampling A nested case-control study was used to compare the accuracy of AFP and DCP in the detection
of HCC during a 12-month period before the diagnosis of HCC. For this study, all 39 HCC cas-
es (33 definite [32 histologically confirmed] and 6 presumed) diagnosed between randomisa-
tion and 3.8 years after randomisation were included. For each case, 2 controls without HCC —
matched for treatment assignment, presence of cirrhosis on baseline biopsy, and length of fol-
low-up — were selected.

Age range: 43-60. Males 78%

Patient characteristics and setting  

Index tests AFP levels at enrolment and every 3 months were tested at the local clinical laboratories. Cut-
oF values 20 ng/mL and 200 ng/mL

Lok 2010 
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Target condition and reference
standard(s)

Two definitions of HCC were adopted as described previously: 1 for “definite” HCC and 1 for
“presumed” HCC.
Definite HCC was defined by histologic confirmation or a new mass lesion on imaging with AFP
levels increasing to 1000 ng/mL. Presumed HCC was defined as a new mass lesion on ultra-
sound in the absence of histology and AFP 1000 ng/mL in conjunction with 1 of the following
characteristics: (1) 2 liver imaging studies showing a mass lesion with characteristics of HCC
(arterial enhancement wash out), (2) progressively enlarging lesion on ultrasound leading to
death, or (3) 1 additional imaging study showing a mass lesion with characteristics of HCC that
either increased in size over time or was accompanied by AFP level 200 ng/mL and more than
tripling of baseline value. All cases of HCC were adjudicated by an outcomes review panel to as-
certain that they met predefined diagnostic criteria and to determine the date when these cri-
teria were first met.

Ultrasound examinations were repeated 6 months after enrolment and again every 12 months.
Patients with an elevated or rising AFP and those with new lesions on ultrasound were evaluat-
ed further by CT or MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Conflicts of interest
The authors disclose the following:
"Financial relationships of the authors with Hoffmann-La Roche, Inc.,are as follows: A.S. Lok
is a consultant; R.K. Sterling is a consultant, receives research support, and is on the speak-
er’s bureau; J.C. Hoefs is on the speaker’s bureau; T.R. Morgan is a consultant, on the speaker’s
bureau, and receives research support; A.M. Di Bisceglie is a consultant, on the speaker’s bu-
reau, and receives research support; W.M. Lee receives research support; and H.L. Bonkovsky
receives research support. Financial relationships of the authors with Eisai Co, Ltd, are as fol-
lows: A.S. Lok receives research support. The remaining authors disclose no conflicts.

Funding
Supported by the National Institute of Diabetes & Digestive & Kidney Diseases (contract num-
bers are listed below); the National Institute of Allergy and Infectious Diseases (NIAID); the Na-
tional Cancer Institute; the National Center for Minority Health and Health Disparities; by Gen-
eral Clinical Research Center and Clinical and Translational Science Center grants from the Na-
tional Center for Research Resources and
National Institutes of Health (grant numbers are listed below); by Eisai Co, Ltd, through a Ma-
terials Cooperative Research and Development Agreement (M-CRADA) with the National In-
stitutes of Health for testing of des--carboxy prothrombin; and by Hoffmann–La Roche, Inc,
through - a Cooperative Research and Development Agreement (CRADA) with the National In-
stitutes of Health."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sam-
ple of patients enrolled?

Yes    

Was a case-control design avoid-
ed?

Yes    

Did the study avoid inappropriate
exclusions?

No    

Lok 2010  (Continued)
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Could the selection of patients
have introduced bias?

  High risk  

Are there concerns that the in-
cluded patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results inter-
preted without knowledge of the
results of the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpreta-
tion of the index test have intro-
duced bias?

  Low risk  

Are there concerns that the in-
dex test, its conduct, or inter-
pretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to
correctly classify the target condi-
tion?

Yes    

Were the reference standard re-
sults interpreted without knowl-
edge of the results of the index
tests?

No    

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

  High risk  

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval
between index test and reference
standard?

Unclear    

Did all patients receive the same
reference standard?

No    

Lok 2010  (Continued)
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Were all patients included in the
analysis?

Yes    

Could the patient flow have in-
troduced bias?

  High risk  

Lok 2010  (Continued)

 
 

Study characteristics

Patient Sampling Blood samples were obtained from 111 patients with HCC (Bei-
jing Youan Hospital and Beijing Chaoyang Hospital), 36 patients
with liver cirrhosis (LC) (Beijing Youan Hospital; 26 with Child-Pugh
class A and 10 with Child-Pugh class B), 33 patients with chronic
hepatitis B (CHB) (Beijing Youan Hospital), 9 patients with colorec-
tal carcinoma, 11 patients with lung carcinoma, 10 patients with
breast carcinoma, 8 patients with cerebral vascular accident, 7 pa-
tients with myositis, and 100 healthy blood donors.
Age range: 29-65. Males 69%

Patient characteristics and setting  

Index tests AFP: the cut-oF value considered positive for AFP was 20 ng/mL.

Target condition and reference standard(s) HCC: no information regarding reference standard

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors reported no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

Long 2011 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Long 2011  (Continued)

 
 

Study characteristics

Patient Sampling In the present study, a total of 1448 participants, including normal con-
trols (healthy volunteers, NC) and patients with chronic hepatitis B (CHB)
infections, liver cirrhosis, HCC, gastric cancer, or intrahepatic cholangio-
carcinoma were enrolled between September 2008 and May 2014.

The exclusion criteria were abnormal liver biochemistry, a history of liver
disease or other systematic diseases for the healthy controls, and a histo-
ry of acute diseases or other types of malignant diseases for patients with
liver disease. The discovery cohort consisted of 108 participants. Fasting
serum samples were collected. The test cohort consisted of 684 partici-
pants.

The validation cohort 1 consisted of 572 participants.

Age range: 45-69. Males 78%

Luo 2018a 
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Patient characteristics and setting  

Index tests AFP, with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: the HCC diagnosis was confirmed with ultrasound, computed tomog-
raphy, or magnetic resonance imaging; and most participants were further
diagnosed by histopathology according to the American Association for
the Study of Liver Diseases (AASLD) practice guidelines.

Cirrhosis was diagnosed based on clinical evidence of portal hypertension
or hepatic decompensation according to the same guidelines. Chronic he-
patitis B was defined as the presence of hepatitis B surface antigen for > 6
months, concentrations of hepatitis B virus DNA > 105 copies/ mL, and ele-
vated aspartate aminotransferase or alanine aminotransferase levels.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Potential conflict of interest: nothing to report

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Luo 2018a  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Luo 2018a  (Continued)

 
 

Study characteristics

Patient Sampling In the present study, a total of 1448 participants, including normal con-
trols (NC) (healthy volunteers) and patients with chronic hepatitis B (CHB)
infections, liver cirrhosis, HCC, gastric cancer or intrahepatic cholangiocar-
cinoma were enrolled between September 2008 and May 2014.

The exclusion criteria were abnormal liver biochemistry, a history of liver
disease or other systematic diseases for the healthy controls, and a history
of acute diseases or other types of malignant diseases for patients with liv-
er disease.

The discovery cohort consisted of 108 participants. Fasting serum samples
were collected.

The test cohort consisted of 684 participants.

The validation cohort 1 consisted of 572 participants.

Age range: 43-65. Males 72%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: the HCC diagnosis was confirmed with ultrasound, computed tomog-
raphy, or magnetic resonance imaging; and most cases were further di-
agnosed by histopathology according to the American Association for the
Study of Liver Diseases (AASLD) practice guidelines.

Luo 2018b 
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Cirrhosis was diagnosed based on clinical evidence of portal hypertension
or hepatic decompensation according to the same guidelines. Chronic he-
patitis B was defined as the presence of hepatitis B surface antigen for > 6
months, concentrations of hepatitis B virus DNA > 105 copies/ mL, and ele-
vated aspartate aminotransferase or alanine aminotransferase levels.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Potential conflict of interest: nothing to report

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Luo 2018b  (Continued)
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Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Luo 2018b  (Continued)

 
 

Study characteristics

Patient Sampling In the present study, a total of 1448 participants, including normal con-
trols (NC) (healthy volunteers) and patients with chronic hepatitis B
(CHB) infections, liver cirrhosis, HCC, gastric cancer or intrahepatic
cholangiocarcinoma were enrolled between September 2008 and May
2014.

The exclusion criteria were abnormal liver biochemistry, a history of liver
disease or other systematic diseases for the healthy controls, and a histo-
ry of acute diseases or other types of malignant diseases for patients with
liver disease.

The discovery cohort consisted of 108 participants. Fasting serum sam-
ples were collected. The test cohort consisted of 684 participants. The
validation cohort 1 consisted of 572 participants.

Age range: 34-64. Males 72.5%

Patient characteristics and setting  

Index tests AFP with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: the HCC diagnosis was confirmed with ultrasound, computed to-
mography, or magnetic resonance imaging; and most cases were further
diagnosed by histopathology according to the guidelines of the American
Association for the Study of Liver Diseases.

Cirrhosis was diagnosed based on clinical evidence of portal hyper-
tension or hepatic decompensation according to the same guidelines.
Chronic hepatitis B was defined as the presence of hepatitis B surface
antigen for > 6 months, concentrations of hepatitis B virus DNA > 105
copies/mL, and elevated aspartate aminotransferase or alanine amino-
transferase levels.

Flow and timing No information on interval between index test and reference standard

Luo 2018c 
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Comparative  

Notes Potential conflict of interest: nothing to report

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Luo 2018c  (Continued)
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Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Luo 2018c  (Continued)

 
 

Study characteristics

Patient Sampling From January 2012 to December 2013, 368 HCC patients were re-
cruited.

Enrolment criteria were as follows: (1) definitive HCC diagnosis;
(2) no prior anticancer treatment; (3) complete resection of all tu-
mour nodules, with the cut surface being free of cancer by histo-
logical examination; TACE treatments targeted intrahepatic le-
sions; and (4) availability of complete clinicopathologic and fol-
low-up data.

A total of 150 HDs and 152 patients with chronic hepatitis B (CHB)
and/or liver cirrhosis (LC) without a history of malignancy were en-
rolled as negative controls.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: cut-oF 400 ng/mL

Target condition and reference standard(s) HCC: for the 295 patients who underwent curative resection, HCC
diagnosis was based on histopathology, while for the 73 patients
who underwent TACE, HCC diagnosis was based on imaging scans
and AFP according to the American Association for the Study of
Liver Disease (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that there were no conflicts of interest to
disclose regarding funding from industrial sources or other disclo-
sures with respect to this study.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Ma 2018 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ma 2018  (Continued)

 
 

Study characteristics
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Patient Sampling HCC patients with HBV infection who were admitted to Affiliated Nan-
tong No. 3 Hospital of Nantong University between October 2014
and June 2016 were included in this study. 3 mL heparinised blood
was collected from each participant of the four groups, including 31
healthy volunteers (NC group), 82 HCC patients with hepatitis B virus
infection (HBV) infection (HCC group), 29 patients with HBV-related liv-
er cirrhosis (LC group), and 28 patients with chronic HBV (HBV group).

Age range: 26-77. Males 77%.

Patient characteristics and setting  

Index tests AFP: "plasma AFP was measured using I2000 automatic chemilumi-
nescence immunoassay analyser (Abbott Architect i2000SR, USA). ROC
curves were plotted for each biomarker to investigate their capabili-
ty to distinguish between HCC and non-HCC, and moreover define the
cut-oF value of each biomarker for HCC diagnosis by maximum sensi-
tivity and specificity."

Target condition and reference standard(s) HCC: HCC was diagnosed based on histological findings or typical
imaging characteristics as defined by the Diagnosis, Management and
Treatment of Hepatocellular Carcinoma (V2011) issued by the Ministry
of Health of the Chinese People's Republic of China.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The funding organisation played no role in designing the study, col-
lecting, analysing and interpreting the data, writing the report, or de-
cision-making in submitting the report for publication.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Mao 2017  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mao 2017  (Continued)

 
 

Study characteristics

Patient Sampling A total of 363 patients with histologically proven cirrhosis and a
clinical suspicion of neoplastic degeneration (pain, fever, weight
loss, and increased alkaline phosphatase levels) were prospective-
ly investigated from January 1980 to October 1984.

Age range not reported. Males 75%

Patient characteristics and setting  

Index tests AFP: cut-oF 500 ng/mL US: echographic diagnosis of HCC was
made when discrete areas of increased, decreased, mixed son-
odensity, or a focal dilatation of intrahepatic bile ducts were iden-
tified.

Target condition and reference standard(s) HCC: HCC was diagnosed by blind biopsy, laparoscopic biopsy,
sonographic-guided fine aspiration cytology or US-guided micro-
core biopsy in 74 patients, and by AFP > 500 ng/mL and a clinical

Maringhini 1988 
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follow-up or selective angiography in 72 patients. All patients with
a final diagnosis of either cirrhosis (C) + HCC or C only were fol-
lowed for at least one year or until death.

Flow and timing No information on interval between index test and reference stan-
dard. At US, there were 28 patients with non-evaluable results; es-
timates according to intention-to-diagnose principle.

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Maringhini 1988  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Maringhini 1988  (Continued)

 
 

Study characteristics

Patient Sampling All the patients were enrolled from the liver and liver transplantation
clinics at the University of Michigan Medical Center between Septem-
ber 2001 and May 2002. Four groups of consecutive participants were
enrolled.
Group 1 (G1): normal healthy individuals with no history of liver dis-
ease, alcohol consumption less than 40 g/week, and no risk factors for
viral hepatitis. All participants were documented to have normal liver
biochemistry
Group 2 (G2): patients with histologically-confirmed noncirrhotic
chronic hepatitis
Group 3 (G3): patients with histologically-proven cirrhosis and com-
pensated liver disease (i.e. Child-Turcotte-Pugh [CTP] score 7) 
Group 4 (G4): patients with histologically-proven HCC
Age range: 43-69. Males 54%.

Patient characteristics and setting  

Index tests AFP: AFP was tested using commercially available immunometric as-
says utilising enhanced chemiluminescence at the University of Michi-
gan Hospital Clinical Diagnostic Laboratory.

To determine the optimal cut- oF value for DCP and AFP in the diag-
nosis of HCC, receiver operating characteristic (ROC) curves were con-
structed using all possible cut-oFs for each assay.

Target condition and reference standard(s) HCC: histology

Marrero 2003 
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Computed tomography and magnetic resonance imaging studies of
patients with HCC were reviewed by a radiologist who was not aware
of the serum marker results.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Marrero 2003  (Continued)
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Are there concerns that the target condition as defined
by the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Marrero 2003  (Continued)

 
 

Study characteristics

Patient Sampling Consecutive patients with HCC, and patients with cirrhosis that
were age, sex, and race/ethnicity matched to the HCC patients
were enrolled from the Liver Clinic between September 2001 and
August 2004.

Age range: 46-66. Males 65%

Patient characteristics and setting  

Index tests AFP: AFP was tested using commercially available immunoassays
utilising enhanced chemiluminescence at the University of Michi-
gan Hospital Clinical Diagnostic Laboratory. To determine the op-
timal cut-oF value for GP73 and AFP in the diagnosis of HCC, ROC
curves were constructed using all possible cut-oFs for each assay.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made by histopathology (n = 107,
including all T1 lesions), and if histopathology was not available
by two imaging modalities (ultrasound [US], magnetic resonance
imaging [MRI], or computed tomography) showing a vascular en-
hancing mass > 2 cm (n = 37).

Liver cirrhosis [LC] control group: the people with cirrhosis in the
control group were followed for a median of 12 months (range 7–
18 months) after enrolment, and no one had developed HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No info on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Marrero 2005 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Marrero 2005  (Continued)
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Study characteristics

Patient Sampling We performed a large, EDRN-defined, phase-2 biomarker case-control study. Cases includ-
ed consecutive adult patients with HCC seen between February 2005 and August 2007 at 7
medical centres in the USA.

Patients with HCC were excluded if they were younger than 18 years of age, had prior treat-
ment of their tumour, or history of other solid tumours.

Controls were excluded if there was clinical evidence of significant hepatic decompensa-
tion (refractory ascites, grade 3 or 4 encephalopathy, or hepatorenal syndrome), Child–
Pugh class C or Model for End-Stage Liver Disease (MELD) score 15, detection of HCC at ini-
tial evaluation or at follow-up, need for long-term immunosuppressive therapy, prior sol-
id organ transplant, previous or current cancer history (excluding nonmelanoma skin can-
cer), and significant medical comorbidities in which survival was predicted to be less than
a year.

Age range 46-71. Males 75%

Patient characteristics and setting  

Index tests AFP: "Peripheral blood was collected from each participant at the time of the office visit
prior to treatment. All aliquots were shipped to a centralised storage facility at the Univer-
sity of Michigan. One aliquot was sent to a centralised laboratory at the University of Cali-
fornia, Los Angeles, where the des-γ carboxyprothrombin (DCP), AFP, and AFP-L3% assays
were performed blinded to clinical data and identifiers. Sera from 10% of the participants
were assayed at a different facility for quality control purposes. AFP and AFP-L3% were si-
multaneously determined in serum by automated systems (Wako, Mountain View, CA). All
samples were performed in duplicates. Samples with AFP value exceeding 1000 ng/mL (up-
per limit of standard curve) were diluted 10-, 100-, and 1000-fold and remeasured. Samples
from 554 (65%) patients had total AFP values of 10 ng/mL with non-detectable AFP-L3%.
For this analysis, non-detectable values were assigned a value of 0.5%, which is the lower
limit of detection. Another 66 (8%) samples had AFP-L3% values that were nonreportable,
and the results of these samples were nonreliable because the total AFP was between 10
ng/mL and 20 ng/mL. For this analysis, nonreportable values were set as missing data.

The study was designed to have above 90% power at 1-sided 5% type 1 error for compar-
ing the joint sensitivity and specificity for differentiating early stage HCC from cirrhotic pa-
tients between DCP and AFP at current clinical cutoff points of 20 ng/mL for AFP, 10% for
AFP-L3%, and 150 mAU/mL for DCP."

Target condition and reference stan-
dard(s)

HCC: HCC was defined by histologic examination or by the appropriate imaging character-
istics as defined by accepted guidelines.

Control group: controls were patients with cirrhosis seen during the same period as the
cases at these centres. To assure that controls did not have HCC, all controls were assessed
by AFP and an imaging test (US, CT, or MRI) 6 months after enrolment.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes The authors disclosed no conflicts.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Marrero 2009 
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Was a consecutive or random sample
of patients enrolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate ex-
clusions?

Yes    

Could the selection of patients have
introduced bias?

  High risk  

Are there concerns that the includ-
ed patients and setting do not match
the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpret-
ed without knowledge of the results of
the reference standard?

Yes    

If a threshold was used, was it pre-
specified?

Yes    

Could the conduct or interpretation
of the index test have introduced
bias?

  Low risk  

Are there concerns that the index
test, its conduct, or interpretation
differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to cor-
rectly classify the target condition?

Yes    

Were the reference standard results in-
terpreted without knowledge of the re-
sults of the index tests?

Yes    

Could the reference standard, its
conduct, or its interpretation have
introduced bias?

  Low risk  

Are there concerns that the target
condition as defined by the refer-
ence standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Marrero 2009  (Continued)
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Was there an appropriate interval be-
tween index test and reference stan-
dard?

Unclear    

Did all patients receive the same refer-
ence standard?

No    

Were all patients included in the analy-
sis?

Yes    

Could the patient flow have intro-
duced bias?

  High risk  

Marrero 2009  (Continued)

 
 

Study characteristics

Patient Sampling The study included 75 patients (44 HCC group, 31 liver cirrhosis
group). Patients with other malignancies or organ dysfunction
were precluded.

Age range: 40-70. Males 68%

Patient characteristics and setting  

Index tests AFP: serum AFP was measured using human AFP ELISA kit from
(DiaMetra Company, Spello, Perugia Italy). Cut-oF value: 200 ng/
mL

Target condition and reference standard(s) HCC was suspected clinically by elevated AFP levels, further imag-
ing studies done to detect focal hepatic lesions using abdominal
ultrasound then confirmed by computed tomography or magnetic
resonance.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that there was no conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Mashaly 2018 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mashaly 2018  (Continued)

 
 

Study characteristics

Patient Sampling 159 consecutive patients with chronic HBV and HCV infection re-
ferred to liver centre were enrolled. Patients with autoimmune he-
patitis or alcoholic liver disease were excluded.

Age range: 17-82. Males 67%

Matievskaya 2003 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

375



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Patient characteristics and setting  

Index tests Serum AFP by immunoenzimatic assay; cut-oF value 200 ng/mL

Target condition and reference standard(s) HCC were confirmed by histology, imaging and AFP

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Matievskaya 2003  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Matievskaya 2003  (Continued)

 
 

Study characteristics

Patient Sampling Blood was collected from patients with chronic liver disease (he-
patitis or cirrhosis defined by platelet count of 100 x 10^3/mL or
over, and less than 100 x 10^3/mL, respectively), those with HCC
before treatment for the first lesions, and from healthy volunteers
from June 2005 to February 2008.

Patients with other malignancies or who die from causes related
to the operations were excluded.

Age range: 38-75. Males 70%

Patient characteristics and setting  

Index tests The serum alpha-fetoprotein (AFP) concentrations were deter-
mined by chemiluminescent enzyme immunoassay (Lumipulse
AFP-N; Fujirebio, Japan). The cut-oF values calculated by the ROC
curve were 11.35 ng/mL in AFP (75.00% sensitivity, 80.95% speci-
ficity).

Target condition and reference standard(s) HCC: no information regarding reference standard

Flow and timing No information regarding reference standard. No information on
interval between index test and reference standard. Tissue speci-
mens were obtained from 52 HCC patients, and 51 patients were
analysed for biomarker accuracy.

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Matsuda 2008 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Matsuda 2008  (Continued)
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Study characteristics

Patient Sampling 80 patients with cirrhosis and clinically-suspected hepatocarcino-
ma were retrospectively analysed.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Standard US examination
Positivity criteria: single nodule or multiple nodules with different
echogenicity of surrounding parenchyma or diffuse alteration of
hepatic parenchyma with neoplastic pattern

Target condition and reference standard(s) Histology: laparoscopy with biopsy or US-guided biopsy

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Mauduit Astolfi 1987 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mauduit Astolfi 1987  (Continued)

 
 

Study characteristics

Patient Sampling This is a 16-year longitudinal follow-up study of total 1487 patients
chronically infected with HBV (HBsAg-positive for 12 months or
longer). Blood samples were taken every 6 months.

Age range not reported. Males 59%

Patient characteristics and setting  

Index tests AFP: "Between 1982 and 1993, a level of above 25 ng/mL was used
as a cut-oF level for further evaluation for the presence of HCC. Be-
fore 1993, all persons diagnosed with HCC had an AFP at diagnosis of
greater than 25 ng/mL. After 1993 the cut-oF level was lowered to 15
ng/mL because a carrier with an AFP of 15 ng/mL had been found to
have a large nonresectable tumour."

Target condition and reference standard(s) Carriers whose AFP levels were elevated were contacted by phone.
Men or nonpregnant women were requested to have another blood
sample drawn 1 month later for testing of their AFP level. If the sec-
ond AFP level was elevated, the patient was sent to the Alaska Native
Medical Center for evaluation with an ultrasound (US) examination of
the liver, clinical evaluation, and liver function tests, including serum
transaminase levels and total bilirubin. Computed tomography (CT) of
the liver was performed in selected individuals if the US examination
was unsatisfactory or suggested a lesion. If no lesion was evident on

McMahon 2000 
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imaging studies, the AFP and US were repeated every 3 to 6 months
until the AFP level returned to normal or a lesion suggestive of HCC
was found.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

McMahon 2000  (Continued)
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Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

McMahon 2000  (Continued)

 
 

Study characteristics

Patient Sampling 50 patients with liver cirrhosis and 50 patients with HCC were in-
cluded in this study.

Age range: 29-81. Males 57%

Patient characteristics and setting  

Index tests Chemiluminescent microparticle immunoassay ARCHITECT AFP
assay (CMIA, Ireland) was used for AFP detection; no prespecified
cut-oF value.

Target condition and reference standard(s) Unclear: ECHO and computerised tomography (CT) were used to
detect and measure the size of HCCs.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Funding: This research did not receive any financial support.
Competing Interests: The authors have declared that no compet-
ing interests exist."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Mehinovic 2018 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mehinovic 2018  (Continued)

 
 

Study characteristics

Patient Sampling 500 patients with HBV-related liver cirrhosis received surveillance
for HCC by AFP and ultrasound examination every 3–6 months.
During the median follow-up of 49 months (range: 6–88 months),
76 patients developed HCC.

Age range and % of males not reported

Min 2014 
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Patient characteristics and setting  

Index tests AFP: cut-oF value 10 ng/mL

Target condition and reference standard(s) HCC: no clear data on reference standard. All patients were fol-
lowed-up with US and AFP.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Min 2014  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Min 2014  (Continued)

 
 

Study characteristics

Patient Sampling Four cohorts were enrolled based on the presence of HCC or hepatitis C virus (HCV) sta-
tus. Patients with positive serology for hepatitis B surface antigen were excluded. In-
clusion criteria were as follows:

Cohort 1: patients who developed HCC after HCV eradication using interferon (IFN)-
based therapy. These patients were enrolled from January 1990 to December 2012 at
the Department of Gastroenterology of the University of Tokyo Hospital. Of the 37 pa-
tients who developed HCC after HCV eradication, 29 were defined as early stage HCC.

Cohort 2: patients who did not develop HCC after HCV eradication using IFN-based
therapy. These 179 patients, who were enrolled from January 1990 to December 2012,
achieved SVR, confirmed as the absence of HCC during follow-up for more than 1 year.

Cohort 3: patients who developed HCC without HCV eradication, consisting of 1185
chronic hepatitis C patients who developed HCC, treated initially with radical therapies
(percutaneous ethanol injection therapy, percutaneous microwave coagulation thera-
py, or radiofrequency ablation) from January 1990 to December 2009 at the same insti-
tution, excluding those who achieved sustained virological response (SVR) before HCC
development.

Cohort 4:patients without either HCC or HCV eradication. These patients were extract-
ed from the follow-up cohort, which was analysed for hepatitis C-related HCC develop-
ment.

A matched case–control study was conducted to compare the diagnostic accuracy of
AFP between SVR cohorts 1 and 2 and non-SVR cohorts 3 and 4 to minimise the influ-
ence of non-HCC factors on AFP levels.

Age range: 54-73. Males 79%

Patient characteristics and setting  

Index tests AFP: to analyse the diagnostic accuracy of AFP for differentiating HCC cases from con-
trols, an area under the receiver operator characteristic curve (AUROC) was calculated.
The optimal cut-oF value was validated by calculating the Youden index.
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Target condition and reference standard(s) HCC: HCC was diagnosed by dynamic computed tomography (CT) or magnetic reso-
nance imaging (MRI) with hyperattenuation in the arterial phase and washout in the
late phase. As the diagnosis of HCC was not definite by CTor MRI, an ultrasound-guid-
ed tumour biopsy was performed and pathological diagnosis made based on the Ed-
mondson-Steiner criteria. Early stage HCC was defined as a tumour number < 3 with
each lesion < 3 cm in diameter with no evidence of vascular invasion or extrahepatic
metastasis.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors have no conflicts of interest to disclose."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

No    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard
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Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Minami 2015a  (Continued)

 
 

Study characteristics

Patient Sampling Four cohorts were enrolled based on the presence of HCC or hepatitis C virus (HCV) sta-
tus. Patients with positive serology for hepatitis B surface antigen were excluded. In-
clusion criteria were as follows:

Cohort 1: patients who developed HCC after HCV eradication using interferon (IFN)-
based therapy. These patients were enrolled from January 1990 to December 2012 at
the Department of Gastroenterology of the University of Tokyo Hospital. Of the 37 pa-
tients who developed HCC after HCV eradication, 29 were defined as early stage HCC.

Cohort 2:patients who did not develop HCC after HCV eradication using IFN-based
therapy. These 179 patients, who were enrolled from January 1990 to December 2012,
achieved SVR, confirmed as the absence of HCC during follow-up for more than 1 year.

Cohort 3: patients who developed HCC without HCV eradication, consisting of 1185
chronic hepatitis C patients who developed HCC treated initially with radical therapies
(percutaneous ethanol injection therapy, percutaneous microwave coagulation thera-
py, or radiofrequency ablation) from January 1990 to December 2009 at the same insti-
tution, excluding those who achieved SVR before HCC development.

Cohort 4: patients without either HCC or HCV eradication. These patients were extract-
ed from the follow-up cohort, which was analysed for hepatitis C-related HCC develop-
ment.

A matched case–control study was conducted to compare the diagnostic accuracy of
AFP between SVR cohorts 1 and 2 and non-SVR cohorts 3 and 4 to minimise the influ-
ence of non-HCC factors on AFP levels.

Minami 2015b 
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Age range: 56-74. Males 79%

Patient characteristics and setting  

Index tests AFP: to analyse the diagnostic accuracy of AFP for differentiating HCC cases from con-
trols, an area under the receiver operator characteristic curve (AUROC) was calculated.
The optimal cut-oF value was validated by calculating the Youden index.

Target condition and reference standard(s) HCC: HCC was diagnosed by dynamic computed tomography (CT) or magnetic reso-
nance imaging (MRI) with hyperattenuation in the arterial phase and washout in the
late phase. As the diagnosis of HCC was not definite by CTor MRI, an ultrasound-guid-
ed tumour biopsy was performed and pathological diagnosis made based on the Ed-
mondson-Steiner criteria. Early stage HCC was defined as a tumour number < 3 with
each lesion < 3 cm in diameter with no evidence of vascular invasion or extrahepatic
metastasis.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors have no conflicts of interest to disclose."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

No    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Minami 2015b  (Continued)

 
 

Study characteristics

Patient Sampling 104 consecutive patients [64 patients with HCC, 20 with liver cir-
rhosis (LC), and 20 with chronic hepatitis (CH)] were enrolled in
this study. All HCC patients had LC as underlying liver disease. 66
patients were infected with HCV, 30 with HBV, 3 with both virus-
es, and 5 with no viral markers. 50 healthy individuals including 12
females served as controls. To assess the accuracy of diagnostic
tests, the matched data sets (chronic liver diseases patients and
HCC patients) regarding biomarkers were analysed by using re-
ceiver operator characteristic (ROC) curve analysis.

Age range: 22-83. % of males not reported

Patient characteristics and setting  

Index tests AFP

Target condition and reference standard(s) No data on reference standard

Miura 2007 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that they had no financial conflict of inter-
est.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

Miura 2007  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Miura 2007  (Continued)

 
 

Study characteristics

Patient Sampling 437 consecutive patients ((303 patients with HCC, 89 with chronic
hepatitis (CH), and 45 with liver cirrhosis (LC)), who were admitted
at Tottori University related Hospitals, Osaka Red Cross Hospital,
and Fukuoka University Chikushi Hospital, in Japan, between No-
vember, 2002 and December, 2006, were enrolled in this study.

Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP. No specification. Cut-oF value 10 ng/mL

Target condition and reference standard(s) The patients were diagnosed by blood chemistry, US, comput-
ed tomography (CT), AFP and/or biopsy under US. HCC was diag-
nosed according to the the American Association for the Study of
Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared that they had no competing interests.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Miura 2010 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Miura 2010  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples were collected from a total number of 200 partic-
ipants. All patients were recruited from the Department of Gas-
troenterology and Hepatology, Theodor Bilharz Research Insti-
tute, in Egypt, during the period from October 2017 to November
2018. 
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40 healthy volunteers were involved in the current study as a con-
trol group.

Participants were divided into 3 categories:
Control group (n = 40), liver cirrhosis group without HCC (LC) who
had chronic hepatitis C (CHC) more than 6 months of infection (n =
80) and HCC patients who had cirrhosis and were currently infect-
ed by HCV, but did not start the treatments (n = 80).
Age range not reported. Males 66%

Patient characteristics and setting  

Index tests Serum AFP level was determined using sandwich Enzyme Linked
Immunosorbent Assay (ELISA). No predefinition of a cut-oF value

Target condition and reference standard(s) HCC: CT

Control: no specification

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no conflicts of interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mohamed 2020a  (Continued)

 
 

Study characteristics

Patient Sampling The study included 70 patients with chronic liver disease, divided
into two groups:

Mohamed 2020b 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

394



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Group (I): 40 patients with HCC
Group (II): 30 patients with liver cirrhosis and without any evi-
dence of HCC

(Group III): 30 healthy adults, recruited as controls

Age range not reported. Males 64%

Patient characteristics and setting  

Index tests Serum AFP was assayed via an enzyme Immunoassay. No predefi-
nition of a cut-oF value

Target condition and reference standard(s) Hepatocellular carcinoma was suspected by the abdominal US
and confirmed by triphasic CT scan with contrast.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The author declares no conflicts of interest, financial or other-
wise."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Mohamed 2020b  (Continued)

 
 

Study characteristics

Patient Sampling A single-centre prospective screening study was initiated in October 1997. The au-
thors recruited study candidates from the hepatology clinic at the Prince of Wales
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Hospital in Hong Kong who were hepatitis B virus carriers between 40 and 70 years
old. They excluded patients with non-hepatitis B–related cirrhosis, a known histo-
ry of malignancy, or a medical condition associated with a life expectancy of less
than 2 years.

For the purpose of the present study, eligibility was confined to patients with ele-
vated serum α-fetoprotein levels who had at least one abdominal sonogram and
had undergone hepatic angiography with a post-Lipiodol CT scan (Lipiodol CT)
within 2 months of the abdominal sonogram. Recruitment for the study was com-
pleted in March 2000 when the predetermined sample size of 1,018 participants
had been attained.

Age range: 40-69. Males 78%

Patient characteristics and setting  

Index tests US: abdominal sonography was performed by one of two designated radiologists,
each of whom had more than 10 years of experience, using an electronic curvilin-
ear 3.5-MHz real-time transducer, scanning subcostally and intercostally with the
patient in a supine, and then leS decubitus, position. A focal lesion was defined as
a well-defined solid nodule (mass) with hypoechoic, hyperechoic, or mixed sono-
graphic pattern. Results were categorised as positive, probable, or negative.

Target condition and reference standard(s) The gold standard for the diagnosis of hepatocellular carcinoma is histology. Tis-
sue for histological assessment was obtained from hypervascular tumours either
at surgery or percutaneous needle biopsy. Patients who declined surgery or histo-
logical assessment by biopsy were followed every 3 months with repeated α-foe-
toprotein level measurements and abdominal sonography. We also followed pa-
tients with elevated α-foetoprotein levels or focal lesions but normal findings on
Lipiodol CT every 3 months with repeated α-foetoprotein level measurements and
abdominal sonography for 2 years and then every 6 months thereafter. Patients
with serum α-foetoprotein levels above 20 ng/mL on two occasions at least 1 week
apart or focal lesions on abdominal sonograms were further evaluated with Lipi-
odol CT.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Mok 2004  (Continued)
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Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Low risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mok 2004  (Continued)
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Patient Sampling The study was conducted on 80 patients (40 patients with HCC
and 40 patients with chronic liver disease (CLD) as diseased con-
trols) in addition to 40 apparently healthy individuals who served
as a healthy control group.
Age range not reported. Males 82%

Patient characteristics and setting  

Index tests Serum AFP was measured by ELISA technique using commercially
available immunometric assay using enhanced cheminolumines-
cence (EQUIPAR Disgnostica) with no predefined cut-oF value.

Target condition and reference standard(s) HCC was diagnosed on the base of imaging techniques (US and
CT)

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Montaser 2012  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Unclear    

Could the patient flow have introduced bias?   High risk  

Montaser 2012  (Continued)

 
 

Study characteristics

Patient Sampling Between April 2011 and March 2012, 300 patients with chronic liver disease for HCC
lesions were screened using Gd-EOB-DTPA enhanced MRI. Reduced uptake of Gd-
EOB-DTPA on T1-weighted hepatobiliary phase images 20 minutes after contrast
medium injection indicated the presence of novel tumours in 15 patients. The di-
agnosis was histopathologically-confirmed on biopsies from the 15 tumours, with
concurrent measurement of serum levels of AFP and AFP-L3%.

Frozen blood samples were obtained from a control cohort (n = 183) of patients
with chronic hepatitis or cirrhosis caused by hepatitis B or C virus between Janu-
ary 2010 and August 2010. None of the patients in the control cohort demonstrat-
ed HCC during the 2-year follow-up period.

The aim of this study was to evaluate the clinical usefulness of the highly sensitive
assay of AFP-L3% as a marker for the early diagnosis of HCC.

Age range: 49-76. Males 53%

Patient characteristics and setting  

Index tests AFP: with a cut-oF value of 20ng/mL. They measured the serum levels of AFP and
AFP-L3% using a commercially available automatic measurement system based
on a combined LBA–EATA (Wako Pure Chemical Industries Ltd., Osaka, Japan) of
blood samples collected at the time of imaging.

Target condition and reference standard(s) HCC: the study authors performed a sonography-guided or fusion image-guid-
ed percutaneous fine-needle biopsy on the newly-detected tumours. Blinded
histopathological diagnoses were performed according to the new histological cri-
teria defined by the ICGHN in 2009 with the consensus of two pathologists special-
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ising in liver lesions (4). Tumours were diagnosed as early HCC if they had the fol-
lowing characteristics: increased cell density with little cell atypia, architectural al-
terations of a thin trabecular structure an acinus in some areas, and stromal inva-
sion.

Control group: none of the patients in the control cohort demonstrated HCC dur-
ing the 2-year follow-up period.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors have no conflicts of interest to declare."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Moriya 2013  (Continued)
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Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Moriya 2013  (Continued)

 
 

Study characteristics

Patient Sampling This study included 39 patients with HCC based on chronic liv-
er disease (CLD) and 50 CLD patients without HCC. CLD included
clinicopathologically-proven chronic hepatitis (CH) and compen-
sated liver cirrhosis (LC). In order to avoid the overestimation of
the markers, they excluded cases with advanced HCC. Therefore,
they selected 39 HCC patients with the tumour size < 3 cm and the
number of tumours that were < 3.

Age range: 21-78. Males 60%

Patient characteristics and setting  

Index tests AFP: serum AFP concentrations were assayed using a solid phase
immunoassay analyzer (ARC 1000, Aloka, Tokyo) with a detection
limit of 1.0 ng/mL. According to the ROC curve analysis, the opti-
mal cut-oF value for AFP was 18.0 ng/mL.

Target condition and reference standard(s) HCC: HCC was diagnosed by characteristic findings from ultra-
sonography, computed tomography, and hepatic angiography
which are compatible with HCC or in combination with the histo-
logical examinations of a tumour biopsy.

No information on diagnosis of control group

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  
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Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Moriyama 2000  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Moriyama 2000  (Continued)

 
 

Study characteristics

Patient Sampling 87 adult Japanese patients who had hepatitis C virus (HCV)-relat-
ed liver cirrhosis with or without HCC were treated between 2004
and 2011. The control group was composed of 37 adult Japanese
patients with chronic hepatitis C, diagnosed by examination of liv-
er biopsy specimens.
Age range 42-83. Males 78%

Patient characteristics and setting  

Index tests Measurements of AFP, AFP-L3, and DCP was performed by lectin-
affinity electrophoresis coupled with antibody-affinity blotting
method or a microchip capillary electrophoresis and liquid-phase
binding assay using a μTSAWako i30 auto-analyser (Wako Pure
Chemical Industries, Ltd., Osaka, Japan). The cut-oF values for
serum AFP, AFP-L3, and des-gamma-carboxyprothrombin (DCP)
were obtained from the guideline of the Japanese Society of He-
patology. AFP cut-oF value 15 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was performed using clinical crite-
ria and the findings obtained by B-mode ultrasonography (US),
computed tomography (CT) angiography, or magnetic reso-
nance imaging (MRI). The control group was composed of 37 adult
Japanese patients with chronic hepatitis C, diagnosed by exami-
nation of liver biopsy specimens.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mukozu 2013  (Continued)

 
 

Study characteristics

Patient Sampling Participants were 41 patients with chronic hepatitis B and/or C in-
fection, either with or without liver cirrhosis and HCC. Participants
were divided into 3 groups: a chronic hepatitis group, a liver cir-
rhosis group, and a HCC group based on a series of physical exami-
nations and investigations.

Mustika 2019 
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Age range not reported. Males 82.5%

Patient characteristics and setting  

Index tests AFP test using ELISA method to Prodia Laboratory in Malang pre-
defined cut-oF value 200 ng/mL

Target condition and reference standard(s) HCC was established when serum AFP levels were = 200 ng/mL
and nodules were present in the liver on ultrasound examination
or abdominal CT scan.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Mustika 2019  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Mustika 2019  (Continued)

 
 

Study characteristics

Patient Sampling A total of 260 individuals visiting the Yonsei University Health Sys-
tem from July 2008 to December 2009 were enrolled. All partici-
pants were classified in the following groups: patients with HCC
(HBV-positive, 57), liver cirrhosis (LC; HBVpositive, 27), chronic he-
patitis (CH; HBV-positive, 37), cholangiocarcinoma (CC; 22), gastric
cancer (GC; 31), and pancreatic cancer (PC; 34), along with 52 HDs
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having no liver-related diseases when examined at the Severance
Hospital of Yonsei University.

Age range: 33-65. Males 67%

Patient characteristics and setting  

Index tests Both hCE1 and AFP proteins in plasma samples were quantified
by ELISA. A commercially available AFP ELISA kit was purchased
from Panomics (Fremont, CA), and protocols recommended by
the manufacturer were used. Clinically recommended AFP cut-oF
values 20 ng/mL and 100 ng/mL

Target condition and reference standard(s) The diagnosis of HCC was made by the pathologists at the Sever-
ance Hospital of Yonsei University.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare there are no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Na 2013  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Na 2013  (Continued)

 
 

Study characteristics

Patient Sampling The present study included 69 Egyptian HCV-related cirrhotic pa-
tients recruited from the Kasr EL-Aini Hospital, Internal Medicine
Department. All patients were subjected to triphasic contrast
computed tomography (CT) of the liver and were categorised ac-
cording to the imaging characteristics into two groups: the ‘‘HCC
group’’ and the ‘‘LC group’’.

Age range not reported. Males 74%

Patient characteristics and setting  

Index tests AFP kits (Roche Diagnostic GmbH, Mannheim, Germany

Target condition and reference standard(s) HCC: triphasic CT of the liver was used to detect the presence of
focal lesions and assess site, size, and multiplicity of the focal le-
sions.

The absence of focal hepatic lesions was confirmed by triphasic
contrast CT. Liver cirrhosis was defined by evidence of affection of
synthetic or excretory functions of the liver in the presence of clin-
ical and sonographic findings of chronic liver disease.

Flow and timing  

Comparative  

Nabih 2014 
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Notes Conflict of interest: the authors declared that there was no conflict
of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Nabih 2014  (Continued)
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Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Nabih 2014  (Continued)

 
 

Study characteristics

Patient Sampling Between June 1997 and September 2003, 1377 consecutive patients who were di-
agnosed with HCC for the first time via typical CT imaging patterns or biopsies dur-
ing periodical examination, with AFP, DCP, and US at Okayama University hospital
or affiliate hospitals were enrolled. Of these 1377 HCC patients, 16 were excluded
from the study because the tumour sizes were not available. So, a total of 1361 of
these HCC patients were included in this study. "We also examined 355 consecu-
tive patients with chronic hepatitis or cirrhosis (non-HCC), who visited Okayama
University Medical School Hospital between June 1997 and September 2003 for
regular follow-up. 7 of these patients were excluded because of the absence of ei-
ther serum des-gamma-carboxyprothrombin (DCP) or AFP data.

Age range: 55-62. Males 68%

Patient characteristics and setting  

Index tests AFP: serum des-gamma-carboxyprothrombin (DCP) and AFP concentrations were
measured either when patients were initially diagnosed with HCC, or confirmed
not to have HCC by imaging methods. The serum AFP concentrations were mea-
sured using a commercially available EIA kit. AFP cut-oF values were set at 20 ng/
mL, 100 ng/mL, and 200 ng/mL.

Target condition and reference standard(s) HCC: HCC diagnosis was confirmed histologically in 616 patients who had under-
gone hepatic resection or US-guided biopsy. The remaining 745 patients were di-
agnosed by typical HCC image patterns, using angiography, CT, and MRI. Diagnos-
tic criteria of HCC by imaging modalities were based on previous reports of hyper-
attenuation at the arterial phase, hypoattenuation at the portal phase in dynamic
CT or MRI, and tumour stain on angiography.

Control group: HCC was excluded by imaging methods, using CT, MRI, and US, and
was confirmed via periodical examination using the same methods, every 3 to 4
months for 1 year. All patients without HCC in this study were followed up for at
least 1 year, and no HCC developed in this period. No incidental HCC was found in
either the HCC or non-HCC groups.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors declared no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Nakamura 2006 
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Was a consecutive or random sample of pa-
tients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

Yes    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  Low risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Nakamura 2006  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Nakamura 2006  (Continued)

 
 

Study characteristics

Patient Sampling "We conducted a case-control study of patients with HCC and chronic HCV infection
and patients with hepatitis C-related cirrhosis whose clinical records were available for
retrospective reviews at Stanford University Medical Center (SUMC), Veterans Adminis-
tration Medical Center in San Francisco (VASF), San Francisco General Hospital (SFGH),
and University of California Medical Center in San Francisco (UCSF) between 1995 and
2001. All patients in this study had positive anti-HCV and/or HCV-RNA and at least 1
serum AFP measurement. Patients with positive hepatitis B surface antigen (HBsAg),
anti-HIV, active nonhepatic malignancies, and hereditary or autoimmune liver diseases
were excluded. All patients were sampled consecutively from liver transplant and liver
clinic records."

Age range: 35-84. Males 80.5%

Patient characteristics and setting  

Index tests AFP: laboratory tests including serum AFP, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total bilirubin (TB), platelet count, prothrombin time and in-
ternational normalised ratio (INR), creatinine, HBsAg, anti-HCV, and HCV RNA were de-
termined using standard, commercially available assays.

Sensitivity and specificity of various AFP cut-oF values were determined for: AFP
greater than 10 ng/mL (normal upper limit for most commercial laboratories), AFP
greater than 20 ng/mL (recommended threshold for further investigation), and AFP
greater than 100 ng/mL and 200 ng/mL (suggested confirmatory values for HCC in pa-
tients with hepatic masses.

Target condition and reference standard(s) HCC: "In total, 163 cases of HCV-related HCC meeting inclusion criteria were identified
and confirmed by cytology and/or histology (87 patients, 53.4%) or by the presence of
characteristic (i.e. enlarging tumours and/or tumours with typical arterial hypervascu-
larisation) hepatic masses on liver computed tomography (CT), and/or magnetic reso-
nance imaging tests (MRI), and/or hepatic angiography tests (76 patients, 46.6%). Con-
trol group: In total, 149 control patients with chronic HCV infection and cirrhosis were
identified and confirmed by liver biopsies (89 patients, 59.7%) and/or clinical or radi-
ographic evidence of portal hypertension (60 patients, 40.3%). HCC was excluded by
imaging studies [US, CT, MRI, and/or hepatic angiography], one of which must have
been performed at least 6 months following the measurement of AFP."

Flow and timing The median time between diagnostic imaging studies and AF tests was 14 days (range
0-300 days).

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

Nguyen 2002 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Nguyen 2002  (Continued)
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Was there an appropriate interval between
index test and reference standard?

No    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Nguyen 2002  (Continued)

 
 

Study characteristics

Patient Sampling "44 individuals with hepatitis C virus (HCV)-related liver cirrhosis
with or without HCC were recruited from the Hepatology Depart-
ment of the Medical Research Institute Hospital, Alexandria Uni-
versity, Egypt during the period from December 2017 to April 2018.
Two groups: 22 patients with liver cirrhosis due to HCV infection
and 22 patients with HCC complicating HCV-related cirrhosis
Patients had negative serum markers of active infection with he-
patitis B virus (HBV), human immunodeficiency virus (HIV) and
schistosomiasis. Also, patients with a history of alcohol consump-
tion > 30 g/day, autoimmune diseases, malignancies diabetes
mellitus, and non-HCV related liver cirrhosis were excluded from
the study."
Age range not reported. Males 52%.

Patient characteristics and setting  

Index tests Serum AFP level was measured for all patients with cirrhosis and
HCC (using the automated IMMULITE 1000 immunoassay analyzer;
Siemens Medical Solutions Diagnostics Corporation, Erlangen,
Germany. No predefinition of a cut-oF value

Target condition and reference standard(s) "Hepatocellular carcinoma cases were diagnosed according to the
guidelines of the American Association for the Study of Liver Dis-
ease (AASLD) published in 2011, which comprised the presence
of a hepatic focal lesion on ultrasound, verified by either a con-
trast-enhanced triphasic CT-scan study or dynamic contrast-en-
hanced MRI that showed characteristic criteria for HCC diagnosis
(arterial uptake of contrast material followed by washout).

Liver cirrhosis was diagnosed based on clinical, laboratory, and
imaging criteria (coarse echo pattern of the liver on ultrasound),
with reporting of the presence/absence of portal hypertension
and splenomegaly. Ascites was graded as none, mild/moderate or
severe. Child-Turcotte-Pugh (CTP) score and class were used for
assessing the severity of liver disease."

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Nomair 2019 
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Notes The authors reported no conflict of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Nomair 2019  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Nomair 2019  (Continued)

 
 

Study characteristics

Patient Sampling 27 patients HCC with diameter < 3 cm and 101 controls; 69 with
cirrhosis and 32 with chronic hepatitis.
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP by latex agglutination immunoassay, cut-oF value 20
ng/mL

Target condition and reference standard(s) Histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Nomura 1996  (Continued)
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Study characteristics

Patient Sampling The study included 36 patients with solitary small-sized (< 3 cm
in diameter) HCC and 49 patients with posthepatitic cirrhosis car-
rying no HCC. Patients who had been taking antibiotics contain-
ing N-methylthiotetrazole (NMTT) were excluded. Also, cirrhotic
patients who subsequently developed HCC within 1 year were ex-
cluded.
Age range not reported. Males 71%

Patient characteristics and setting  

Index tests AFP: serum AFP levels were determined by latex agglutination im-
munoassay (IATROMATE AFP, Diatron, Tokyo, Japan). Values of 20
ng/mL were considered upper limit of the reference interval.

Target condition and reference standard(s) HCC: a diagnosis of HCC was made histologically in all cases.

Control group: in patients with cirrhosis, HCC was ruled out on the
basis of the results of imaging studies including sonography and
CT performed on a regular basis. Also, patients with liver cirrhosis
who subsequently developed HCC within 1 year were excluded.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Nomura 1999 
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Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Nomura 1999  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples were obtained prior to treatment from 58 consecu-
tive patients with early or relatively early hepatitis C virus (HCV)-relat-
ed HCC and 137 patients with HCV-related liver cirrhosis without evi-
dence of HCC.

58 consecutive patients with early (Stage I, n = 28) and relatively early
(Stage II, n = 30) HCV-related HCC (29 males and 29 females, 69.7 ± 8.6
years old) hospitalised in the Gastroenterology Unit of Chiba Universi-
ty Hospital between January, 2008 and December, 2010 were included
in the study. For comparison, 137 people with liver cirrhosis (56 males
and 81 females, 65.8 ± 11.0 years old) encountered during the same
period were also included. Serum samples were obtained prior to ini-
tial treatment.

Age range: 55-78. Males 44%

Patient characteristics and setting  

Nomura 2012 
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Index tests AFP: serum levels of AFP and PIVKA-II were measured using commer-
cial enzyme immunoassay kits (Fujirebio Inc., Tokyo, Japan), with cut-
oF values set at 40 ng/mL and 40 mAU/mL, respectively, to give 90%
specificity in patients with liver cirrhosis.

Target condition and reference standard(s) HCC: The diagnosis of HCC was based on typical findings in three-
phase dynamic CT or MRI. In cases with inconclusive imaging findings,
the diagnosis was confirmed histopathologically.

Control group: no information on how they excluded HCC

Flow and timing In 12 cases, serum samples were obtained just before and 2 months
after surgical resection of the tumours in the Department of Hepato-
biliary Surgery at Chiba University Hospital.

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Nomura 2012  (Continued)
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Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Nomura 2012  (Continued)

 
 

Study characteristics

Patient Sampling During the follow-up period of 60 months from 1985, 260 outpatients with cir-
rhosis were studied. The diagnosis was histological or clinical (or both); all pa-
tients were monitored for serum levels of AFP and checked for space-occupy-
ing lesions of the liver by several imaging modalities. When participants entered
the study, ultrasonography (US) did not show HCC, and the level of serum AFP
was less than 200 ng/mL. All patients were prospectively monitored by mea-
surement of serum levels of AFP every 2 months and by US scanning every 3
months, as a rule.

HCC was found in 62 patients. 
7 patients found to have HCC within 6 months of entry were excluded because
their tumours probably already existed at the time of enrolment.

Age range not reported. Males 63%

Patient characteristics and setting  

Index tests AFP: all patients were prospectively monitored by measurement of serum levels
of AFP every 2 months. Cut-oF values predefined at 20 ng/mL and 100 ng/mL

Target condition and reference standard(s) HCC: HCC was found in 62 patients. Seven patients found to have HCC within 6
months of entry were excluded because their tumours probably already exist-
ed at the time of enrolment. Of the remaining 55 patients, the diagnosis of HCC
was confirmed histologically in 18. It was confirmed clinically in 37 by typical tu-
mour stains in hepatic angiography in 25 patients; by increases in AFP or abnor-
mal prothrombin protein induced by vitamin K antagonist (PIVKA II, also called
des-y-carboxy prothrombin), a specific marker of HCC; and by an increase in tu-
mour size (detected by US) in the 12 other patients.

Oka 1994 
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When participants entered the study, ultrasonography (US) did not show HCC,
and the level of serum AFP was less than 200 ng/mL. The diagnosis was histo-
logical or clinical (or both); all patients were monitored for serum levels of AFP
and checked for space-occupying lesions of the liver by several imaging modali-
ties.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the in-
dex test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly clas-
sify the target condition?

No    

Oka 1994  (Continued)
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Were the reference standard results interpret-
ed without knowledge of the results of the index
tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Oka 1994  (Continued)

 
 

Study characteristics

Patient Sampling Between 1996 and 1997, 663 patients with HCC were admitted to
the nine participating hospitals; of these patients, 388 were new-
ly diagnosed and were enrolled in the prospective study. As a con-
trol group, 212 patients (138 males and 74 females) from the same
nine hospitals who had chronic hepatitis (CH) or liver cirrhosis (LC)
caused by the hepatitis B and/or C viruses were enrolled in that
period.

Age range: 53-72. Males 70%

Patient characteristics and setting  

Index tests AFP: the serum AFP concentrations were determined at each hos-
pital by using commercially available kits. Cut-oF values prede-
fined at 20 ng/mL

Target condition and reference standard(s) HCC: 102 participants were diagnosed histologically by a percu-
taneous liver tissue needle biopsy (26.3%). Of the remaining 286
participants (73.7%), comprehensive diagnoses were made based
on ultrasonography, computed tomography scanning, angiogra-
phy, and the other imaging techniques.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Oka 2001 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Oka 2001  (Continued)
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Could the patient flow have introduced bias?   High risk  

Oka 2001  (Continued)

 
 

Study characteristics

Patient Sampling 245 outpatient asymptomatic for HCC with chronic liver disease.
Patients with elevated AFP were included.

Age range: 17-82. Males 70%

Patient characteristics and setting  

Index tests US equipment Toshiba Sonolayer SAL 20 A. No definition of posi-
tivity criteria; serum AFP with a cut-oF value 20 ng/mL

Target condition and reference standard(s) CT angiography, follow-up

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Funded by a grant from Ministery of Health; no information on
conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Okazaki 1984 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Okazaki 1984  (Continued)

 
 

Study characteristics

Patient Sampling Data of 2363 Egyptian patients with HCV-related chronic liver dis-
ease were reviewed. 1291 patients were diagnosed with HCC,
while 1072 had HCV-related liver cirrhosis with no HCC on top. Fo-
cal hepatic lesions detected on US and/or rising levels of AFP were
evaluated by CT or MRI.

Age range and % of males not reported

Omar 2017 
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Patient characteristics and setting  

Index tests AFP: it was found that serum AFP was able to diagnose HCC at
the cut-oF level of 11.9 ng/mL with sensitivity 68% and specificity
80.6%.

Target condition and reference standard(s) HCC: diagnosed by CT or MRI. Lesions showing hyperenhance-
ment in arterial phase were diagnosed as HCC. Rising AFP assays
were further evaluated by CT or MRI.

Flow and timing No information on timing between index test and reference stan-
dard

Comparative  

Notes All authors declared no conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Omar 2017  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Omar 2017  (Continued)

 
 

Study characteristics

Patient Sampling A total of 88 consecutive Egyptian individuals attending the Trop-
ical Medicine Department, Mansoura University hospitals, Man-
soura, Egypt during the period from May 2012 to April 2013 were
enrolled in this study. They were classified into 3 groups. The first
group included 53 patients with hepatocellular carcinoma (HCC),
the second group included 20 patients with liver cirrhosis, and the
third group of 15 apparently healthy participants serving as con-
trol group were included. Patients with heart failure, kidney fail-
ure, rheumatoid arthritis, autoimmune liver diseases, hepatitis B
virus, metabolic disorders, or other malignancies were excluded.

Age range: 42-70. Males 71%

Patient characteristics and setting  

Index tests AFP: the level of serum alpha fetoprotein was estimated by chemi-
luminescence, with IMMULITE (1000) AFP kit (Diagnostic Products
Corporation; Los Angeles, CA, USA). AFP cut-oF value 400 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was done according to American Asso-
ciation for the Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Omran 2016 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Omran 2016  (Continued)
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Study characteristics

Patient Sampling The present case-control study examined 196 patients with chron-
ic hepatitis C for an estimation study and 122 patients for the val-
idation study. The estimation group included 104 patients with
HCC and 92 with non-malignant liver diseases recruited from the
Tropical Medicine Department at Mansoura University Hospi-tals,
Mansoura, Egypt, between December 2016 and October 2017. Pa-
tients with kidney failure, cardiovascular disease, rheumatoid
arthritis, autoimmune liver diseases, hepatitis A or B viruses, bil-
harzial infection, or other causes of liver diseases were excluded.
In addition, patients with other causes of thrombocytopenia, such
as typhoid, leukaemia, and deficiency of vitamin B12, as well as
other causes of HCC or the presence of other malignancies were
also excluded from this study.

Age range not reported. Males 70%

Patient characteristics and setting  

Index tests AFP and HCV antibody were evaluated using an immunofluores-
cence assay (IFA) by auto-analyser (Mini-Vidas;bioMérieux, Marcy
L’Etoile, France). The predefined cut-oF value: 400 ng/mL

Target condition and reference standard(s) HCC: non-invasive methods were used for HCC diagnosis, accord-
ing to the American Association for the Study of Liver Diseases
(AASLD) practice guidelines [20]. Tumours were measured using
triphasic CTand/or dynamic MRI.

Controls: the non-malignant group of patients included those with
liver cirrhosis (n = 52) and liver fibrosis (n = 40).

Liver cirrhosis was diagnosed based on biochemical, ultra-
sonographic and computed tomography imaging findings of
splenomegaly or macronodular liver.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors have no conflicts of interest to declare."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Omran 2020 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Omran 2020  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Omran 2020  (Continued)

 
 

Study characteristics

Patient Sampling 158 participants were enrolled in the study between May and Oc-
tober 2009. The participants were divided into three groups:

Group 1: 75 cirrhotic patients with HCC 
Group 2; 55 cirrhotic patients without HCC 
Group 3: 28 healthy controls

Age range not reported. Males 67%

Patient characteristics and setting  

Index tests AFP was tested using commercially available immunoassays util-
ising enhanced chemiluminescence at our hospital central labora-
tory. The upper limit of the normal level was 13 ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was made by histopathology. If histopathol-
ogy was not available, the diagnosis was reached by two imaging
modalities (ultrasound, magnetic resonance imaging or comput-
ed tomography) showing a vascular-enhancing mass. Diagnosis of
cirrhosis was based on liver histology or clinical, laboratory, and
imaging evidence of hepatic decompensation or portal hyperten-
sion.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Ozkan 2011 
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Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ozkan 2011  (Continued)

 
 

Study characteristics

Patient Sampling The participant cohort consisted of 298 HCC cases from the Digestive Disease Center at
the Soonchunhyang University Seoul Hospital, which were newly diagnosed between

Park 2017a 
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October 2013 and March 2016 by retrospective design. Among them, 79 HCC patients
were selected for inclusion in this study after applying the following exclusion criteria:
the baseline serum level of AFP, AFPL3, or PIVKA-II was not obtained; presence of extra-
hepatic malignancy when HCC was diagnosed; previously treated for any type of ma-
lignancy before HCC was diagnosed; all other conditions with elevated AFP rather than
liver disease; or fibrolamellar HCC which can show normal AFP.

A further 77 patients with liver cirrhosis (LC) were selected in this study as a control
group.

LC was diagnosed based on a histological examination or clinical findings of portal hy-
pertension. The LC patients in the control group had undergone imaging studies to ex-
clude HCC.

Age range: 48-70. Males 85%

Patient characteristics and setting  

Index tests AFP: "alpha-fetoprotein, AFP-L3, and PIVKA-II were measured in the same serum sam-
ples using microchip capillary electrophoresis and a liquid-phase binding assay on an
automatic analyser (mTAS Wako i30, Wako Pure Chemical Industries, Osaka, Japan).
The measurement range was 0.3 to 2000ng/mL for AFP. All testing was conducted at
the Soonchunhyang University Seoul Hospital by the same group of laboratory techni-
cians, and none of the technicians was informed of the participant’s status before test-
ing. We defined positivity for the 3 biomarkers alone as follows: AFP > 10ng/mL, PIV-
KA-II > 40mAU/mL, and AFP-L3 > 10%.
The cut-oF value for serum AFP was 10 ng/mL since this is the setting used by our labo-
ratory automatic analyser (Wako i30). Because the cut-oF value of other devices in our
hospital is 20ng/ mL, we also determined whether the diagnostic performance of the
biomarkers changed for a AFP cut-oF value of 20 ng/mL, and we also analysed the di-
agnostic performance of biomarkers for different cut-oF values of AFP-L3 to verify the
reproducibility of our study results."

Target condition and reference standard(s) HCC: HCC was diagnosed based on histological findings or typical imaging characteris-
tics as defined by the Korean Liver Cancer Study Group Guideline.

Control group: the liver cirrhosis (LC) patients in the control group had undergone
imaging studies to exclude HCC.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors reported no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Park 2017a  (Continued)
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Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Park 2017a  (Continued)
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Study characteristics

Patient Sampling The study was aimed to investigate the role of AFP for HCC in pa-
tients with advanced liver cirrhosis waiting for liver transplan-
tation. During 10 years, 2074 adult liver-surgery recipients were
identified. They were divided into two groups as HCC and non-
HCC.

Age range not reported. Males 71%.

Patient characteristics and setting  

Index tests AFP: ROC curve analysis showed that AUC of AFP was 0,693 having
a cut-oF at 6,8 ng/mL with sensitivity of 64.5% and specificity of
64.5%.

Target condition and reference standard(s) HCC: all patients underwent orthotopic liver transplantation
(OLT).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Park 2017b 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Park 2017b  (Continued)

 
 

Study characteristics

Patient Sampling This study was a retrospective analysis of prospectively collected
data
All included patients: i) were aged > 20 years; ii) were diagnosed
histologically or radiologically with cirrhosis, with an estimated
annual HCC risk > 5%; iii) had an Eastern Cooperative Oncology
Group performance status of 0 or 1; and iv) had no previous histo-
ry or current suspicion of HCC

Age range: 29-77. Males 57%

Patient characteristics and setting  

Index tests US examinations in the original study were performed by 4 board-
certified abdominal radiologists specializing in liver imaging (So
Yeon Kim, So Jung Lee, Hyung Jin Won, and Jae Ho Byun) using a
convex probe (SC6-1, Supersonic Imagine SA; Aixplorer, France).
The patient stay duration in the US room ranged from 15 to 20
min.

Park 2020 
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Target condition and reference standard(s) Patients were evaluated by 1 to 3 rounds of surveillance tests, con-
sisting of paired US and gadoxetic acid-enhanced MRI performed
within 7 days at 6 month intervals.

Flow and timing The reference standard was performed within seven days after the
index test.

Comparative  

Notes "The authors declare no conflicts of interest that pertain to this
work."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Park 2020  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Park 2020  (Continued)

 
 

Study characteristics

Patient Sampling A total of 87 patients with chronic hepatitis B (CHB) were enrolled
from 2012 to 2014 at the Hospital das Clínicas of the University
of Sao Paulo School of Medicine, including 32 patients with HBV-
HCC, 30 patients with HBV-liver cirrhosis (LC), and 25 patients with
CHB.

Age range: 19-85. Males 72%

Patient characteristics and setting  

Index tests AFP: cut-oF values prespecified at 20 ng/mL and 200 ng/mL

Target condition and reference standard(s) HCC: HCC was diagnosed using imaging or histopathology tech-
niques, in accordance with guidelines of the Brazilian Society of
Hepatology.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no competing interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Passos-Castilho 2015 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Passos-Castilho 2015  (Continued)

 
 

Study characteristics

Patient Sampling Between January 1986 and December 1987, all patients with his-
tologically-proven cirrhosis, hospitalised in the Hepatogastroen-
terology Unit of Jean Verdier Hospital were considered for inclu-
sion in the study. At the end of hospitalisation, all patients with
Child-Pugh's class A or B cirrhosis without detectable HCC (no
focal lesions at US, serum AFP < 1 5 ng/mL and plasma DCP (di-

Pateron 1994 
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rect current plasma) < 15 mU/ram) were prospectively included
if voluntary consent was given and follow-up appeared feasible.
Included patients were followed up until death or January 1990
(endpoint of the study). Screening protocol included clinical ex-
amination, determination of serum AFP and plasma DCP and US.

Age range not reported. Males 58%

Patient characteristics and setting  

Index tests AFP: determination of AFP was performed by immunoenzymolo-
gy using a commercial kit (Roche Diagnostica Laboratory, Neuilly,
France) (cut-oF value < 15 ng/mL).

US: US was performed by one of two experienced operators with
convex-array real-time scanners (3.5 MHz, model EUB 410, Hitashi
Medical Corp, Tokyo, Japan and Model SDR I SSOXP, Philips Ultra-
sound, Santa Ana, USA ). A focal mass was searched for. The exam-
ination specified tumour echoic pattern, as well as thrombosis of
the portal trunk or branches of the portal vein.

Target condition and reference standard(s) HCC: when an anomaly in test results was detected, additional ex-
plorations were performed, in particular CT scan with injection of
a contrast medium. When US showed a focal mass, guided biopsy
was performed when possible.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Pateron 1994  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pateron 1994  (Continued)

 
 

Study characteristics

Patient Sampling A cross-sectional study was conducted at the Liver Clinic of the All India In-
stitute of Medical Sciences (AIIMS), a tertiary care teaching hospital of In-
dia, between 2001 and 2004.

Patients with cirrhosis (Child’s A and B) of all aetiologies were eligible
for enrolment into the study. The exclusion criteria were: patients with

Paul 2007 
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Child’s C cirrhosis, terminally ill patients, those unable to undergo diag-
nostic tests, those having a history of allergy to iodinated contrast media,
or those with asthmatic bronchitis or severely deranged renal functions.
A total of 301 patients with cirrhosis were enrolled into the study and sub-
jected to detailed clinical evaluation and diagnostic work up. Of these,
195 were found to have only cirrhosis with no HCC, while 107 had cirrhosis
with HCC. Out of these 107 HCC patients, triple-phase CT (TPCT) and AFP
estimation could be done in 101, while US was done in 97 patient only.

Age range not reported. Males 71%

Patient characteristics and setting  

Index tests AFP: serum AFP was estimated by the Axsym system (Abbott Laboratory,
Abbott Park, Ill., USA) based on the microparticle enzyme immunoassay
technology. The best mix of sensitivity and specificity (77.2 and 78.1%, re-
spectively) was seen at a level of 10.7 ng/mL. Other cut-oF values includ-
ed: 20, 50, 100, 200, 300, 400, 500 ng/mL.

Target condition and reference standard(s) HCC: The gold standard for the diagnosis of HCC was either a positive fine
needle aspiration cytology (FNAC) or any two of the following: AFP > 300
ng/mL, arterialisation on any of the imaging techniques, i.e. TPCT or MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes The authors declared that they had no financial conflict of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Paul 2007  (Continued)
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Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Paul 2007  (Continued)

 
 

Study characteristics

Patient Sampling The study included a total of 142 consecutive patients recruited at the De-
partment of Surgery, Oncology and Gastroenterology (DiSCOG) of Padua
University, Italy (66 HCC patients, 35 liver cirrhosis patients, 41 patients
with chronic hepatitis). Ongoing interferon treatment was an exclusion cri-
teria; previous treatment with no response or relapse was accepted.

Age range: 45-78. Males 70%

Patient characteristics and setting  

Index tests AFP: AFP levels were determined by immunoenzymatic chemilumines-
cence; the cut-oF value for normal AFP levels (20 ng/mL) was chosen on
the basis of the European Association for the Study of the Liver (EASL)
guidelines and on the data reported in the majority of the studies on the
topic. Regarding AFP, the cut-oF value for discriminating HCC from CH and
CIRR, taken together, was 14 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was confirmed by either histology with the Ed-
monson grading system [29] or based on the European Association for the

Piciocchi 2013 
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Study of the Liver (EASL) guidelines for HCC management published in
2001 with typical hypervascular lesions identified using one imaging tech-
nique and increased AFP levels. In the absence of diagnostic AFP, hyper-
vascular lesions > 2 cm in patients with liver cirrhosis were confirmed by
two imaging techniques (spiral computed tomography or nuclear mag-
netic resonance). After 2010, the revised AASLD guidelines were adopted,
and diagnosis was made for lesions > 1 cm in the presence of one imaging
technique showing typical arterial enhancement and venous washout.

Flow and timing No information between index test and reference standard

Comparative  

Notes Authors declared no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Piciocchi 2013  (Continued)
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Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Piciocchi 2013  (Continued)

 
 

Study characteristics

Patient Sampling A total of 1502 adult (> 17 years of age) liver transplantations (LTs) were
performed in Argentina between 1 June 2005 and 31 December 2011. Dur-
ing the same period, 763 adult LTs were consecutively performed at four LT
Argentine centres. From this cohort, 643 adult patients with liver cirrhosis
who had a first LT were included in the analysis. Five transplanted patients
had HCC on a noncirrhotic liver and were excluded from the final analysis.
As established by international guidelines, pre-LT monitoring of HCC was
performed in all patients using US with or without a serum α-fetoprotein
(AFP) assay every 6 months (= 180 days).

US performance during waiting list was analysed after excluding those pa-
tients in whom HCC was diagnosed before being included in the waiting
list or during transplant pre-evaluation (n = 71). Of 572 patients with liver
cirrhosis, 58 had HCC.

Age range: 51-67. % of males not reported

Patient characteristics and setting  

Index tests US. No detailed description

Target condition and reference standard(s) "All participant LT programs had a common standardised method to ex-
amine the explanted liver and were sliced at 5 mm to 10 mm thickness. In
addition, the senior liver pathologist from each centre performed macro-
scopic and microscopic evaluation of each nodule of all the explants to
characterise tumour biology including background fibrosis and inflamma-
tion, number and diameters (cm) of HCC nodules, presence of microvascu-
lar invasion (Mvi), and nuclear grade using the modified Edmonson Steiner
grading system."

Pinero 2015 
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Flow and timing The median time from the last screening image (US) to transplantation
was 2.1 months (IR 0.6–4.6 months).

Comparative  

Notes Authors reported no conflicts of interest.

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Pinero 2015  (Continued)
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Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pinero 2015  (Continued)

 
 

Study characteristics

Patient Sampling 131 patients with liver cirrhosis and HCC consecutively observed
in our institution between 1995 and 2000 were included in the
present study (HCC group). From 1998 to 2000, we also enrolled 59
cirrhotic patients without HCC (CIR group).

Age range: 24-84. Males 68%

Patient characteristics and setting  

Index tests AFP: serum levels of AFP were assessed by using a microparticle
enzyme immunoassay performed with commercially available kits
(AxSYM AFP system; Abbott Laboratories, Abbott Park, IL, USA).
Normal values for adults ranged from 5 ng/mL to 15 ng/mL. The
ROC curve analysis identified 20 ng/mL as the best discriminator
between HCC and cirrhotic patients.

Target condition and reference standard(s) HCC: the definitive diagnosis of HCC was based on cytology and/
or histology of ultrasound-guided fine-needle biopsies in 99 cases,
and unequivocal CT findings in 32 cases.

Control group: the 59 cirrhotic patients without HCC (CIR group)
had been biopsy-diagnosed in 21 cases; the other 38 had ultra-
sound signs of cirrhosis and/or ultrasound or endoscopic evi-
dence of portal hypertension with laboratory findings indicative of
chronic liver disease. None presented focal hepatic lesions on ul-
trasound examination.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Pompili 2003 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pompili 2003  (Continued)
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Study characteristics

Patient Sampling Chinese patients who attended the Joint Hepatoma Clinic at the
Prince of Wales Hospital were enrolled in this study. Serum levels
of AFP, albumin, A1AT, A2MG, thyroxine-binding globulin (TBG),
and transferrin were determined in 65 patients with HCC (HCC
group) and 51 patients with liver cirrhosis only (LC group).

Age range: 16-82. Males 79%

Patient characteristics and setting  

Index tests AFP: serum levels of AFP were measured by microparticle EIA
(MEIA, Abbott Laboratories, Chicago, Ill., USA). Cut-oF values were
prespecified: 200 ng/mL and 500 ng/mL.

Target condition and reference standard(s) All HCC cases were histologically confirmed. For the liver cirrho-
sis (LC) group, all the patients were followed for 18 months for any
sign of HCC to exclude participants with asymptomatic HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Poon 2001 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Poon 2001  (Continued)

 
 

Study characteristics

Patient Sampling Three groups were studied:
Group 1: 30 patients (21 males and 9 females, median age: 62.3
years, range: 50–74) affected with histologically-proven HCC. 
Group 2: 30 age- and sex-matched hepatitis B virus and/ or hepati-
tis C virus-related cirrhotic patients with no histologic evidence of
cancer
Group 3: 30 age- and sex-matched healthy volunteer controls, with
no evidence of liver disease and/or of neoplasm.

Age range: 50-74. Males 70%

Patient characteristics and setting  

Index tests AFP: serum A1FP was evaluated using a commercially available kit
(ADVIA Centaur System, Bayer Healthcare, Tarrytown, NJ), and the
results were expressed as Ul/mL. The ‘optimal’ (closest to the up-
per leS corner) cut-oF value was 14 UI/mL for AFP titers.

Porta 2008 
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Target condition and reference standard(s) HCC was histologically proven. LC patients had no histological evi-
dence of HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Porta 2008  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Porta 2008  (Continued)

 
 

Study characteristics

Patient Sampling Patients, who underwent liver resection (LR) or liver transplantation (LT)
for HCC between 2004 and 2011 at Beaujon Hospital, and for whom pre-
operative serum samples were available, were retrospectively included.
Staging was determined according to the Barcelona Clinic Liver Cancer
(BCLC) system. Very early stage HCC (BCLC stage 0) was defined as a sin-
gle lesion 62 cm and was histologically sub-classified into early and pro-
gressed HCC, according to pathological criteria established by the inter-
national consensus group for hepatocellular neoplasia.

Controls were patients with advanced chronic liver disease (CLD) at the
stage of cirrhosis (F4 according to the METAVIR classification) established
by liver biopsy, and enrolled during the same period as HCC cases.

The study included a total of 128 participants: 43 controls and 85 HCC pa-
tients.

Patients who received vitamin K or warfarin were excluded.

Age range: 43-66. Males 89%

Patient characteristics and setting  

Index tests AFP: AFP was determined by an automated system (Elecsys 2010, Roche).
To determine the optimal cut-oF value for PIVKA-II and AFP in diagnosis
of HCC, receiver operating characteristic (ROC) curves were constructed,
and the area under the curve (AUC) was calculated.

Target condition and reference standard(s) HCC: histology and pathology

Control group: control patients were followed in the Department of He-
patology (Beaujon Hospital), and US or computed tomography was per-
formed every six months to exclude HCC.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Pote 2015 
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Pote 2015  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Pote 2015  (Continued)

 
 

Study characteristics

Patient Sampling The studied patients comprised of four groups: 
Group 1: 14 patients with HCC and cirrhosis 
Group 2: 13 with HCC but no evidence of chronic liver disease 
Group 3: 53 with cirrhosis and no HCC 
Group 4: 31 with neither cirrhotic nor malignant liver disease 
Histological confirmation of each diagnosis was obtained by liver
biopsy within 4 weeks of the scanning procedures.

Age range not reported. Males 71%

Patient characteristics and setting  

Index tests US: the ultrasound scans were carried out and reported on by sev-
eral radiologists without knowledge of the histology or other scan
result. Ultrasound was carried out using a real-time sector scanner
(Diasonics DRF1) using a 3.5 MHz probe.

Hepatocellular carcinoma was suggested on ultrasound by the
presence of single or multiple space occupying lesions with al-
tered reflectivity in comparison with the remainder of the liver
parenchyma.

Target condition and reference standard(s) HCC: histological confirmation of each diagnosis was obtained by
liver biopsy within 4 weeks of the scanning procedures.

Control group: the absence of HCC was confirmed in each case by
prolonged follow-up (minimum 9 months) or at autopsy in those
dying earlier.

Flow and timing Histological confirmation of each diagnosis was obtained by liver
biopsy within 4 weeks of the scanning procedures.

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Powell-Jackson 1987 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Powell-Jackson 1987  (Continued)

 
 

Study characteristics

Patient Sampling Patients with HCC treated in Gansu Provincial Hospital from 2016
to 2018 were included.

Qi 2020 
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The inclusion criteria for patients with HCC were as follows: (a)
18-85 years old; (b) patients with pathologically-confirmed HCC;
(c) patients meeting the Chinese guidelines
Standardization of Diagnosis and Treatment for Hepatocellular
Carcinoma (2017 Edition)
The exclusion criteria for patients and controls were as follows:
(a) participants with missing laboratory detection data; (b) partic-
ipant with missing clinical and medical history key data; (c) par-
ticipant with severe haemolysis, microbial contamination or jaun-
dice; (d) participant that did not meet the requirements for sam-
ple collection or treatment; and (e) participant withdrawing from
the trial based on the medical consideration by investigators pa-
tients with non-viral liver diseases (including autoimmune liver
disease, drug-induced liver injury, and fatty liver) and hepatitis
(mainly hepatitis B and hepatitis C) were included in the chronic
disease group

Age range: 35-66. Males 80%

Patient characteristics and setting  

Index tests AFP levels were measured in microparticle chemiluminescence in-
strument (Abbott). No pre-definition of a cut-oF value

Target condition and reference standard(s) HCC: Chinese guidelines 'Standardization of Diagnosis and Treat-
ment for Hepatocellular Carcinoma' (2017 Edition):
(a) according to CT, MRI or ultrasound results, typical imaging le-
sions of HCC are seen, and typical blood flow changes occur in the
lesions
(b) CT, MRI, or ultrasound suggest suspected small nodules, which
are confirmed by positron emission tomography (PET) examina-
tion
Controls: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors have no conflicts of interest to be declared."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Qi 2020  (Continued)

 
 

Study characteristics

Patient Sampling Between April 1993 and July 1994, 147 consecutive patients (88
men and 59 women) with HCV-related chronic hepatitis (CH) at-
tending a specialised out-patient clinic at the University Hospital
of Frankfurt/Main, Germany.

Patients with any evidence of other causes of liver cirrhosis (LC) or
HCC, such as alcoholic liver disease, haemochromatosis, autoim-
mune hepatitis, primary biliary cirrhosis, or alpha-1 antitrypsin
deficiency were not included into the study. A histologically-con-
firmed hepatocellular carcinoma was diagnosed by routine ultra-
sound and CT scan in 7/147 patients (4.8%). All patients with HCC
had coexisting liver cirrhosis.

Age range: 18-74. Males 60%

Patient characteristics and setting  

Index tests AFP: quantitative determination of a-fetoprotein (AFP) was per-
formed by a commercially available standard ELISA kit (Enzy-
mun-Test, Boehringer, Mannheim, Germany). In this two-step
sandwich assay AFP levels > 20 ng/mL are considered elevated.

Target condition and reference standard(s) HCC: a histologically-confirmed hepatocellular carcinoma was
diagnosed by routine ultrasound and CT scan in 7/147 patients
(4.8%).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Raedle 1995 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Raedle 1995  (Continued)

 
 

Study characteristics

Patient Sampling Blood samples were drawn from 711 consecutive patients with
chronic liver disease of various aetiology referred to our outpa-
tient clinic between June 1994 and May 1996. 75 cases of HCC
were found.

Raedle 1998 
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Age range: 14-87. Males 59%

Patient characteristics and setting  

Index tests AFP: quantitative determination of AFP in all patients was
performed by an enzyme immunological assay (Boehringer
Mannheim, Germany). In this two-step sandwich assay, AFP levels
> 20 ng/mL were considered elevated.

Target condition and reference standard(s) HCC: in 52 of 75 cases (69.3%) with HCC the diagnosis was histo-
logically proven. No tissue samples were obtained from patients
presenting with clinically advanced cancer and HCC typical AFP el-
evations or imaging findings.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Raedle 1998  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Raedle 1998  (Continued)

 
 

Study characteristics

Patient Sampling The cross-sectional study included 366 patients with cirrhosis, of
whom supposedly all had AFP sampled. 163 patients received US
as screening test. The AFP analysis included 356 patients - 10 pa-
tients excluded without explanation.

Medical charts of patients with cirrhosis seen at a single tertiary
referral centre (2007-2011) were reviewed. Among other data, use
of and findings from CT or MRI scan within 6 months of receiving
US were recorded for patients who had US as the initial imaging.

Age range not reported. Males 71%

Patient characteristics and setting  

Index tests AFP cut-oF level 20 ng/mL; US no specification

Target condition and reference standard(s) HCC: HCC was diagnosed based on standard criteria on CT or MRI
scan.

Of 163 patients receiving US, 72 received follow-up CT/MRI scan
within 6 months of US examination.

Flow and timing Use of and findings from CT or MRI scan within 6 months of receiv-
ing US was recorded for patients who had US as the initial imag-
ing. No information for AFP.

The AFP analysis included 356 patients. 10 patients excluded with-
out explanation

Ra0 2014 
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Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Ra0 2014  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

No    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Ra0 2014  (Continued)

 
 

Study characteristics

Patient Sampling This is a case-control study which included serum samples from
HCC patients (311) as well as healthy (125) and cirrhotic (30) con-
trols from Shanghai, Vienna, Brno, and Hong Kong. The analysis
included HCC patients and cirrhotic controls.

Exclusion criteria were alterations in liver serology, viral or nonvi-
ral liver disease, as well as other malignancies.

Age range not reported. Males 82%

Patient characteristics and setting  

Index tests AFP: for AFP, the clinically well-established cut-oF value of 20 ng/
mL was used.

Target condition and reference standard(s) HCC: all patients were diagnosed by ultrasound, computed to-
mography or magnetic resonance imaging, AFP and liver enzyme
serology, and histopathologically confirmed by two individual
board certified pathologists after surgical resection.

Controls: people with liver cirrhosis (controls) were histopatho-
logically confirmed and screened for tumour formation by ultra-
sound, computed tomography, or magnetic resonance imaging.

Flow and timing No information on interval between index test and reference stan-
dard. Of 311 HCC patients included, 309 had available AFP values.

Comparative  

Notes Conflicts of interest: K.S. received travel grants from Roche, MSD
and Novartis as well as speaker honorarium from Roche and
Biotest.

Methodological quality

Reichl 2015 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Reichl 2015  (Continued)
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Study characteristics

Patient Sampling "We studied retrospectively 388 consecutive patients with liver cirrhosis,
enrolled in three Italian Hepatology centres.

258 cirrhotic patients with HCC (diagnosis performed from 2010 to 2015),
for whom a serum sample at the time of diagnosis was available; 2) 130
cirrhotic patients on ultrasound (US) surveillance for at least 12 months,
without evidence of HCC and with a serum sample available at the begin-
ning of their follow-up."

Age range 33-88. Males 79%

Patient characteristics and setting  

Index tests "Quantitative measurements of AFP were performed on sera stored at -20°
C since they were obtained at the time of diagnosis in 258 HCC patients
or at a single point evaluation in 130 cirrhotic patients without HCC dur-
ing their surveillance follow-up. AFP serum levels were measured using
fully automated chemiluminescent enzyme immunoassays (CLEIA) on Lu-
mipulse G1200 (Fujirebio Inc, Tokyo, Japan).

Several fixed cut-oF values were used, both overall and according to the
aetiology of CLD. The thresholds used as cut-oFs were arbitrarily chosen
in accordance to previous studies [23–26]: 10–20–100 and 400 ng/mL for
AFP."

Target condition and reference standard(s) Liver cirrhosis was diagnosed by clinical, biochemical, and imaging data
(presence of US signs and transient elastography > 13 kPa) or liver biopsy:
all the patients underwent every 6-month US surveillance during a median
follow-up of 25.2 months.

HCC diagnosis and staging were performed according to European Associ-
ation for the Study of the Liver (EASL) guidelines.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Conflict of interest: none

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Ricco 2018 
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Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ricco 2018  (Continued)

 
 

Study characteristics

Patient Sampling From July 1993 to December 1994, 50 patients underwent a first
elective orthotopic liver transplantation (OLT) at our centre for
end-stage chronic liver disease and were included in this study.
Preoperative imaging included hepatic ultrasonography (ATL, Ul-
tramark 9) and CT (Somatom DR2, Siemens, Erlangen, Germany)

Saada 1997 
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consisting of 1 cm contiguous sections through the entire liver,
prior to and after 75 mL of intravenous contrast agent. Of the 50
cases considered for inclusion, there were protocol violations in
11 due to a donor liver becoming available after Lipiodol admin-
istration but prior to iodised oil computed tomography (IOCT)
examination. Complete pre-OLT imaging was available in the re-
maining 39 patients (14 women, 25 men).

Age range not reported. Males 64%

Patient characteristics and setting  

Index tests Abdomnal US (ATL, Ultramark 9), no definition of positivity criteria

Target condition and reference standard(s) Following transplantation the explant liver was cut into 10 mm
slices. Each slice was closely inspected for atypical nodules ac-
cording to a standard protocol.

Flow and timing The median time between iodised oil computed tomography
(IOCT) and orthotopic liver transplantation (OLT) was 20 days
(range 10 days – 80 days).

Comparative  

Notes  

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Saada 1997  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Saada 1997  (Continued)

 
 

Study characteristics

Patient Sampling The following parameters were measured in 139 cirrhotic patients
(aged 52.0 ± 11.2 years, 32 female, 61 cirrhotic HCC positive and
78 cirrhotic HCC negative) who underwent deceased donor liver
transplantation between January 2008 and April 2011.

Age range: 39-62. Males 77%

Patient characteristics and setting  

Index tests AFP: the most sensitive cut-oF values were calculated by receiver
operating curve (ROC) analysis.

Target condition and reference standard(s) HCC: HCC diagnosis was confirmed by pathological reports.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared no conflict of interest.

Methodological quality

Sadeghi 2015 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Sadeghi 2015  (Continued)
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Study characteristics

Patient Sampling We performed this case-control study from April 2017 to June
2018 on 81 participants divided into 3 groups. Group (1) included
30 patients having HCC, group (2) included 31 patients having liver
cirrhosis (LC) secondary to hepatitis C virus (HCV) infection (HCV-
related LC) from preliminary 80 patients with liver cirrhosis, select-
ed from the inpatients of Kasr Al Ainy University Hospital, Inter-
nal Medicine Department and Group (3) included 20 healthy age-
matched control participants. We excluded patients with liver cir-
rhosis secondary to hepatitis B virus (HBV) infection, autoimmune,
metabolic liver diseases, and on hepatotoxic drugs.

Age range not reported. Males 67%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No predefinition of a
cut-oF value

Target condition and reference standard(s) HCC diagnosed clinically and radiologically by triphasic abdom-
inal CT as recommended by the European Association for the
Study of the Liver (EASL) guidelines. Control: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no conflict of interest, financial, or other-
wise."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

Sadik 2019 
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If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Sadik 2019  (Continued)
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Could the patient flow have introduced bias?   High risk  

Sadik 2019  (Continued)

 
 

Study characteristics

Patient Sampling 90 cirrhotic patients who had evidence of liver nodule(s) at US examina-
tion for the first time and who consecutively attended the liver unit of the
University Hospital of Messina from November 2011 to October 2013 were
enrolled. All of them underwent blood sampling within 1 week before or
after the US identification of liver nodules, and the corresponding serum
samples were aliquoted and stored at 80°C until testing.

Age range: 52-79. Males 72%

Patient characteristics and setting  

Index tests AFP: AFP serum levels were measured on a Lumipulse G1200 (Fujirebio
Inc.), using the LUMIPULSE G AFP-N kit (Fujirebio Tokyo, Japan), respec-
tively, according to the manufacturer’s instructions. All tests were per-
formed in duplicate. To determine the optimal cut-oF value for PIVKA-II
and AFP in the diagnosis of HCC, receiver operating characteristic curves
were constructed using all possible cut-oFs for each assay.

Receiver-operating characteristic curves were plotted to identify PIVKA-II
and AFP cut-oF values that would best distinguish cirrhotic patients with
HCC nodules from patients with regenerative/dysplastic nodules. The opti-
mal cut-oF was 60 mAU/mL for PIVKA-II and 6.5ng/mL for AFP.

Target condition and reference standard(s) All patients were followed up for at least 18 months after US nodule (s) de-
tection through imaging techniques – contrast-enhanced computed to-
mography and/or magnetic resonance imaging – and/or nodule needle
biopsy performed according to the American Association for the Study of
Liver Disease guidelines for HCC management.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors have no funding and conflicts of interest to disclose."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Saitta 2017 
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Could the selection of patients have introduced
bias?

  Unclear risk  

Are there concerns that the included patients and
setting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Saitta 2017  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted on 60 patients (after approval of the ethi-
cal committee); they were selected from the Tropical Medicine Depart-

Salem 2013 
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ment, Cairo University. Patients (aged 40 to 70 years old) were divided
as follows:
Group I: 30 patients with hepatocellular carcinomas (proved by
histopathology or combined triphasic CT and elevated alpha-fetopro-
tein) on top of hepatitis C virus infection as diagnosed by seropositivi-
ty for HCV antibodies
Group II: 30 patients with HCV infection as diagnosed by seropositivity
for HCV antibodies.
Patients with other chronic liver diseases (for example, hepatitis B
virus (HBV)), patients with bony lesions or inflammatory diseases, and
patients with poorly controlled diabetes mellitus or systemic hyper-
tension were excluded.

Age range: 40-70. Males 77%

Patient characteristics and setting  

Index tests Serum alpha fetoprotein assayed using enzymatic immunochemilumi-
nesent using IMMULITE (Semeins). No cut-oF value predefined

Target condition and reference standard(s) - hepatocellular carcinoma (proved by histopathology or combined
triphasic CT and elevated alpha-fetoprotein) on top of hepatitis C virus
(HCV)

- patients with HCV infection as diagnosed by seropositivity for HCV
antibodies

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "All authors disclose that there are not any financial arrangement(s)
they may have with any company related to the submitted manuscript
or with a company making a competing product."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

Salem 2013  (Continued)
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If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Salem 2013  (Continued)

 
 

Study characteristics

Patient Sampling "We conducted a case-control study of patients with HCC and cirrhosis whose clinical
records were available for retrospective reviews at Riyadh Military Hospital (RMH) and
King Khalid University Hospital (KKUH). Patients with HCC were identified by screen-
ing individual hospitals’ computer-based databases and retrieving the results of all
serum AFP performed from January 2006 to March 2008. In total, 210 treatment-naive
patients. A total of 199 unselected, consecutive, control patients with cirrhosis were
identified. As a control group, another 197 biopsy-proven, noncirrhotic chronic hepati-
tis patients with a serum AFP level available within 6 months of the liver biopsy. Four
patients were labelled as HCC, however they did not fulfil the diagnostic criteria de-
scribed above, and therefore were excluded from the analysis. We did not utilise serum
AFP as one of the diagnostic criteria of HCC for the 206 patients included in the analysis
in order to exclude incorporation bias."

Age range: 13-93. Males 61%

Sanai 2010 
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Patient characteristics and setting  

Index tests AFP: AFP was measured by a conventional immunoassay (Elecsys 2010, Roche Diag-
nostics GmbH, Mannheim, Germany). All AFP measurements in HCC cases were record-
ed prior to any therapy for HCC, cirrhosis or chronic hepatitis. Characteristics of test
procedure (sensitivity, specificity, PPV, NPV, likelihood ratios, receiver operating char-
acteristic (ROC) curve, and area under the curve) were used to evaluate the optimal
cut-oF value for AFP.

Target condition and reference standard(s) HCC: "the diagnosis of HCC was established on the presence of hepatic lesions with
typical arterial hypervascularisation and washout in the early or delayed venous phase
on liver CT and/or MRI. All imaging studies were read by radiologists with extensive ex-
pertise in liver radiology. All patients underwent either CT liver and/or MRI. Needle as-
piration or histological sampling was obtained only in conditions when non-invasive
parameters were not diagnostic. We did not utilize serum AFP as one of the diagnostic
criteria of HCC for the 206 patients included in the analysis in order to exclude incorpo-
ration bias.

Control liver cirrhosis group: HCC was excluded by imaging studies [US, CT, and/or
MRI], one of which must have been performed at least 6 months following the mea-
surement of AFP."

Flow and timing The median time between AFP and diagnostic imaging study was 50 days (range 1–364
days).

Comparative  

Notes No conflicts of interest reported

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

No    

Sanai 2010  (Continued)
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Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

No    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Sanai 2010  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted at the Department of Medicine, The King Edward
Medical University, Lahore, from November 2007 to August 2011. Consecutive
patients with HCC presenting the study centre were enrolled (173 cases). Peo-
ple included as controls were 102 consecutive patients with cirrhosis without
evidence of HCC.

Patients with suspicion of ovarian or testicular malignancy on examination or
diagnostic workup were excluded.

Age range: 45-68. Males 65%

Sarwar 2014 
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Patient characteristics and setting  

Index tests AFP: "ROC was used to determine area under curve (AUC) and cut-oF value of
AFP with best possible sensitivity and specificity. We used cut-oF values of 20,
50, 100, 200, and 400 ng/mL for diagnosis of HCC, as mentioned in previous
studies. AFP level with best possible sensitivity and specificity for diagnosing
HCC was determined using ROC curve and it was 20.85 ng/mL with sensitivity
of 72% and specificity of 86.3%."

Target condition and reference standard(s) HCC: "diagnosis of HCC was made in accordance with AASLD guidelines. Con-
trol group: all patients had serum alpha-fetoprotein and abdominal US to ex-
clude HCC. Patients with an elevated AFP (> 20 ng/mlL at enrolment were re-
quired to have a CT or MRI showing no lesion suggestive of HCC. Cirrhotic pa-
tients with nodules larger than 1 cm on US underwent biphasic CT abdomen or
dynamic contrast enhanced MRI. If the appearance was typical of HCC i.e. hy-
pervascular in arterial phase with washout in the portal venous phase, lesion
was regarded as hepatocellular carcinoma. But if the findings were not char-
acteristic or the vascular profile was not typical, a second contrast enhanced
study with other imaging technique was performed or the lesion was biop-
sied. Those with lesion less than 1 cm were not included and were advised fol-
low-up with repeat ultrasonography after 6 months."

Flow and timing Interval between index test and reference standard not mentioned

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Sarwar 2014  (Continued)
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Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sarwar 2014  (Continued)

 
 

Study characteristics

Patient Sampling 61 patients with small (< cm2) HCC, and 134 controls (59 with
chronic hepatitis and 75 with cirrhosis)

Age range not reported. Males 71%

Patient characteristics and setting  

Index tests Serum AFP measurement by conventional radioimmunoassay;
cut-oF value 200ng/mL

Target condition and reference standard(s) US CT histology, follow-up

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Sassa 1999 
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Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Sassa 1999  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sassa 1999  (Continued)

 
 

Study characteristics

Patient Sampling The study included 361 cirrhotic patients who were admitted to
the hospital between 1980 and 1990 and were followed with mea-
surements of AFP and US or CT of the liver every three months. 33
patients were found to have HCC.
Age range and % of males not reported

Patient characteristics and setting  

Index tests Serum AFP concentrations were measured in duplicate by ra-
dioimmunoassay with kits obtained from Dainabot Radioisotope
(Tokyo, Japan). AFP cut-oF prespecified at 30 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on histological findings in
tissue obtained at the time of surgery or US-guided tumour biopsy
and on US, CT, and angiography.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Sato 1993 
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Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sato 1993  (Continued)

 
 

Study characteristics

Patient Sampling "A total of 1255 patients with CHB were retrospectively included at Hallym
University Medical Center, Seoul, Korea, from January 2005 to December
2012. All patients who enrolled in this study demonstrated positivity for
hepatitis B surface antigen for at least 6 months. A total of 1255 patients
were divided into three subgroups: (1) non-cirrhotic CHB (G1, n = 879); (2)
cirrhosis without HCC (G2, n = 219); and (3) HCC (G3, n =157). The exclu-
sion criteria were as follows: the patients who (1) were positive for other
markers of hepatitis such as hepatitis C virus or human immunodeficiency
virus; (2) were heavy alcoholics (more than 80 g of ethanol daily); and (3)
were taking warfarin or antibiotics that might influence the metabolism of
vitamin K."

Age range: 17-97. Males 66%

Patient characteristics and setting  

Seo 2015 
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Index tests AFP: the serum AFP concentrations were determined with a commercial-
ly available electrochemiluminescence immunoassay kit (Elecsys AFP im-
munoassay, Roche, Mannheim, Germany).

To find the optimal cut-oF value of AFP and PIVKA-Ⅱ in the diagnosis of
HCC, the receiver operating characteristic (ROC) curves were plotted us-
ing all possible cut-oF values for each assay. The areas under the ROC (AU-
ROC) curves of PIVKA-Ⅱ, AFP and the combination of the two were calcu-
lated and compared. Youden’s index was calculated as an index of sensi-
tivity and specificity. A P value < 0.05 was considered significant. The best
cut-oF value for AFP was 10 ng/mL.

Target condition and reference standard(s) HCC: all patients with HCC were newly diagnosed, and the diagnosis of
HCC was based on liver histology or appropriate imaging characteristics as
defined by accepted guidelines.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Seo 2015  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Seo 2015  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted on 100 individuals who were divid-
ed into 3 groups; group 1 included 40 patients with newly diag-
nosed HCC, group 2 included 30 patients with liver cirrhosis (LC),
and group 3 included age- and sex-matched apparently healthy
participants serving as a control group. Patients with previous
HCC treatment and liver tumours other than HCC and those with
Barcelona Clinic Liver Cancer (BCLC) stage D were excluded from
the study.

Age range not reported. Males 69%.

Patient characteristics and setting  

Index tests AFP: ROC curve was performed for the best cut-oF point to differ-
entiate between HCC group and LC group using MDK and AFP. The
best cut-oF value was determined at 88.5 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was confirmed according to the 2011
American Association for the Study of Liver Diseases (AASLD) prac-
tice guidelines.

Flow and timing No information on interval between index test and ref. standard

Shaheen 2015 
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Comparative  

Notes The authors declare that there is no conflict of interests regarding
the publication of this paper.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Shaheen 2015  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shaheen 2015  (Continued)

 
 

Study characteristics

Patient Sampling This study was conducted on 120 Egyptian adults who were divid-
ed into three groups. 
Group I: 40 patients with HCC, post HCV infection 
Group II: 40 patients with HCV infection who were further subdi-
vided into 2 groups according to presence of cirrhosis: 20 patients
with cirrhotic liver and 20 patients with non-cirrhotic liver. 
Group III: 40 age- and sex-matched healthy individuals as a control
group. 
Patients with chronic HBV infection, patients who received anti-vi-
ral therapy for HCV infection or any loco-regional therapy for HCC
were excluded.

Age range 43-67. Males 51%

Patient characteristics and setting  

Index tests AFP: cut-oF value of 400 ng/mL prespecified

Target condition and reference standard(s) HCC: diagnosis was done according to European Association for
the study of the liver (EASL) guidelines. Group I and II patients
were subjected to ultrasound to document the presence of cir-
rhosis and hepatic focal lesion(s). Only patients with hepatic focal
lesion(s) underwent Triphasic abdominal CT for the diagnosis of
HCC.

Flow and timing No data on interval between index test and reference standard

Comparative  

Notes All authors have no conflict of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Shaheen 2018 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

488



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shaheen 2018  (Continued)

 
 

Study characteristics

Patient Sampling Plasma samples were collected following informed consent from
patients enrolled at the University of Michigan (Ann Arbor, MI) (Co-
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hort 1). The cohort included 40 HCC patients, 73 cirrhosis patients,
32 with CHC, and 28 healthy controls.

Age range 22-77. Males 67%

Patient characteristics and setting  

Index tests AFP: cut-oF prespecified at 20 ng/mL

Target condition and reference standard(s) HCC was diagnosed according to the American Association for the
Study of Liver Diseases (AASLD) practice guidelines.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Potential conflict of interest: nothing to report

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Shang 2012a  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shang 2012a  (Continued)

 
 

Study characteristics

Patient Sampling The second cohort (cohort 2) included patients at the National
Cancer Institute (NCI) of Thailand: 91 HCC patients, 23 with cirrho-
sis or CHB, and 25 healthy controls.

Age range: 32-81. Males 76%

Patient characteristics and setting  

Index tests AFP: cut-oF prespecified at 20 ng/mL

Target condition and reference standard(s) HCC: HCC diagnosis was based on a clinical algorithm, including
imaging (i.e. ultrasonography [US] and computerised tomogra-
phy) and biochemistry (i.e. AFP and liver-function enzyme testing).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "No conflicts of interest to report"

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Shang 2012b 
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Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shang 2012b  (Continued)
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Study characteristics

Patient Sampling A total of 43 people from Nigeria, in three cohorts, were recruit-
ed for study: 18 patients with radiologically-proven (ultrasound or
computed tomography) HCC; 10 patients with clinically-confirmed
cirrhosis with features of portal hypertension, but no HCC; and 15
healthy people from Nigeria as controls.

Age range: 23-85. Males 71%

Patient characteristics and setting  

Index tests AFP: serum AFP was measured using an automated Siemens Im-
mulite 2500 Analyzer (Deerfield). Cut-oF prespecified: 20 IU/L (24.2
ng/mL)

Target condition and reference standard(s) HCC: US or CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Shari0 2010 
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shari0 2010  (Continued)

 
 

Study characteristics

Patient Sampling Patients were recruited at six hospital sites around the UK:
London, Manchester, Newcastle, Nottingham, Plymouth and
Southampton. 13 patients with HCC and 25 with cirrhosis were in-
cluded. Exclusion criteria included those patients not meeting the
diagnostic criteria for HCC and cirrhosis, those patients with HCC
who had undergone curative resection or transplant, patients co-
infected with HIV virus and those samples identified as outliers on
principal component analysis.

Age range: 28-82. Males 66%

Patient characteristics and setting  

Index tests AFP: cut-oF values predefined at 20, 200 and 400 IU/mL (24,2, 242,
and 484 ng/mL)

Target condition and reference standard(s) HCC was diagnosed with two confirmatory imaging modalities
and cirrhosis with histological and/or radiological confirmation.

Flow and timing No information on interval between index test and reference stan-
dard.

Comparative  

Shari0 2016 
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Notes "No conflicts of interest to declare"

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Shari0 2016  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shari0 2016  (Continued)

 
 

Study characteristics

Patient Sampling A total of 138 consecutive patients with liver disease (70 HCC; 38 cir-
rhosis; 30 chronic hepatitis) who attended the Liver Clinic from June
2006 to March 2009 at Post Graduate Institute of Medical Education
and Research, Chandigarh, India and 30 healthy volunteers were in-
cluded in the study. All patients were naive to treatment and did not
receive any antiviral therapy for hepatitis B, or C, or HCC-directed ther-
apy like TACE, RFA, PEI, or resection prior to inclusion.

Age range: 26-70. Males 83%

Patient characteristics and setting  

Index tests AFP: PIVKA-II and AFP levels were measured in all the patients and
healthy volunteers using commercially available kits according to the
manufacturer’s instructions. Kits for the plasma PIVKA-II and serum
AFP levels were purchased from Diagnostica Stago, France, and Smart
Diagnostics, Israel, respectively.

Receiver operating characteristics (ROC) curves were constructed to
compare the performance and also to set the optimal cutoff value of
AFP and PIVKA-II.

Target condition and reference standard(s) HCC: histological confirmation or two concordant imaging studies
with typical findings of HCC, which includes a high-density mass in the
arterial phase and a low-density mass in the portal phase on dynamic
computed tomography or magnetic resonance imaging (MRI).

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  
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Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sharma 2010  (Continued)

 
 

Study characteristics

Patient Sampling We recruited consecutive patients with HCC to a test cohort, from the Liv-
er Cancer Institute, Zhongshan Hospital, Fudan University, Shanghai, Chi-
na, from December, 2008, to June, 2009. We also recruited consecutive
patients with chronic hepatitis B virus (HBV) or liver cirrhosis and healthy
controls from the Department of Infectious Disease, First Affiliated Hospi-
tal of Soochow University, Suzhou, China, from April to July, 2009. The test

Shen 2012a 
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cohort included 831 patients (424 HCC patients, 98 with chronic hepatitis
B (CHB), 96 patients with liver cirrhosis, and 213 healthy controls).

Patients who had a history of other solid tumours were excluded from the
study.

Age range: 42-68. Males 80%

Patient characteristics and setting  

Index tests AFP: AFP concentrations were measured with commercially available
ELISA (R&D Systems), according to the manufacturer’s recommendations.
Cut-oF value was prespecified at 20 ng/mL.

Target condition and reference standard(s) HCC: HCC was defined on the basis of ultrasound, CT, or MRI characteris-
tics and biochemistry (AFP serology and liver function enzymes), and was
confirmed by histopathology, according to the American Association for
the Study of Liver Diseases guidelines. Control group: patients with cirrho-
sis who had raised AFP concentrations were required to have undergone
imaging by multiple methods (ultrasonography, CT, or MRI) and to have
had no evidence of a hepatic mass for at least 3 months before enrolment.

Flow and timing No information on interval between index test and reference standard; 98
CHB patients were included in the control group out of which 41 had AFP
values available.

Comparative  

Notes "The authors declare no conflicts of interest"

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Shen 2012a  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Shen 2012a  (Continued)

 
 

Study characteristics

Patient Sampling A validation cohort comprising patients with HCC, chronic HBV infec-
tion, and cirrhosis and healthy controls was recruited from Eastern
Hepatobiliary Surgery Hospital, Second Military Medical University,
Shanghai, China, from July 2010, to June, 2011. The validation cohort
included 453 patients (209 HCC, 73 chronic hepatitis B (CHB), 72 liver
cirrhosis, and 99 healthy patients).

Patients who had a history of other solid tumours were excluded from
the study.

Age range: 45-69. Males 66%

Patient characteristics and setting  

Shen 2012b 
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Index tests AFP: AFP concentrations were measured with commercially available
ELISA (R&D Systems), according to the manufacturer’s recommenda-
tions. Cut-oF value was prespecified at 20 ng/mL

Target condition and reference standard(s) HCC: HCC was defined on the basis of ultrasound, CT, or MRI charac-
teristics and biochemistry (AFP serology and liver function enzymes),
and was confirmed by histopathology, according to the American As-
sociation for the Study of Liver Diseases guidelines. Control group: pa-
tients with cirrhosis who had raised AFP concentrations were required
to have undergone imaging by multiple methods (ultrasonography,
CT, or MRI) and to have had no evidence of a hepatic mass for at least 3
months before enrolment.

Flow and timing No information on interval between index test and reference standard

73 CHB patients were included in the control group, out of which 55
had AFP values available.

Comparative  

Notes "The authors declare no conflicts of interest."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Shen 2012b  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

500



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Shen 2012b  (Continued)

 
 

Study characteristics

Patient Sampling Authors have carried out a prospective study of HBV carriers in the
greater Toronto area, using serum AFP and US as the screening
tests for HCC. Individuals who tested positively for hepatitis B sur-
face antigen for more than 6 months and who were over the age
of 18 years were eligible. Between February 1989 and March 1994,
1069 chronic hepatitis B (CHB) carriers were referred to the Liv-
er Cancer Screening Program. A total of 13 participants with HCC
were identified. 538 participants were randomised to be screened
with US and AFP (data for accuracy of US only is provided in this
cohort).
Age range: 27-51. Males 65%

Patient characteristics and setting  

Index tests AFP: AFP assay (normal value < 5 ng/mL) was also performed by
commercial kit (Abbott Laboratories). Cut-oF prespecified at 20
ng/mL. US: patients who were randomised to US had high-resolu-
tion real-time US examination of the upper abdomen. US criteria
for further evaluation: liver mass

Target condition and reference standard(s) HCC: the diagnosis of HCC was confirmed by histological examina-
tion of tissue obtained from liver biopsy or surgical resection, or
the combination of diagnostically increased AFP plus typical fea-
tures on ultrasonography or computed tomography.

Flow and timing No information on interval between index test and reference stan-
dard. In 11 women (10%), the increase in serum AFP levels was

Sherman 1995 
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caused by pregnancy. These were excluded from specificity and
sensitivity calculations because there was no uncertainty about
the cause in these cases.

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Sherman 1995  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Sherman 1995  (Continued)

 
 

Study characteristics

Patient Sampling This is a case-control study which included 56 liver cirrhosis pa-
tients with HCC and 34 liver cirrhosis patients without HCC. In the
liver cirrhosis only group: three of the 39 patients who had devel-
oped HCC within one year and 2 patients with warfarin therapy
were excluded.

Age range: 35-84. Males 79%

Patient characteristics and setting  

Index tests AFP: serum AFP levels were measured by EIA (TOSOH, Yamaguchi,
Japan). Cut-oF values predefined at 20, 100, and 200 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on histological findings in
tissue obtained at the time of surgery (n = 6) or ultrasonography
guided tumour biopsy (n = 25) in 31 patients. For the remaining
25 patients, the diagnosis was made by imaging modalities, such
as ultrasonography, computed tomography, magnetic resonance
imaging, and angiography, or was based on elevated serum con-
centrations of AFP or des-gamma-carboxyprothrombin (DCP).

Liver cirrhosis control group: all of the patients were regularly
checked at 1- or 2-month intervals, at 3-month intervals for ultra-
sonography and every 12 months for computed tomography in or-
der to detect HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Shimizu 2002 
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Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Shimizu 2002  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shimizu 2002  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study included 162 patients with HCC and 130
patients with LC and no HCC. Patients were recruited from First Af-
filiated Hospital of Guangxi Medical University (Nanning, China)
between February 2007 and March 2009.

Age range not reported. Males 78%

Patient characteristics and setting  

Index tests AFP: the clinically acceptable normal serum AFP was defined as <
20 ng/mL.

Target condition and reference standard(s) Liver cirrhosis and HCC diagnosis was confirmed by ultrasound
imaging and biopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

Shu 2010 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Shu 2010  (Continued)

 
 

Study characteristics

Patient Sampling Patients followed between Jun 2013 and May 2014 at the Liver Disease
Unit–Internal Medicine Department and Hepatic Transplantation Unit
at Coimbra Hospital and University Centre were included. A total of 90
consecutively-observed patients with alcoholic cirrhosis (AC) were in-
cluded and divided into two groups. 
Group I: 45 patients with AC 
Goup II: 45 patients with AC and HCC

All patients had a history of alcohol intake > 60 g/day for more than 10
years. Other causes of liver disease (HBV, HCV, autoimmune and meta-
bolic diseases) were excluded.

Age range: 48-72. Males 99%

Simão 2015 
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Patient characteristics and setting  

Index tests AFP: serum AFP levels were measured with the same sample by the
chemiluminescence method using IMMULITE® 2000 AFP kit (Siemens
Healthcare Diagnostics, Tarrytown, New York) according to the manu-
facturer’s instructions. Receiver operating characteristics (ROC) analy-
sis was used to evaluate the diagnostic value of AFP, and to identify
the optimal threshold values. The sensitivity and specificity of AFP lev-
els in HCC relative to AC group were 57.8 % and 93.3 %, respectively, at
a cut-oF value of 8.2 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was based according to the non invasive cri-
teria of EASL–EORTC (European Organization for Research and Treat-
ment of Cancer) Clinical Practice Guidelines on Management of HCC.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors declare that they have no competing interests."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Simão 2015  (Continued)
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Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Simão 2015  (Continued)

 
 

Study characteristics

Patient Sampling Between January 2004 and September 2006, consecutive patients
with cirrhosis were prospectively identified and entered into a sur-
veillance program using ultrasound and AFP. Patients were enrolled
from the University of Michigan (Ann Arbor, MI) General Hepatology
or Liver Transplant outpatient clinics if they had Child-Pugh class A
or B cirrhosis and absence of known HCC at the time of initial evalu-
ation.

Exclusion criteria included clinical evidence of significant hepat-
ic decompensation (refractory ascites, grade III–IV encephalopa-
thy, active variceal bleeding, or hepatorenal syndrome), co-morbid
medical conditions with a life expectancy of less than 1 year, prior
solid organ transplant, and a known extrahepatic primary tumour.
HCC cases diagnosed within the first 6 months of enrolment (preva-
lent cases) were excluded.

Age age: 24-82. Males 59%

Patient characteristics and setting  

Index tests AFP and US: patients with an AFP level greater than 20 ng/mL or
mass lesion on ultrasound underwent further evaluation.

Target condition and reference standard(s) HCC: HCC was diagnosed using AASLD guidelines, and the
Barcelona Clinic Liver Cancer (BCLC) system was used for tumour
staging. For tumours greater than 2 cm in size, the diagnosis was
made by the presence of a typical vascular pattern on dynamic
imaging (arterial enhancement and washout on delayed images) or
an AFP level greater than 200 ng/mL. For tumours with a maximum
diameter of 1 cm to 2 cm, the diagnosis was made by the presence

Singal 2012 
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of a typical vascular pattern on 2 dynamic imaging studies or histol-
ogy. Absence of HCC was determined by imaging lacking any sus-
picious appearing masses within 6 months of enrolment. Patients
with an AFP level greater than 20 ng/mL at enrolment were only in-
cluded if computed tomography (CT) or MRI confirmed the absence
of any suspicious masses within 3 months of enrolment.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No potential conflicts of interests were disclosed.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting
do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

Singal 2012  (Continued)
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DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and ref-
erence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Singal 2012  (Continued)

 
 

Study characteristics

Patient Sampling This was a retrospective study conducted at the Baylor Regional Trans-
plant Center, including Baylor University Medical Center in Dallas, TX and
Baylor All Saints Hospital in Fort Worth, TX, USA. The study group consist-
ed of patients with cirrhosis who were discovered to have HCC, either be-
fore or at the time of orthotopic liver transplantation. Participants without
HCC who were transplanted during the same time period served as con-
trols.

2372 patients were approved for listing and underwent transplant at Bay-
lor between January 1, 1988 and December 31, 2004. HCC was present in
239 (10.1%) patients who underwent transplantation.

Age range: 17-32. Males 73%

Snowberger 2007 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

510



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Patient characteristics and setting  

Index tests "AFP: a normal AFP in our laboratory is less than 8.9 ng ⁄ mL."

Target condition and reference standard(s) HCC: all cases of HCC identified by imaging before transplant were con-
firmed by pathologic examination of the explanted liver and these cases
were defined as known. Cases only identified in the explant were labelled
as incidental. All patients underwent liver transplantation.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Conflicts of interest: declaration of personal interests: Drs. Snowberger,
Chinnakotla, Lepe, and Goldstein have no interests to declare. Ms. Peat-
tie has no outside interests to declare. Dr. Klintmalm receives clinical re-
search funding from AbSorber, Astellas, Genxyme, Isotechnika, Novartis,
Pfizer, Roche, and Y’s Therapeutics. Dr. Davis receives clinical research
funding from Roche, Schering-Plough, Human Genome Science, and Ver-
tex. Declaration of funding interests: This study was funded entirely by the
Baylor Regional Transplant Institute"

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Snowberger 2007  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Snowberger 2007  (Continued)

 
 

Study characteristics

Patient Sampling Prospective cohort of patients with cirrhosis

Age range: 52-62. Male 57%

Patient characteristics and setting  

Index tests Ultrasound; positivity criteria according to US LI-RAD category

Target condition and reference standard(s) CT MRI pathological examination

Flow and timing MRI within 7 days, additional CT within 3 months

Comparative  

Notes Conflicts of interest present and reported

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Son 2019 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Son 2019  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Son 2019  (Continued)

 
 

Study characteristics

Patient Sampling Among 234 HCC patients diagnosed at the liver clinic of our insti-
tution, the Asan Medical Center, for a year (from May 1998 to April
1999), 42 patients (17.9%) had small HCC.

Age range: 32-75. Males 88%

Patient characteristics and setting  

Index tests AFP: serum AFP levels were determined using a commercial-
ly-available radioimmunoassay kit (Abbott Laboratories, North
Chicago, IL). Cut-oF values pre-specified at 20, 100, 200, 400 ng/
mL

Target condition and reference standard(s) HCC: HCCs were diagnosed clinically in patients with hypervas-
cular mass in the liver and serum AFP levels exceeding 400 ng/
mL (n = 8) or through histological means (n = 30). Control group:
ultrasonography was performed at 3-6 month intervals for a fol-
low-up period of 12 months or more to determine the presence or
absence of intrahepatic masses, which were not found in liver cir-
rhosis control group.

Flow and timing No interval between index test and reference standard

Comparative  

Notes No data on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Song 2002 
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Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Song 2002  (Continued)
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Study characteristics

Patient Sampling This is a prospective cohort study which included consecutive pa-
tients with HBV-associated liver cirrhosis from 2003 to 2007. All
patients underwent AFP and US as screening modalities. 561 pa-
tients were included, out of which 87 patients developed HCC.
Exclusion criteria: other malignancies, detection of HCC within 6
months of enrolment.

Age range: not reported. Males 71%

Patient characteristics and setting  

Index tests AFP: cut-oF predefined at 15.5 IU/mL (18,76 ng/mL)

Target condition and reference standard(s) HCC was confirmed by CT or MRI.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No potential conflicts of interest reported

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Song 2011 
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Song 2011  (Continued)

 
 

Study characteristics

Patient Sampling This is a case-control study which included consecutive patients
divided into five groups. 
The groups of interest are the following.
1) HCC group, which involved HCC patients proved by pathology
after hepatic resection (550 cases) 
4) Chronic liver disease group (85 cases), which involved patients
with hepatitis or liver cirrhosis

Age range: 15-82. Males 87%

Patient characteristics and setting  

Index tests AFP: serum AFP levels were tested using a commercial ELISA kit
in accordance with instructions from the manufacturer (Biocell
Biotech, Zhengzhou, China). Youden's index was calculated as an
index of sensitivity and specificity. To determine the optimal cut-
oF values for DCP and AFP to diagnose HCC, receiver operating
characteristic (ROC) curves were created using all possible cutoffs
for each assay. The optimal cut-oF value for AFP was 21 ng/mL.

Target condition and reference standard(s) HCC: HCC patients proved by pathology after hepatic resection

Flow and timing No information on interval between index test and reference stan-
dard

Song 2014 
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Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Song 2014  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Song 2014  (Continued)

 
 

Study characteristics

Patient Sampling Patients with liver cirrhosis or HCC, admitted to Qingdao Sixth
People’s Hospital from July 2014 to November 2017, were enrolled
in this study. Patients with hepatitis C virus infection, alcoholic liv-
er disease, and biliary cirrhosis were excluded.
Age range not reported. Males 72%

Patient characteristics and setting  

Index tests Serum levels of AFP were detected using a fully automated chemi-
luminescent enzyme immunoassay. The predefined cut-oF value
was 10 ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was made based on the imaging or
histopathology findings. Patients with liver cirrhosis (LC) were di-
agnosed by liver biopsy and also underwent magnetic resonance
imaging or computed tomography screening to exclude the pos-
sibility of HCC. Further follow-up for at least 12 months was per-
formed to ensure that no LC patients developed HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no conflict of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Song 2020a  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Song 2020a  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples from 80 patients with hepatitis B virus (HBV) infec-
tion and HCC (HCC group), 80 patients with HBV-related liver cir-
rhosis (LC group), 80 patients with chronic hepatitis B virus infec-
tion (HBV group) or 80 healthy controls (HC group).
Age range: 32-76. Males 88%

Patient characteristics and setting  

Index tests AFP was detected using electrochemiluminescence immunoassay
(Elecsys and cobas e analyzers, Roche Diagnostics Mannheim, Ger-
many)
No predefinition of a cut-oF value.

Target condition and reference standard(s) The diagnosis of primary HCC was based on guidelines of the
American Association for the Study of Liver Diseases [22]. All pa-
tients were diagnosed either by histopathological results after sur-
gical resection or by imaging findings (ultrasound, computed to-
mography or magnetic resonance) combined with AFP serum lev-
els. Controls: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflicts of interest relevant to this article were not reported.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Song 2020b  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Song 2020b  (Continued)

 
 

Study characteristics

Patient Sampling Consecutive HCC patients with cirrhosis caused by hepatitis B
virus (HBV) or hepatitis C virus (HCV), who were treated at the De-
partment of Gastroenterology, of the University of Tokyo Hospital,
Tokyo, Japan, between January and April 2010, were enrolled (n
= 147). Patients with cirrhosis caused by hepatitis B virus (HBV) or
hepatitis C virus (HCV), but who did not have HCC (n = 92), were al-
so enrolled.
Age range not reported. Males 63%

Patient characteristics and setting  

Index tests Methods for AFP determination were not explained. The cut-oF
value was 20 ng/mL.

Target condition and reference standard(s) Diagnosis of cirrhosis was based on the presence of clinical and
laboratory features indicating portal hypertension (the presence
of oesophageal varices and/or collateral circulation as observed
using an endoscopy, ultrasonography, CT, or MRI). The diagnosis
of HCC was made by a dynamic CT or MRI, with hyperattenuation
during the arterial phase and washout during the late phase re-
garded as definite signs of HCC.

Flow and timing Blood samples were drawn within one month after the diagnosis
and prior to the initiation of treatment in HCC patients. In non-
HCC patients, blood samples were obtained within one month
since the last surveillance imaging, and the absence of HCC was
confirmed at least 6 months after the analysis of blood samples.

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Soroida 2012 
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Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Unclear risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Soroida 2012  (Continued)

 
 

Study characteristics

Patient Sampling Between June 1 2000, and June 30 2004, there were 372 patients who met eli-
gibility criteria and were enrolled and followed up prospectively by the 7 par-
ticipating hospitals.

Patient inclusion criteria were age 40 to 70 years and a clinical history of cir-
rhosis diagnosed by histology or a combination of clinical, biochemical, and
imaging findings or newly diagnosed HCC. All patients were positive for hepati-

Sterling 2009 
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tis C virus (HCV) RNA or HCV antibody on a commercial assay. Patients were ex-
cluded if they had cancers other than HCC, recurrent HCC, HCC larger than 5
cm on imaging, were pregnant, or currently were undergoing interferon thera-
py.

Age range: 45-64. Males 74%

Patient characteristics and setting  

Index tests AFP: AFP, AFP-L 3%, and des-gamma-carboxy prothrombin (DCP) levels in
serum were measured using the LiBASys automated immunologic analyser
(Wako Pure Chemical Industries, Ltd., Osaka, Japan). A generally accepted cut-
oF value of 20 ng/mL for AFP was used for analysis.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made based either on histology or by the Euro-
pean Association for the Study of the Liver criteria as follows: presence of cir-
rhosis and a newly diagnosed focal lesion 2 cm or larger with arterial enhance-
ment on 2 imaging studies (including ultrasound, contrast-enhanced comput-
ed tomography, contrast magnetic resonance imaging, or angiography) or a
focal lesion 2 cm or larger with arterial enhancement on one imaging study as-
sociated with a total AFP level greater than 400 ng/mL.

Patients without HCC at study entry were followed up every 3 to 6 months for
up to 24 months for development of HCC. At each study visit, total AFP, AFP-
L3%, and DCP were obtained (Wako Diagnostics, Richmond, VA). Liver imaging
was performed at baseline and every 6 to 12 months as per standard protocol
at each centre.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors disclose no conflicts of interest."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

No    

Sterling 2009  (Continued)
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sterling 2009  (Continued)

 
 

Study characteristics

Patient Sampling Patients in the HALT-C Trial were tested every 3 months for 42 months.
Screening ultrasound was performed every 12 months.
Age range and % males not reported

Patient characteristics and setting  

Index tests The absolute cut-oF values were: AFP = 20, = 50, or = 200 ng/mL.

Target condition and reference standard(s) Definite HCC was defined by histological confirmation or by the ap-
pearance of a new mass lesion on imaging with AFP levels increasing
to ≥1,000 ng/mL.

Sterling 2012 
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All patients were required to have an ultrasound, computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) with no evidence of
hepatic mass lesions suspicious for HCC and a serum AFP < 200 ng/
mL prior to enrolment (protocol exceptions were allowed for three pa-
tients who had AFP values of 206, 212, and 315 ng/mL, respectively,
and negative imaging).

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Financial relationships of the authors with Hoffmann-La Roche, Inc.
(now Genentech), are as follows:
R.K. Sterling is a consultant and receives research support; T.R. Mor-
gan receives research support; J.C. Hoefs is on the Speaker's Bureau;
A.M. Di Bisceglie is a consultant and receives research support; and
A.S. Lok is a consultant and receives research support. Financial re-
lationships of the authors with Wako Diagnostics (a division of Wako
Chemicals USA, Inc.) are as follows:
R.K. Sterling is a consultant; and T.R. Morgan receives research sup-
port. Authors with no financial relationships related to this project are:
E.C. Wright, L.B. Seeff, and J.L. Dienstag."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Sterling 2012  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sterling 2012  (Continued)

 
 

Study characteristics

Patient Sampling From the 4434 patients with at least one hospital record, we selected
all patients with virus-related cirrhosis. For patients with a HCC, we
selected those with hospital serum samples available at time of HCC
diagnosis. Patients with cirrhosis and without HCC were selected for
the control group (two controls: one HCC). Patients who were treat-
ed with vitamin K antagonists were excluded. Overall, 162 patients
with virus-related cirrhosis were retrospectively recruited from 2011 to
2015. Overall, 162 patients with cirrhosis were selected: 46 (28%) pa-
tients had HCC and 116 (72%) patients were control patients.

Age range: 47-64. Males 62%

Patient characteristics and setting  

Index tests "AFP: we used serum samples designated for AFP determination. After
collection of blood, the tubes were centrifuged at +18°C for 15 minutes
at 3000 g, aliquoted and kept frozen at −30°C until analysis. A 20 ng/
mL threshold was used for AFP."

Target condition and reference standard(s) HCC: diagnosis of HCC was ascertained following the recommended
guidelines based on imaging criteria (ultrasonography, computed to-
mography scanning and magnetic resonance imaging) with or with-
out elevated serum AFP concentration. Control patients: all control
patients had viral-related cirrhosis and were enrolled during the same
period as HCC patients. The absence of HCC was confirmed 1 year af-
ter the time of tumour biomarker measurement.

Sultanik 2017 
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Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "The authors declare no potential conflicts of interest for this study."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Sultanik 2017  (Continued)
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Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sultanik 2017  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study included Hong Kong Chinese patients with
chronic HBV infection. The cohorts of interest were HCC patients
(88) and non-neoplastic control patients (64).

Age range: 30-67. Males 69%

Patient characteristics and setting  

Index tests AFP: pre-defined cut-oF values were: 20, 100, 400 ng/mL.

Target condition and reference standard(s) HCC: CT, MR, histology

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

Sun 2010 
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If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sun 2010  (Continued)

 
 

Study characteristics

Patient Sampling The study included 146 HCV-infected patients; 40 patients with
early-stage HCC and 106 non-malignant HCV-associated chronic
liver disease.

Age range not reported. Males 63%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No definition of a cut-
oF value

Target condition and reference standard(s) All HCC patients were on top of HCV cirrhosis and were confirmed
by histological examination. Diagnosis of HCV-related chronic liver
disease was based on standard clinical, biochemical, serological,

Sun 2020 
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and ultrasonographic criteria, as well as the histopathological da-
ta obtained at liver biopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Conflicts of interest: the authors declare that they have no com-
peting interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Sun 2020  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sun 2020  (Continued)

 
 

Study characteristics

Patient Sampling Recruitment criteria included patients aged over 18 years who
were referred by the gastroenterology department with chronic
liver disease for hepatocellular carcinoma screening liver ultra-
sound. Exclusion criteria included the presence of a known mass
as indicated on the ultrasound request form, non-English speak-
ing (due to inability to gain informed consent), or contraindica-
tions to MRI such as pacemaker or contraindicated metallic im-
plant.

Age range: 27-80. Males 72%.

Patient characteristics and setting  

Sutherland 2017 
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Index tests US: the US studies were reviewed by a single abdominal radiolo-
gist. Ultrasound lesions were considered suspicious if they were
solid and were not clearly focal fat infiltration or focal fat sparing.

Target condition and reference standard(s) HCC: gold standard for the diagnosis of HCC was by the American
Association for the Study of Liver Diseases (AASLD) practice guide-
lines of arterial phase hyperenhancement followed by washout on
either CT or MRI, or by histology (biopsy or resection).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No authors have conflicts of interest to declare.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Sutherland 2017  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Sutherland 2017  (Continued)

 
 

Study characteristics

Patient Sampling Group 1: 40 cirrhosis patients with primary HCC
Group 2: 30 cirrhosis patients without HCC, proved by history, clin-
ical examination, laboratory, and US findings
Group 3: 15 healthy control individuals
Inclusion criteria: a confirmed clinical picture of cirrhosis, with
positive US and routine laboratory tests for cirrhosis, age > 50
years

Age range not reported. Males 80%

Patient characteristics and setting  

Index tests Serum AFP is quantified using chemiluminescence immunonoas-
say kit manufactured by SIEMENS Health Care Diagnostic Prod-
ucts, LTD

No predefinition of a cut-oF value

Target condition and reference standard(s) HCC: a positive US and triphasic CT for malignant focal lesion. Cir-
rhosis: confirmed clinical picture of cirrhosis, with positive US and
routine laboratory tests for cirrhosis

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no conflicts of interest."

Methodological quality

Tahon 2019 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Tahon 2019  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tahon 2019  (Continued)

 
 

Study characteristics

Patient Sampling A retrospective review of medical records was performed includ-
ing 61 consecutive patients aged ≥ 20 years with cirrhosis, of
whom 41 (67.2%) developed HCC and visited the Nara Medical
University, Kashihara, Nara, Japan between April and November
2016.

Age range: 67-79. Males 69%

Patient characteristics and setting  

Index tests The serum AFP level was determined by enzyme-linked im-
munosorbent assay using a commercially available kit.
The predefined cut-oF value: 10 ng/mL

Target condition and reference standard(s) Diagnosed using dynamic contrast-enhanced CT (DCE-CT), DCE-
MRI, or DCE ultrasound (DCE-US)

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Takaya 2019 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

537



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Takaya 2019  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Takaya 2019  (Continued)

 
 

Study characteristics

Patient Sampling 628 patients who were admitted to Iwate Medical University Hospi-
tal or its affiliated hospitals served as the study population. It includ-
ed 116 patients with HCC (104 with and 12 without liver cirrhosis), 9
with cholangiocellular carcinoma, 18 with metastatic liver cancer, 29
with acute hepatitis, 128 with chronic hepatitis, 253 with liver cirrho-
sis without HCC, 6 with primary biliary cirrhosis, 2 with focal nodular
hyperplasia of the liver, 6 with hepatic haemangioma, 1 with liver ab-
scess, 20 with fatty liver, 22 with extrahepatic malignancies, 13 with
disseminated intravascular coagulation syndrome, and 5 asympto-
matic carriers of hepatitis B virus.

Age range and % males not reported

Patient characteristics and setting  

Index tests AFP: serum levels of AFP were measured by a latex immuno-agglutina-
tion assay kit (LA-AFP'Eiken', Eiken chemical Co., Tokyo). Cut-oF val-
ues were prespecified at 20, 100, 200, and 400 ng/mL. Alpha-foetopro-
tein had the highest validity, at the cut-oF value of 100 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made histologically in 53 patients, and
in others by typical findings of imaging methods including ultrasonog-
raphy, computerized tomography, and angiography.

Control group: patients with cirrhosis were followed for at least 6
months from the study in order to exclude coexistent HCC.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Takikawa 1992 
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Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Takikawa 1992  (Continued)
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Could the patient flow have introduced bias?   High risk  

Takikawa 1992  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study included 90 patients with liver cirrhosis di-
vided into three groups.
Group I: 40 patients with HCC and cirrhosis
Group II: 30 patients with liver cirrhosis and without HCC
Group III: 20 healthy people.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: cut-oF value of 220 ng/mL

Target condition and reference standard(s) HCC: US and CT were performed.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Authors state: "nothing to disclose"

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Talkahn 2018 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Talkahn 2018  (Continued)

 
 

Study characteristics

Patient Sampling In this case-control study, serum specimens were collected from
262 patients with HCC, 76 patients with cirrhosis, and 74 patients
with hepatitis B.

Age range: 22-79. Males 78%

Patient characteristics and setting  

Index tests AFP: cut-oF value pre-defined at 20 ng/mL

Target condition and reference standard(s) HCC: HCC was histopathologically diagnosed after the tumour ex-
cision.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Tan 2012 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Tan 2012  (Continued)
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Could the patient flow have introduced bias?   Unclear risk  

Tan 2012  (Continued)

 
 

Study characteristics

Patient Sampling A multi-stage, case-control study was designed to identify a serum
miRNA profile as a surrogate marker for HCC. A total of 261 HCC
patients, 233 patients with cirrhosis and 173 healthy controls were
enrolled in our study. Validation set (cohort of interest) included
103 HCC patients, 78 cirrhosis patients and 60 healthy controls
serum samples (from The Third Hospital of Zhenjiang Affiliated
Jiangsu University).

Age range: 32-63. Males 67%

Patient characteristics and setting  

Index tests AFP: cut-oF values not predefined or mentioned

Target condition and reference standard(s) HCC: the diagnosis of HCC and cirrhosis was histopathologically
confirmed.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Competing Interests: the authors have declared that no compet-
ing interests exist."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Tan 2014 
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Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Tan 2014  (Continued)

 
 

Study characteristics

Patient Sampling 5339 patients who resided in Osaka prefecture were selected as
the subjects of this study.
Age range and % of males not reported

Patient characteristics and setting  

Index tests US was routinely conducted by several well-trained physicians
specializing in digestive diseases. The testing took about 15 min-
utes for each patient.

Target condition and reference standard(s) HCC: histological, 23.9% by angiographic, and 44.2% by clinical di-
agnosis

Flow and timing No information on interval between index test and reference stan-
dard

Tanaka 1986 
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Comparative  

Notes No information on funding or conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Tanaka 1986  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tanaka 1986  (Continued)

 
 

Study characteristics

Patient Sampling A total of 366 patients with CHB were retrospectively enrolled at West China Hospital
of Sichuan University from November 2015 to August 2016. All patients enrolled in this
study were hepatitis B surface antigen positive for at least 6 months. The participants
were divided into three groups: HCC; liver cirrhosis (LC) without HCC; and noncirrhotic
chronic hepatitis B (CHB). A total of 366 patients were included in this study and divid-
ed into three groups: HCC group (n = 176); LC group (n = 98); and CHB group (n = 92).

Exclusion criteria: participants who were: heavy alcoholics (more than 80 g of ethanol
daily); suffered from cholestatic autoimmune diseases; taking vitamin K or warfarin
before PIVKA-II measurement; had evidence of other malignancies; were positive
for other virus markers such as HCV, human acquired immunodeficiency virus, cy-
tomegalovirus and Epstein–Barr virus infection.
Age range: 33-64. Males 79%

Patient characteristics and setting  

Index tests AFP: AFP level was measured using electrochemiluminescence immunoassay kit
(ECLIA) on E170 analyzer (Roche, Tokyo, Japan).

To determine the cut-oF values that would best distinguish HCC from non-HCC, ROC
analysis was performed for PIVKA-II and AFP, respectively. The optimal cut-oF values
for PIVKA-II and AFP were 40.5 mAU/mL and 12.3 ng/mL, respectively.

Target condition and reference standard(s) HCC: HCC was diagnosed on the basis of either histological confirmation or two con-
cordant imaging studies with typical findings of HCC, including abdominal contrast-en-
hanced ultrasonography (CEUS), dynamic contrast-enhanced CT, or MRI.

Control group: the diagnosis of LC was based on the histopathology of a liver biopsy
and/or ultrasonic/CT imaging features and was supplemented by clinically-related
portal hypertension (e.g. oesophageal and/or gastric varices, ascites, splenomegaly
with a platelet count of < 100,000 mm3). CEUS, contrast-enhanced CT or MRI was used
to exclude HCC when there was a nodule in the liver.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Conflicts of interest: this work was supported by Science and Technology Support
Program of Sichuan Province, China (No. 2015SZ0049). The authors have no other rel-
evant affiliations or financial involvement with any organisation or entity with a finan-
cial interest in or financial conflict with the subject matter or materials discussed in the
manuscript apart from those disclosed."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclu-
sions?

No    

Could the selection of patients have in-
troduced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

No    

If a threshold was used, was it pre-speci-
fied?

No    

Could the conduct or interpretation of
the index test have introduced bias?

  High risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Tang 2017a  (Continued)
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Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  High risk  

Tang 2017a  (Continued)

 
 

Study characteristics

Patient Sampling Six groups were studied which included 40 healthy individuals,
50 patients with chronic hepatitis (CH), 50 patients with liver cir-
rhosis (LC), 100 patients with HCC, 50 patients with intrahepatic
cholangiocarcinoma (ICC) and 50 patients with metastatic carci-
noma (MCA).
Age range and % of males not reported

Patient characteristics and setting  

Index tests  

Target condition and reference standard(s)  

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest disclosure

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Tanglijvanich 2010 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Unclear    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Tanglijvanich 2010  (Continued)
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Patient Sampling "De-identified data from the Hepatitis C Antiviral Long-term Treatment
against Cirrhosis (HALT-C) Trial, which enrolled 1050 patients with hepati-
tis C and advanced fibrosis or cirrhosis prospectively followed every 3-6
months, were analysed. During a median follow-up of 80 months, 88 pa-
tients (48/427 with cirrhosis and 40/621 with advanced fibrosis) were diag-
nosed with HCC.

The HALT-C Trial enrolled patients with chronic hepatitis C in a ran-
domised controlled trial in which the patients had to have at least stage 3
fibrosis (bridging fibrosis or cirrhosis) by the Ishak scoring system (range
0-6) and a history of failure to respond to previous interferon-based ther-
apy. All patients had radiological imaging to exclude HCC prior to enrol-
ment. All participants were had HCV infection and treatable with interfer-
on."

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: the corresponding AF thresholds for the ST method were 22.3, 29.0
and 42.6 ng/mL, respectively in the cirrhosis subgroup, and 14.0, 16.6 and
22.9 ng/mL, respectively in the advanced fibrosis subgroup.

Target condition and reference standard(s) HCC: diagnosis of HCC was based on histology and in the absence of histol-
ogy, by imaging with or without AFP. All patients had radiological imaging
to exclude HCC prior to enrolment. Patients with elevated AFP or new le-
sions on ultrasound were further evaluated with CT or MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Conflicts of interest declared: Anna Lok has no conflicts to declare other
than that she was one of the HALT-C investigators. The other authors have
no conflicts of interest to declare."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Tayob 2016a  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

551



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tayob 2016a  (Continued)

 
 

Study characteristics

Patient Sampling "De-identified data from the Hepatitis C Antiviral Long-term Treatment
against Cirrhosis (HALT-C) Trial, which enrolled 1050 patients with hepati-
tis C and advanced fibrosis or cirrhosis prospectively followed every 3-6
months, were analysed. During a median follow-up of 80 months, 88 pa-
tients (48/427 with cirrhosis and 40/621 with advanced fibrosis) were diag-
nosed with HCC.

The HALT-C Trial enrolled patients with chronic hepatitis C in a ran-
domised controlled trial in which the patients had to have at least stage 3
fibrosis (bridging fibrosis or cirrhosis) by the Ishak scoring system (range
0-6) and a history of failure to respond to previous interferon-based ther-

Tayob 2016b 
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apy. All patients had radiological imaging to exclude HCC prior to enrol-
ment."

All participants were had HCV infection and treatable with interferon.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: the corresponding AF thresholds for the ST method were 22.3, 29.0
and 42.6 ng/mL, respectively in the cirrhosis subgroup, and 14.0, 16.6, and
22.9 ng/mL, respectively in the advanced fibrosis subgroup.

Target condition and reference standard(s) HCC: diagnosis of HCC was based on histology and in the absence of histol-
ogy, by imaging with or without AFP. All patients had radiological imaging
to exclude HCC prior to enrolment. Patients with elevated AFP or new le-
sions on ultrasound were further evaluated with CT or MRI.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Conflicts of interest declared: Anna Lok has no conflicts to declare other
than that she was one of the HALT-C investigators. The other authors have
no conflicts of interest to declare."

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced
bias?

  Low risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

Tayob 2016b  (Continued)
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

No    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tayob 2016b  (Continued)

 
 

Study characteristics

Patient Sampling "The study cohort included patients with cirrhosis of any aetiolo-
gy identified in the VA corporate data warehouse (CDW), a national
repository of VA clinical and administrative data from a network of
153 VA hospital facilities. Patients were eligible if they had a diag-
nosis of cirrhosis, evidenced by the presence of International Clas-

sification of Diseases, 9th Revision (ICD-9) codes 571.2 or 571.5, be-
tween October 1, 1996 and May 30, 2015.
In addition, the analysis cohort was restricted to include (1) HCC
cases with at least 1 pre-diagnosis AFP test and (2) controls with at
least 1
AFP test and a minimum of 12 months of follow-up to confirm no
HCC. For both cases and controls, we only included AFP tests with
ALT and platelet laboratory tests performed within 6 months be-
fore the AFP test."
Age range not reported. Males 97%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue: 400 ng/mL

Tayob 2019 
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Target condition and reference standard(s) "We determined HCC diagnosis in the cirrhosis cohort by using a
sequential procedure. First, we identified patients with probable
HCC via ICD-9 codes, which were defined as at least 1 inpatient
or 2 outpatient 155.0 codes (but without 155.1). Next, we verified
these HCC diagnoses by incorporating information from the VA
Central Cancer Registry (VACCR) and the VA CDW oncology raw da-
ta files."

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors disclose no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Tayob 2019  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tayob 2019  (Continued)

 
 

Study characteristics

Patient Sampling "Between August 1996 and December 1998, we examined 37 patients. In
an effort to recruit patients who were at increased risk for malignancy, on-
ly patients with an elevated serum-fetoprotein level (30 ng/mL) or with
primary sclerosing cholangitis were eligible.Ten of the patients either died
prior to liver transplantation (without autopsy or biopsy being performed)
or their names were removed from the transplant list. Two patients whose
names had been on the transplant list for more than 2 years were not in-
cluded in the study because of an inability to obtain follow-up images. The
remaining 25 patients form the study population."

Teefey 2003 
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Age range: 19-63. % of males not reported

Patient characteristics and setting  

Index tests Results of each imaging test (CT, MR imaging, US, and PET) were interpret-
ed independently by two radiologists experienced (10 years of experience
for all radiologists). For each patient, the reviewer was asked to indicate
his or her degree of confidence that a malignancy was present on the basis
of a six-point confidence scale: 1, definitely present; 2, probably present;
3, possibly present; 4, possibly not present; 5, probably not present; and 6,
definitely absent.

Target condition and reference standard(s) Gross and histologic analyses of all explanted livers were performed by an
experienced hepatobiliary pathologist. If a lesion identified at an imaging
test could not be demonstrated in the explant, representative histologic
sections were obtained from the region of the liver that best correspond-
ed.

Flow and timing The interval between the last imaging study and the liver transplantation
in the 21 patients who had a liver transplant ranged from 1 to 15 months
(mean, 5.3 months).

Comparative  

Notes No information on conflicts of interest or funding

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Teefey 2003  (Continued)
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Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  High risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Teefey 2003  (Continued)

 
 

Study characteristics

Patient Sampling "A total of 205 subjects were retrospectively collected in this
study, including 111 patients with HCC, 66 patients with CHB, and
28 healthy controls (HCs), from March 2013 to June 2015 at the De-
partment of Hepatology, Qilu Hospital of Shandong University.
Exclusion criteria included other tumours, co-infection with he-
patitis C virus or human immunodeficiency virus, autoimmune liv-
er diseases, non-alcoholic fatty liver diseases, alcoholic liver dis-
eases and other causes of chronic liver diseases."

Age range: 42-64. Males 80%

Patient characteristics and setting  

Index tests AFP: AFP cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC patients were diagnosed according to the 2010 update of the
American Association for the Study of Liver Diseases (AASLD) Prac-
tice Guidelines for Management of HCC

Teng 2016 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Teng 2016  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Teng 2016  (Continued)

 
 

Study characteristics

Patient Sampling "The study included 120 patients with HCC associated with hepati-
tis B, 146 patients with chronic hepatitis B (CHB) and 27 healthy
controls (HCs).

Exclusion criteria included coinfection with hepatitis C virus (HCV)
or human immunodeficiency virus (HIV), autoimmune liver dis-
ease, alcoholic liver diseases, non-alcoholic fatty liver diseases
(NAFLD) and other causes of chronic liver diseases."

Age range: 40-64. Males 74%

Patient characteristics and setting  

Index tests AFP: serum AFP was assayed by an electro-chemiluminescence
immunoassay using an automatic analyser (COBAS e 601, Roche
Diagnostics, Mannhein, Germany). Serum AFP level > 20 ng/mL
was regarded as abnormal.

Target condition and reference standard(s) HCC: HCC was diagnosed following the 2010 update of the Amer-
ican Association for the Study of Liver Diseases (AASLD) Practice
Guidelines for Management of Hepatocellular Carcinoma.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Authors declare that they have no competing interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Tian 2017 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tian 2017  (Continued)

 
 

Study characteristics

Patient Sampling "From 1991 to 1998, 602 patients who were referred to the Liver Cen-
ter at the Huntington Memorial Hospital in Pasadena, California, USA
were enrolled in the surveillance for HCC. All patients were positive for
either hepatitis C virus antibodies (anti-HCV; Ortho HCV EIA; Ortho Di-

Tong 2001 
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agnostics, Raritan, NJ, USA), or for hepatitis B virus surface antibodies.
To be included, all patients had to have at least 1 year of follow-up in
our clinic (Liver Center)."

Age range not reported. Males 59%

Patient characteristics and setting  

Index tests "AFP levels were measured at two commercial laboratories. One labo-
ratory at Huntington Memorial Hospital in Pasadena, California used
the Axsym EIA (Abbott Laboratories; the upper limit of normal was
10.9 ng/mL. The second laboratory, Nichols Laboratories in Los An-
geles, California, used an in-house chemoluminescent method from
1990 to 1995 (the upper limit of normal was 18 ng/mL). For serum
samples sent to Nichols Laboratories after 1995, the ACS-180 chemo-
luminescent test (Chiron Diagnostics, Emeryville, CA, USA) was used
(the upper limit of normal was 8.1 ng/mL.For final data presentation,
ratios were reconverted to AFP values by multiplication of the AFP ra-
tio by the upper limit of normal of the currently available test (8.1 ng/
mL)."

Target condition and reference standard(s) US, CT, and histology

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on funding or conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Tong 2001  (Continued)
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Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tong 2001  (Continued)

 
 

Study characteristics

Patient Sampling 70 individuals were enrolled in the study (20 controls, 20 patients
with liver cirrhosis (LC) caused by HCV infection, and 30 patients
with hepatocellular carcinoma on top of HCV).

Patients with non-HCV induced HCC, other autoimmune or meta-
bolic liver diseases were excluded.

Age range: 23-80. Males 62%

Patient characteristics and setting  

Index tests AFP: serum AFP concentration was measured by the chemilu-
minescent immunometric assay on Siemens IMMULITE® 2000
(Siemens Healthcare Diagnostics, USA). ROC analysis revealed the
diagnostic performance of AFP that differentiates cancer patients
from normal and cirrhotic individuals at the cut-oF values of 131
ng/mL and 205 ng/L.

Toraih 2018 
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Target condition and reference standard(s) Liver cancer had typical imaging findings and elevated serum al-
pha foetoprotein (AFP).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors have declared that no competing interests exist."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Toraih 2018  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Toraih 2018  (Continued)

 
 

Study characteristics

Patient Sampling During the whole 1987, 247 patients with cirrhosis were enrolled.
Age range: 24-81. Male 69%

Patient characteristics and setting  

Index tests Serum AFP measurement by RIA ( Abbot); predefined cut-oF value
20 ng/mL. US real time Ansaldo, no definition of positivity criteria. 
AFP +US - one positive (AFP cut-oF 20 ng/mL))

Target condition and reference standard(s) Histology, US and follow-up

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   Low risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

Tremolada 1989 
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Tremolada 1989  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? No    

Could the patient flow have introduced bias?   High risk  

Tremolada 1989  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study aimed to identify the best cut-oF value of
serum AFP to discriminate chronic liver disease (CLD) patients with
and without HCC.

Two hundred and ten cases fulfilled these criteria. Among them,
we were able to match 170 cases (135 males and 35 females) with
170 controls with CLD seen during the same period according to the
following criteria: age (within 6 years), sex, underlying CLD (cirrho-
sis/chronic hepatitis), HBsAg and HCV status.

Patients with liver disease due to genetic and autoimmune disorders,
primary biliary cirrhosis and sclerosing cholangitis were excluded.

Age range: 50-70. Male 79%

Patient characteristics and setting  

Index tests AFP: AFP was measured by conventional assays (radioimmunoassay,
Eiken Chemical Co., Tokyo, Japan; LA-AFP test, Poli, Milan, Italy; im-
munoenzymatic assay, Abbott Laboratories, Rome, Italy). The analysis
was performed using these cut-oF values: the best discriminating val-
ue provided by the receiver-operating characteristic (ROC) curve, the
value of 20 ng/mL, and 100, 200 ng/mL and 400 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on histological or cytological
findings in 128 patients, while it was confirmed by clinical and imaging
data or necropsy in the remainder. Control group: In control patients,
the presence of HCC was ruled out by ultrasonography and also by ex-
cluding patients who developed HCC during the following 6 months.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Trevisani 2001 
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Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

No    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Trevisani 2001  (Continued)

 
 

Study characteristics

Tsai 1995 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

568



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Patient Sampling The study population comprised 101 consecutive cirrhotic HCC
patients and 101 sex-matched and age-matched (± 5 years) pa-
tients with cirrhosis alone.

Age range 26-87. Males 91%.

Patient characteristics and setting  

Index tests AFP: serum was tested for HBsAg and AFP (Ausria II and a-Feto Ri-
abead, Abbott Laboratories, Chicago, IL, USA). Receiver operating
characteristic (ROC) curves were constructed by calculating the
sensitivities and specificities of AFP or CIC assays at several cut-oF
points: 3, 4, 5, 8, 22, 40, 83, 120, 400 ng/mL.

Target condition and reference standard(s) HCC: HCC was diagnosed by liver biopsy or aspiration cytology.

LC was clinicopathologically proven. There was no space-occupy-
ing lesion in LC patients and healthy controls as evidenced by nor-
mal abdominal sonography.

Flow and timing No information on interval between index test and reference stan-
dard.

Comparative  

Notes No information on conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Tsai 1995  (Continued)

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

569



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tsai 1995  (Continued)

 
 

Study characteristics

Patient Sampling The study population comprised 94 non-alcoholic consecutive
cirrhotic HCC patients and 94 sex-matched and age-matched (± 5
years) patients with cirrhosis alone.

Patient characteristics and setting  

Index tests AFP: HBsAg, anti-HCV and AFP were tested with Ausria-I1, second
generation HCV enzyme immunoassay (EIA) and a-feto RIABEAD
(Abbott Laboratories, Chicago, IL, USA)

ROC curves were constructed by calculating the sensitivities and
specificities of AFP or TGF-P1 assays at several cut-oF points (3, 4,
7, 12, 16, 28, 100, 400 ng/mL). The cut-oF value with the highest
accuracy was selected as diagnostic cut-oF point.

Target condition and reference standard(s) HCC was diagnosed by liver biopsy or aspiration cytology.

There was no space-occupying lesion in patients with cirrhosis
alone and healthy controls as evidenced by normal abdominal
sonography.

Tsai 1997 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Tsai 1997  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tsai 1997  (Continued)

 
 

Study characteristics

Patient Sampling We retrospectively reviewed the medical records of patholo-
gy-proven patients with cirrhotic HCC who had pre-biopsied AFP
level and those with cirrhosis alone. A total of 986 patients with
HCC or cirrhosis were enrolled.

Age range: 29-72. Males 40%

Patient characteristics and setting  

Index tests AFP: authors used pre-specified cut-oF values at 20, 100, 200, and
400 ng/mL.

Target condition and reference standard(s) "We retrospectively reviewed the medical records of patholo-
gy-proven patients with cirrhotic HCC who had pre-biopsied AFP
level and those with cirrhosis alone."

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Tsai 2017 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Tsai 2017  (Continued)

 
 

Study characteristics

Patient Sampling A total of 56 consecutive patients with HCC accompanied with LC (40 men
and 16 women; mean age, 69 years old), who had been followed-up at Liv-
er Unit in the First Department of Internal Medicine of Osaka Medical Col-
lege Hospital during the period from December 1999 to November 2000
were enrolled in this study. Thirty-two patients with liver cirrhosis with-
out HCC d (23 men and 9 women; mean age, 65 years) who had been fol-
lowed at our hospital during the same period were also studied as a con-
trol group.

None of the patients had bacterial or other viral infection, chronic renal
damage, insulin-dependent diabetes mellitus (IDDM), other malignant dis-
ease, hepatic encephalopathy, and obvious flare-up of hepatitis. The pa-

Tsuda 2004 
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tients undergoing Interferon administration or immunosuppressive thera-
py were also excluded from this study.

Age range: 57-76. Males 72%

Patient characteristics and setting  

Index tests AFP: serum AFP level were measured by using available commercial ra-
dioimmunoassay (a-FETO RIABEAD, Dinabot, Tokyo). Cut-oF values pre-
specified at 20 an 100 ng/mL.

Target condition and reference standard(s) The diagnosis of LC was performed by biochemical data, histological find-
ings of liver biopsy, typical findings by US and abdominal computed tomo-
graphic Scan (CT) such as nodular surface, dull edge, course parenchyma
and splenomegaly. The existence of liver tumour was detected by using US
and/or CT, and the diagnosis of HCC was made by the typical findings of
tumour staining in hepatic angiography and/or by the histology of needle
biopsy under ultrasonography from liver tumour.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

Tsuda 2004  (Continued)
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Tsuda 2004  (Continued)

 
 

Study characteristics

Patient Sampling In the present study, we undertook a screening and surveillance
program involving treatment-naïve chronic hepatitis B (CHB) pa-
tients using abdominal US and serum AFP assay.

We enrolled male and female Thai patients, aged 20-65 years, who
were serologically positive for hepatitis B surface antigen (s-Ag).
The exclusion criteria included: decompensated cirrhosis (Child-
Pugh class C or Model for End-stage Liver Disease score > 15); a
history of any cancer in the last 5 years; previous antiviral treat-
ment for CHB; concurrent infection with hepatitis C virus infec-
tion or human immunodeficiency virus infection; a Karnofsky Per-
formance Status score < 60%; or any medical condition prevent-
ing eligibility to complete the protocol (e.g., poor renal function,
a serum creatinine level > 1.5 mg/dL, or creatinine clearance < 50
mL/minute.

Age range: 20-65. Males 47%

Patient characteristics and setting  

Ungtrakul 2016 
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Index tests AFP: AFP assays were performed with COBAS 6000/e601 Roche Di-
agnostics, Mannheim, Germany. Cut-oF value prespecified at 20
ng/mL.

US: US examinations were performed by experienced radiologists
at the initial screening and every 6 months thereafter. Diagnostic
criteria for further diagnostic evaluation: focal solid liver nodule.

Target condition and reference standard(s) HCC was diagnosed using the American Association for the Study
of Liver Diseases (AASLD) practice guidelines. If the serum AFP was
≥ 20 mg/L or a focal solid liver nodule was detected on US, further
diagnostic studies were performed including computerized to-
mography, magnetic resonance imaging, or biopsy of the liver le-
sion. AUS examinations were performed by experienced radiolo-
gists at the initial screening and every 6 months.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors of this manuscript declare that they have no con-
flicts of interest to disclose."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Ungtrakul 2016  (Continued)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ungtrakul 2016  (Continued)

 
 

Study characteristics

Unic 2013 
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Patient Sampling This case-control study included 32 patients with HCC on the basis
of alcoholic liver disease and 28 patients with alcohol-related liver
cirrhosis as a control group.

Age range and % of males not reported

Patient characteristics and setting  

Index tests AFP: AFP concentrations were determined by Cobas e411 analyser
(Hitachi High Technologies Corporation, Tokyo, Japan) with no
predefined cut-oF value.

Target condition and reference standard(s) No information on reference standard

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Unic 2013  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Unic 2013  (Continued)

 
 

Study characteristics

Patient Sampling This study included people with end-stage liver disease due to any cause who were
evaluated and found to be free of an identifiable HCC and who met United Network for
Organ Sharing (UNOS) criteria for listing for liver transplantation. Specifically, from Oc-
tober 1998 through July 2003, a total of 300 individuals were evaluated and presented
to the liver transplant review board at Loyola University Medical Center. Of these, 282
were listed for transplantation. Fifteen of these cases were identified as having an HCC
at the time of listing and five were listed because of fulminant hepatic failure. These
cases were eliminated from the subsequent analysis leaving a total of 262 listed liver
transplant candidates. Of these, 105 (41%) were transplanted with four individuals re-
ceiving two and one individual receiving three transplants. These later cases receiving
multiple transplants were eliminated leaving 100 cases for analysis. 
Age range: 48-61. Males 68%

Patient characteristics and setting  

Index tests US: the US criteria used to identify a new hepatic lesion consisted of the finding of ei-
ther a hypoechoic lesion 1 cm in diameter, or a target lesion consisting of a hypoe-
choic lesion 1.5 cm in diameter with a central hyperechoic area or a mass adjacent to a
thrombosed intrahepatic portal vein radicle.

Target condition and reference standard(s) All included patients: "the liver transplant evaluation procedures consist of a com-
plete virological, serological, and biochemical evaluation for the recognised causes of
end-stage liver disease. In addition, imaging procedures consisting of a CT of the head,
triphase CT of the abdomen, and an US examination of the liver and its vessels as well
as the biliary tree are obtained. Finally, AFP, CT, and US studies are obtained to screen
for the presence of hepatic cancer. Each listed candidate underwent continuous sur-
veillance for the presence of hepatic cancer utilising a quarterly determination of the
serum FP level and an abdominal US examination and a semi-annual triphasic CT scan
of the abdomen.

Van Thiel 2004 
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The explant liver and hepatic vessels were examined grossly for the presence of any tu-
mour. In addition, any lesion recognised by the pathologist but not recognised by the
CT or US surveillance studies were examined histologically."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of
patients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclu-
sions?

Yes    

Could the selection of patients have in-
troduced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the re-
view question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted
without knowledge of the results of the ref-
erence standard?

Yes    

If a threshold was used, was it pre-speci-
fied?

Yes    

Could the conduct or interpretation of
the index test have introduced bias?

  Low risk  

Are there concerns that the index test,
its conduct, or interpretation differ from
the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correct-
ly classify the target condition?

Yes    

Van Thiel 2004  (Continued)
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Were the reference standard results inter-
preted without knowledge of the results of
the index tests?

Yes    

Could the reference standard, its con-
duct, or its interpretation have intro-
duced bias?

  Low risk  

Are there concerns that the target con-
dition as defined by the reference stan-
dard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between
index test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced
bias?

  Unclear risk  

Van Thiel 2004  (Continued)

 
 

Study characteristics

Patient Sampling "From November 2001 to December 2011, 323 orthotopic LTs were per-
formed on 313 patients at our centre. Our study is based on the retro-
spective analysis of data from 273 patients (213 men and 60 women),
of an average age of 55 years (31–79), who underwent scheduled trans-
plants because of cirrhosis. Exclusion criteria were as follows: having
undergone urgent non elective transplants; having undergone retrans-
plantation; and absence of cirrhosis. Ultrasonography was carried out
in 270 patients."

Age range: 31-79. Males 78%

Patient characteristics and setting  

Index tests Abdominal ultrasonography was performed using a Toshiba SSA-340
(Toshiba Corporation, Tokyo, Japan) (November 2001 to May 2009)
and a Toshiba Aplio XG (Toshiba Corporation) (June 2009 to Decem-
ber 2011) equipped with a 3.5 MHz curved array transducer. We retro-
spectively revised all of the pretransplant reports carried out by expe-
rienced radiologists for each imaging study. A negative result (no HCC)
was recorded when no lesion was detected or when the lesions were
benign. Studies registered as positive were those in which a lesion sug-
gesting HCC was observed.

Target condition and reference standard(s) "The pathological analysis of the explant livers provided our reference
standard. The reports were reviewed retrospectively, and the presence,
size and location of HCC nodules were recorded.

Villacastin Ruiz 2016 
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Correlation of nodules between the image and pathological results was
based primarily on location and secondarily on size."

Flow and timing The average waiting time between imaging tests and transplant was
105 days.

Comparative  

Notes No conflicts of interest declared

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge
of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  High risk  

Villacastin Ruiz 2016  (Continued)
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Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

No    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Villacastin Ruiz 2016  (Continued)

 
 

Study characteristics

Patient Sampling All patients were consecutively enrolled from the liver clinics at the Uni-
versity of Michigan Medical Center between February 2003 and Decem-
ber 2004. Two groups of consecutive patients were enrolled: patients with
a diagnosis of HCC, and control individuals with cirrhosis without HCC. A
total of 84 patients with HCC and 169 patients with cirrhosis and no HCC
were enrolled.

Age range: 45-71. Males 67%

Patient characteristics and setting  

Index tests AFP: total AFP was tested using commercially available immunometric as-
says with enhanced chemiluminescence at the University of Michigan Hos-
pital Clinical Diagnostic Laboratory and at Wako Diagnostics (Richmond,
Virginia).

Receiver-operating characteristic (ROC) curves were constructed to deter-
mine the optimal cutoff for each marker in differentiating between HCC
and cirrhosis without HCC. The optimal cut-oF that maximized the sensi-
tivity and specificity for AFP was a total AFP > 23 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on the European Association for the
Study of the Liver (EASL) criteria.

Control group: to ensure that cirrhosis controls did not have HCC, an ul-
trasound showing no mass was required if the total AFP was < 20 ng/mL,
and a triple phase CT or dynamic MRI was required if the AFP was > 20 ng/
mL. Additionally, these patients were followed for a median of 14 months
(range: 8–37 months) and had at least one follow-up imaging to assure
that none had developed HCC.

Computed tomography (CT) and magnetic resonance imaging (MRI) stud-
ies of patients with HCC were reviewed by one radiologist who was not
aware of the serum marker results.

Flow and timing No information on interval between index test and reference standard

Volk 2007 
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Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowl-
edge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct,
or interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted with-
out knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its in-
terpretation have introduced bias?

  Low risk  

Are there concerns that the target condition as de-
fined by the reference standard does not match the
question?

    Low concern

DOMAIN 4: Flow and Timing

Volk 2007  (Continued)
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Was there an appropriate interval between index test
and reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Volk 2007  (Continued)

 
 

Study characteristics

Patient Sampling This case-control study involved four independent groups compris-
ing a total of 344 participants recruited from a single tertiary liver
clinic in Sydney, Australia. The HCC group comprised 86 patients
with tumours diagnosed by characteristic radiological appearances
on 4-phase CT or MRI according to the European Association for the
Study of the liver (EASL) guidelines 2012, or by histology.

The HCC cases were age and sex-matched (+/- 10 years) to three ad-
ditional cohorts comprising patients with cirrhosis, chronic liver dis-
ease without cirrhosis, and healthy controls.

Age range not reported. Males 87%

Patient characteristics and setting  

Index tests Serum AFP was measured using a chemiluminsecent microparticle
immunoassay (Abbott Diagnostics, Illinois US. Cut-oF value 20 ng/mL

Target condition and reference standard(s) The HCC group comprised 86 patients with tumours diagnosed by
characteristic radiological appearances on 4-phase CT or MRI ac-
cording to the European Association for the Study of the liver (EASL)
guidelines 2012, or by histology.

Patients in the cirrhosis and chronic liver disease groups were un-
dergoing 6-monthly HCC surveillance with no evidence of HCC at the
time blood was collected for the study and for a minimum follow-up
of 6 months thereafter.

Flow and timing No information on interval between index test and reference stan-
dard.

Comparative  

Notes The authors have declared that no competing interests exist

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Vongsuvanh 2016 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting
do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpre-
tation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Vongsuvanh 2016  (Continued)

 
 

Study characteristics

Wang 2005 
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Patient Sampling A total of 127 patients who were regularly followed up at Ren-Ai Branch,
Taipei City Hospital were consecutively enrolled. Among the 127 pa-
tients, 32 had chronic hepatitis for at least 6 months before enrolment,
34 had compensated cirrhosis and 61 had HCC.

Patients who had a history of alcohol consumption in excess of 80 g/
ethanol per day for more than 5 years, serum total bilirubin level of
more than 20 mg/L or under vitamin K medication were excluded.

Age range: 42-76. Males 74%

Patient characteristics and setting  

Index tests AFP: AFP was tested by using commercially-available immunometric as-
say (Architect AFP assay, Abbott Laboratories, North Chicago, IL, USA).
The cut-oF value of AFP for HCC was set at 20 ng/mL, the most com-
monly set value.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made on 47 (77%) histologically-con-
firmed patients. The remaining 14 (23%) patients, who had advanced
HCC with tumour size larger than 3 cm or patients with portal vein inva-
sion, were confirmed by various combination of imaging studies, such
as ultrasonography, enhanced CT, magnetic resonance imaging and/or
angiography.

Control group: among all patients with chronic hepatitis and cirrhosis,
HCC must be ruled out on the basis of imaging examinations including
sonography and/or computed tomography (CT) performed on a regu-
lar examination. Also, cirrhotic patients who developed HCC within 6
months after getting serum were excluded.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Wang 2005  (Continued)
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Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or
interpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the
target condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the ques-
tion?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2005  (Continued)

 
 

Study characteristics

Patient Sampling Consecutive patients with HCC and patients with cirrhosis that were
age, gender, and race/ethnicity matched to the HCC patients were en-
rolled from the Liver Clinic from Saint Louis University School of Med-
icine or the University of Michigan. The study included 113 patients
with cirrhosis, 108 patients with stage I or II HCC, and 56 patients with
stage III or IV HCC.

Age range: 42-71. Males 71%

Patient characteristics and setting  

Wang 2009 
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Index tests AFP: AFP was tested using commercially-available immunoassays us-
ing enhanced chemiluminescence at the University of Michigan Hospi-
tal Clinical Diagnostic Laboratory. The upper limit of normal was 8 ng/
mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made by histopathology, including all
T1 lesions, and, if histopathology was not available, by two imaging
modalities [ultrasound (US), magnetic resonance imaging (MRI), or
computed tomography (CT)] showing a vascular enhancing mass of >
2 cm.

Control group: each of the patients with cirrhosis had a normal US
and, if serum AFP was elevated, a MRI of the liver within 3 months
before enrolment and another one 6 months after enrolment that
showed no liver mass. The cirrhotic controls have been followed for
a median of 12 months (range, 7-18 months) after enrolment, and no
one has developed HCC.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No potential conflicts of interest exist

Methodological quality

Item Authors' judgement Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and set-
ting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge
of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test
have introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or in-
terpretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Wang 2009  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the tar-
get condition?

Yes    

Were the reference standard results interpreted without
knowledge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its inter-
pretation have introduced bias?

  Low risk  

Are there concerns that the target condition as defined
by the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and
reference standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2009  (Continued)

 
 

Study characteristics

Patient Sampling Blood samples were collected under informed consent from 55
HCC patients in the infectious department of our hospital from
2009 to 2010 (Union Hospital, Wuhan, China). For comparison, 40
patients with liver cirrhosis we encountered during the same peri-
od were also included.

Age range: 39-65. Males 79%

Patient characteristics and setting  

Index tests AFP: taking both sensitivity and specificity into account, the cut-
oF point was selected according to maximum number of sensitivi-
ty and specificity. AFP showed 85.71% specificity and 40.00% sen-
sitivity at the cut-oF value of 20 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was based on typical findings in three-
phase dynamic CT or MRI, and the diagnosis was confirmed by
histopathology.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Wang 2013a 
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Notes "The authors declare that there is no conflict of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Wang 2013a  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2013a  (Continued)

 
 

Study characteristics

Patient Sampling From 2000 to 2011, serum from 126 patients with completely re-
sected HCC and 115 non-HCC chronic HBV carriers (NC group)
were collected from the Department of General Surgery and the
Department of Gastroenterology and Hepatology.

Age range: 15-86. Males 69%

Patient characteristics and setting  

Index tests AFP: the area under the Receiver Operating Characteristic (ROC)
Curve was reported to evaluate the ability of the potential serum
markers in discriminating HCC patients from the controls. The
analysis was performed based on optimal cut-oF value of 4 ng/mL
and commonly used 20 ng/mL.

Target condition and reference standard(s) HCC: the histology of the resected specimens confirmed the diag-
nosis of HCC.

Control group: a follow-up visit six months after serum collection
confirmed these HBV carriers’ non-HCC status.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors have declared that no competing interests exist."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)
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Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2013b  (Continued)

 
 

Study characteristics

Patient Sampling Serum samples of 80 patients with HCC and 67patients with liv-
er cirrhosis were analysed by MALDI-TOF-MS for peptide expres-
sion. Independent training and test sets were created, with similar
representation of age and gender in each set. Diagnostic accuracy
analysis was performed in the test set which comprised of 40 pa-
tients with HCC and 34 patients with liver cirrhosis alone.

Age range: 42-65. Males 73%

Patient characteristics and setting  
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Index tests AFP: cut-oF value of 20 ng/mL prespecified

Target condition and reference standard(s) Blood biochemistry, AFP assay, computed tomography, and liver
biopsy were performed on all patients.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflicts of interest: none

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Wang 2014a  (Continued)

 
 

Study characteristics

Patient Sampling A total of 257 individuals were enrolled from November 2007 to
May 2010, including healthy control (n = 61), HBV carrier (n = 32),
patients with cirrhosis (n = 80), and patients with HCC (n = 84).
Age: 38-86. Males 79%

Patient characteristics and setting  

Index tests AFP: AFP levels were examined using commercially available im-
munoassays at the PUMC Hospital Clinical Diagnostic Laborato-
ries. No information on AFP cut-oF level.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made either by histopathology or
by two different imaging tests (ultrasound, computed tomography
[CT], magnetic resonance imaging [MRI] or angiography) showing
an arterial enhancing lesion with HBV infection. Liver biopsy was
obtained to confirm the diagnosis in some cases.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no competing interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2014b  (Continued)

 
 

Study characteristics

Patient Sampling This was a nested case–control study from the University of Michi-
gan (UM). Patients with cirrhosis were enrolled from UM Liver Clin-
ics between September 2001 and August 2004.
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Age range: 45-71. Males 63%

Patient characteristics and setting  

Index tests AFP was tested using commercially available immunoassays util-
ising enhanced chemiluminescence at the UM Hospital Clinical Di-
agnostic Laboratory with no predefined cut-oF value.

Target condition and reference standard(s) HCC: the diagnosis of HCC was made by histopathology, including
all T1 lesions, or by two imaging modalities MRI or CT, showing a
vascular enhancing mass > 2 cm with delayed washout.

Control: cirrhosis controls were followed for a median of 12
months (range, 7–18 months) after enrolment to confirm absence
of HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Conflicts of interest: T. Block reported receiving commercial re-
search grant from Arbutus BioPharma, has ownership interest (in-
cluding patents) in Glycotest, and was consultant/advisory board
member for Glycotest. No potential conflicts of interest were dis-
closed by the other authors."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   Unclear risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2016a  (Continued)

 
 

Study characteristics

Patient Sampling "This is a randomised clinical trial which included HCV-positive patients with
bridging fibrosis or cirrhosis that did not respond to peg-interferon and ribavirin
which were randomised to groups that were given maintenance peg-interferon for
3.5 years or no treatment.

Patients with detectable HCV RNA at 10 clinical centres had to meet the follow-
ing criteria for enrolment: failure to have achieved a sustained virologic response
(SVR) after previous interferon treatment with or without ribavirin, the presence
of advanced hepatic fibrosis on liver biopsy (Ishak fibrosis score ≥ 3), no history
of hepatic decompensation or HCC, and the absence of defined exclusion criteria
(e.g., liver disease other than hepatitis C, uncontrolled medical or psychiatric con-
ditions, or contraindications to use of interferon or ribavirin.

For this study, 151 individuals (49 HCC cases and 102 HCV non-HCC controls) were
examined."

Age range: 45-57. Males 69.5%

Patient characteristics and setting  

Index tests AFP measurement with no predefined cut-oF value
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Target condition and reference standard(s) "HCC: two definitions of HCC were adopted, one for “definite” HCC and one for
“presumed” HCC. Definite HCC was defined by histologic confirmation or a new
mass lesion on imaging with AFP levels increasing to >1000 ng/mL. Presumed HCC
was defined as a new mass lesion on ultrasound in the absence of histology and
AFP was <1000 ng/mL in conjunction with one of the following characteristics: a) 2
liver imaging studies showing a mass lesion with characteristics of HCC (vascular
enhancement, wash out), b) progressively enlarging lesion on ultrasound leading
to death, or c) 1 additional imaging study showing a mass lesion with characteris-
tics of HCC that either increased in size over time or was accompanied by increas-
ing AFP levels."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Block T. reported receiving commercial research grant from Arbutus Bio-pharma,
had ownership interest (including patents) in Glycotest, and was consultant/advi-
sory board member for Glycotest. No potential conflicts of interest were disclosed
by the other authors.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have intro-
duced bias?

  Low risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    High

DOMAIN 2: Index Test (US+AFP)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

No    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2016b  (Continued)

 
 

Study characteristics

Patient Sampling The cohort consisted of 870 patients (432 HCC cases and 438 non-
HCC cirrhosis controls). Cases included consecutive adult patients
with HCC seen between February 2005 and August 2007 at seven
medical centres in the USA.

Patients with HCC were excluded if they were younger than 18
years of age, had prior treatment of their tumour, or history of oth-
er solid tumours.

Age range: 46-71. Males 74.5%

Patient characteristics and setting  

Index tests AFP measurement with no predefined cut-oF value

Target condition and reference standard(s) HCC: HCC was defined by histological examination or by the ap-
propriate imaging characteristics as defined by accepted guide-
lines.

To assure that controls did not have HCC, all controls were as-
sessed by AFP and an imaging test (US, CT, or MRI) 6 months after
enrolment.
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes T. Block reported receiving commercial research grant from Arbu-
tus Bio-pharma, had ownership interest (including patents) in Gly-
cotest, and was consultant/advisory board member for Glycotest.
No potential conflicts of interest were disclosed by the other au-
thors.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2016c  (Continued)

 
 

Study characteristics

Patient Sampling This study included 699 patients (113 HBV-related HCC and 586
HBV-positive controls). Patients included Asian Americans who
had HCC induced by chronic HBV infection (excluding all other ae-
tiologies) or HBV-infected patients without HCC (excluding coin-
fection with HCV).

Age range: 31-66. Males 69%

Patient characteristics and setting  

Index tests AFP measurement with no predefined cut-oF value

Target condition and reference standard(s) Liver cirrhosis and HCC were determined through liver biopsy sup-
plemented by imaging examinations, mainly MRI.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes T. Block reported receiving commercial research grant from Arbu-
tus Bio-pharma, had ownership interest (including patents) in Gly-
cotest, and is consultant/advisory board member for Glycotest.
No potential conflicts of interest were disclosed by the other au-
thors.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    
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Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2016d  (Continued)

 
 

Study characteristics
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Patient Sampling This study included data from University of Texas Southwestern
and the Parkland Health and Hospital System, consisting of 1,229
patients (425 HCC cases and 804 cirrhosis controls).

Age range: 45-70. Males 70%

Patient characteristics and setting  

Index tests Serum AFP was determined using commercially available im-
munoassays with no predefined cut-oF value.

Target condition and reference standard(s) HCC: diagnosis based on AASLD criteria

Control group: all control patients were required to have 6 months
of follow-up to confirm absence of HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Block reported receiving commercial research grant from Arbu-
tus Bio-pharma, had ownership interest (including patents) in Gly-
cotest, and is consultant/advisory board member for Glycotest.
No potential conflicts of interest were disclosed by the other au-
thors.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2016e  (Continued)

 
 

Study characteristics

Patient Sampling Patients were enrolled from January 2014 to March 2015 in Yantai
Yu Huang top Hospital and Infectious Disease Hospital of Yantai
City. Patients were allocated into two different categories: HBV-re-
lated HCC patients (HCC group - 113 patients) and chronic HBV in-
fected non-HCC patients (CHB group - 161 patients).

Age range: 21-75. Males 93%

Patient characteristics and setting  

Index tests AFP: AFP level was detected with an AFP reagent kit (Abott, IL USA)
on an Abott Architect Plus automatic biochemical analyzer (Abott,
IL USA) according to the manufacturer’s manual. Cut-oF values
and area under curve (AUC) were calculated. The optimal cut-oF
value of AFP was 17.56 ng/mL.

Target condition and reference standard(s) The diagnosis of liver cancer was made in accordance with the
standards of diagnosis and treatment of primary liver cancer
(2011 Edition) issued by the Ministry of Public Health of the Peo-
ple’s Republic of China.
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no competing interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Wang 2017  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2017  (Continued)

 
 

Study characteristics

Patient Sampling A total of 535 patients with chronic hepatitis B (CHB), including
176 HCC patients and 359 CHB patients with other liver diseases,
were retrospectively enrolled at the Affiliated Hospital of Northern
Sichuan Medical College from January 2017 to March 2019. A to-
tal of 359 CHB patients, including 186 with cirrhosis, 53 with chole-
cystitis, 37 with bile duct stones, 21 with drug-induced hepatitis,
51 with alcoholic hepatitis, 8 with hepatitis E.
infection, and 3 with hepatitis C infection.
Age range: 39-62. Males 81%

Patient characteristics and setting  

Index tests Serum levels of AFP were measured by electrochemiluminescence
immunoassay. 
No predefinition of a cut-oF value

Target condition and reference standard(s) The diagnosis of HCC was made in accordance with the standards
of the guidelines for the diagnosis and treatment of primary HCC
issued by the Chinese Society of Clinical Oncology.
Controls: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors have no conflicts of interest to declare."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    High

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Wang 2019a  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2019a  (Continued)

 
 

Study characteristics

Patient Sampling The study population consisted of 90 patients with HBV-associat-
ed HCC, 90 patients with HBV-associated liver cirrhosis (LC), 90 pa-
tients with CHB, and 90 healthy people. HCC patients and LC pa-
tients were admitted at the Second Affiliated Hospital of Harbin
Medical University between January 2017 and December 2017.
CHB patients and healthy participants were recruited from the Se-
cond Affiliated Hospital of Harbin Medical University. They were
matched for age, gender, and body mass index.

Age range not reported. Males 61%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No predefinition of a
cut-oF value

Target condition and reference standard(s) The diagnosis of HCC was confirmed by histology, and none of
HCC patients received any form of treatment before enrolment.
Cirrhosis was diagnosed based on a biopsy or on a combination of
clinical, endoscopic, and radiological evidence of portal hyperten-
sion or cirrhosis.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that they have no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Wang 2019b 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

Wang 2019b  (Continued)
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DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wang 2019b  (Continued)

 
 

Study characteristics

Patient Sampling 60 patients with chronic hepatitis C were subdivided into 3 co-
horts: mild disease (fibrosis stage F0-2; n = 20); cirrhosis (n = 20);
and cirrhosis with HCC (n = 20).

Age range not reported. Males 60%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue 20 ng/mL

Target condition and reference standard(s) The diagnosis of HCC was established according to currently ac-
cepted professional guidelines.

Controls: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Weiss 2019  (Continued)
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Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Weiss 2019  (Continued)

 
 

Study characteristics

Patient Sampling "All patients referred from different hospitals and clinics to the
Joint Hepatoma Clinic of the Chinese University of Hong Kong,
which is a tertiary centre for the management of suspected or con-
firmed liver tumours, between January 2003 and June 2005 were
retrospectively studied.

Nine hundred and eighty-two patients visited the Joint Hepatoma
Clinic during the study period. Five hundred and seventy-nine
patients were included in the analysis after excluding patients
who had non viral hepatitis related disease (n = 168), had missed
records (n = 79), had pre-existing HCC (n = 30), had no USG (n =
119) and no AFP test (n = 7). Patients having chronic liver diseases
caused by other aetiologies including alcoholic liver disease, au-
toimmune liver disease and primary biliary cirrhosis were exclud-
ed from the analysis."

Age range: 46-70. Males 83%

Patient characteristics and setting  

Index tests Patients with elevated AFP levels (defined as > 20 ng/mL) and/or
with suspicious lesions (any space occupying lesion) on USG were
referred to the Joint Hepatoma Clinic for further investigation.

Target condition and reference standard(s) All patients were assessed with same-day US and AFP testing in
the clinic within 2 weeks of referral. HCC was confirmed by histo-
logic evidence of HCC from liver biopsy, typical appearance of tu-
mour in a triphasic computerised tomography (CT) scan, charac-
teristic lipoidal uptake in CT and/or neovascularisation and arte-
rio-venous shunting in hepatic arteriography.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflict of interest: no conflicts of interest exist.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Wong 2008  (Continued)
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Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wong 2008  (Continued)

 
 

Study characteristics

Patient Sampling "This was a nested case-control study. All patients who subsequently devel-
oped HCC were identified. Control participants were age- (62 years) and gen-
der-matched chronic hepatitis B patients without HCC. By February 2008, 37 pa-
tients developed HCC, and 37 age- and gender-matched control subjects were
identified. Consecutive patients with chronic hepatitis B were recruited from the
liver clinic of the Prince of Wales Hospital, Hong Kong, from December 1997 to Ju-
ly 2000.9 We included patients aged 18 years or above who had positive hepatitis B
surface antigen for at least 6 months. We excluded patients who were co-infected
by hepatitis C virus or HIV. Patients with other concomitant chronic liver diseases
(e.g. haemochromatosis, Wilson’s disease, primary biliary cirrhosis, autoimmune
hepatitis, drug-induced liver injury) were excluded. We excluded patients who con-
sumed more than 20 g of alcohol per week."

Age range: 46-61. Males 89%

Patient characteristics and setting  

Index tests AFP: conventional cut-oF value was set at 20 ng/mL.

Target condition and reference standard(s) Ultrasound of the abdomen, computerised tomography, hepatic angiogram and/
or liver biopsy were performed if AFP levels were higher than 50 lg/L or demon-
strated a rising trend over 20 lg/L to confirm the diagnosis of HCC.

For patients with normal AFP levels, ultrasound scan was performed every 1–2
years.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Conflicts of Interest Statement: Prof. Francis Chan has served as a speaker, a con-
sultant and an advisory board member for Pfizer, and a speaker for TAP Pharma-
ceuticals, AstraZeneca and Takeda. Prof. Joseph Sung received consulting fees
from the National Health Research Institutes of Taipei, The Hong Kong Police
Force, Lippincott Williams & Wilkins and the Hong Kong College of Physicians, and
received lecture fees from AstraZeneca Hong Kong Limited, GSK Pharmaceuticals
International and the American Society for Gastrointestinal Endoscopy. Prof. Hen-
ry Chan is a member of the advisory board of Novartis, Schering-Plough and Phar-
masset.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    
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Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the
index test have introduced bias?

  Low risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

Yes    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wong 2009  (Continued)
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Study characteristics

Patient Sampling The entecavir cohort was composed of consecutive CHB patients who had re-
ceived entecavir (0.5 mg) daily for at least 12 months in the hepatitis clinics, Prince
of Wales Hospital, from December 2005 to March 2013. Patients who received en-
tecavir before October 2009 were retrospectively identified from the HBV DNA
record, and were recruited into the prospective follow-up study. All patients newly
started on entecavir after October 2009 were recruited into the longitudinal study
in a prospective manner.

Patients suffering from chronic hepatitis C (CHC), pre-existing HCC, or HCC diag-
nosed within the first year of entecavir treatment were excluded.

Age range: 40-60. Males 72%

Patient characteristics and setting  

Index tests AFP: two cut-oF values were used: 6 ng/mL was chosen because the sum sensitivi-
ty and specificity was the highest at this cut-oF value and conventional 20 ng/mL.

Target condition and reference standard(s) HCC: the diagnosis of HCC was established based on histopathological confirma-
tion detection of a positive lesion with at least two imaging techniques (trans-ab-
dominal USG, triphasic CT, magnetic resonance imaging, or hepatic angiogram), or
detection with one imaging technique coupled with an AFP concentration greater
than 400 lg/L.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes Potential conflicts of interest: Grace L.H. Wong has served as an advisory commit-
tee member for Otsuka and Gilead; she is also on the speakers’ bureau for Echo-
sens, Furui, and Otsuka. Henry L.Y. Chan is a consultant for Abbott, Bristol-Myers
Squibb, Furui, Gilead, Merck, Novartis, and Roche, has received honoraria for lec-
turing for Abbott, Bristol-Myers Squibb, Echosens, Gilead, GlaxoSmithKline, Mer-
ck, Novartis, and Roche, and has received an unrestricted grant from Roche for he-
patitis B research. He is on the speakers’ bureau for Abbott, Bristol-Myers Squibb,
Echosens, Gilead, GlaxoSmithKline, Merck, Novartis, and Roche. Vincent W.S. Wong
has served as an advisory committee member for Roche, Novartis, Gilead, and Ot-
suka; he is also on the speakers’ bureau for Bristol-Myers Squibb, Roche, Novartis,
Abbott Diagnostics, and Echosens.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of pa-
tients enrolled?

Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Wong 2014a 
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Could the selection of patients have intro-
duced bias?

  High risk  

Are there concerns that the included pa-
tients and setting do not match the review
question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference stan-
dard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the
index test have introduced bias?

  High risk  

Are there concerns that the index test, its
conduct, or interpretation differ from the re-
view question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly
classify the target condition?

No    

Were the reference standard results interpret-
ed without knowledge of the results of the in-
dex tests?

No    

Could the reference standard, its conduct, or
its interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does
not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between in-
dex test and reference standard?

Unclear    

Did all patients receive the same reference
standard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wong 2014a  (Continued)
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Study characteristics

Patient Sampling A historical control cohort of 424 treatment-naive patients was recruited from
December 1997 to July 2000 from the hepatitis clinic at the Prince of Wales
Hospital, Hong Kong. These patients underwent routine clinical care until the
mid to late 2000s, when antiviral treatments were not readily available or re-
imbursable.

Patients suffering from chronic hepatitis C (CHC), preexisting HCC, or HCC di-
agnosed within the first year of entecavir treatment were excluded.

Age range: 28-54. Males 65%

Patient characteristics and setting  

Index tests AFP: cut-oF predefined at 6 ng/mL

Target condition and reference standard(s) HCC: the diagnosis of HCC was established based on histopathological con-
firmation detection of a positive lesion with at least two imaging techniques
(trans-abdominal USG, triphasic CT, magnetic resonance imaging, or hepat-
ic angiogram), or detection with one imaging technique coupled with an AFP
concentration greater than 400 lg/L.

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes "Potential conflicts of interest: Grace L.H. Wong has served as an advisory
committee member for Otsuka and Gilead; she is also on the speakers’ bureau
for Echosens, Furui, and Otsuka. Henry L.Y. Chan is a consultant for Abbott,
Bristol-Myers Squibb, Furui, Gilead, Merck, Novartis, and Roche, has received
honoraria for lecturing for Abbott, Bristol-Myers Squibb, Echosens, Gilead,
GlaxoSmithKline, Merck, Novartis, and Roche, and has received an unrestrict-
ed grant from Roche for hepatitis B research. He is on the speakers’ bureau
for Abbott, Bristol-Myers Squibb, Echosens, Gilead, GlaxoSmithKline, Merck,
Novartis, and Roche. Vincent W.S. Wong has served as an advisory commit-
tee member for Roche, Novartis, Gilead, and Otsuka; he is also on the speak-
ers’ bureau for Bristol-Myers Squibb, Roche, Novartis, Abbott Diagnostics, and
Echosens."

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

Wong 2014b 
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DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

No    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

No    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wong 2014b  (Continued)

 
 

Study characteristics

Patient Sampling Two groups of consecutive participants were enrolled into the
present study. One group included 29 HBV-related HCC patients
and the other group included 30 HBV-related liver cirrhosis (LC).

Eligible criteria for HCC group included pathologically proven
HBV-related HCC and LC; hepatitis B e antigen (HBeAg) positive or
a quantity of HBV-DNA > 103/unit; no risk factors for HCV and he-
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patitis D virus (HDV); alcohol consumption < 40 g/week; and no
previous history of surgery, chemotherapy and radiotherapy

Eligible criteria for LC group included pathologically proven HBV-
related LC; HBeAg(+) or a quantity of HBV-DNA > 103/unit; no risk
factors for HCV and HDV; and alcohol consumption < 40 g/week.

Age range: 34-80. Males 88%

Patient characteristics and setting  

Index tests AFP: AFP was detected by chemiluminescence assay at the Clinical
Diagnostic Laboratory of Changzheng Hospital. The cut-oF value
was generated from the ROC curve.

Target condition and reference standard(s) HCC and LC were pathologically proven.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Wu 2009  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Wu 2009  (Continued)

 
 

Study characteristics

Patient Sampling According to eligibility criteria listed in Table 1, we collected 1028
serum samples from the five groups of participants (Table 2). For
each group, the age, sex, race, and the time and location sample
collection were well matched.

Age range: 37-61. Males 69%

Patient characteristics and setting  

Index tests Serum AFP measurement with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC: histopathology
Control: US or CT

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declare no conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Wu 2017 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Wu 2017  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wu 2017  (Continued)

 
 

Study characteristics

Patient Sampling The study was performed in the second Xiangya Hospital of Cen-
tral South University from November 2016 to March 2017. The
groups were the following: 143 HCC patients, controls were 37 pa-
tients with chronic hepatitis, 43 patients with cirrhosis and en-
rolled during the same period as HCC cases. Healthy controls in-
cluded 51 healthy volunteers.

Age range: 31-65. Males 80%

Patient characteristics and setting  

Index tests AFP: AFP was measured by the electrochemiluminescence im-
munoassay. The optimal cut-oF values for PIVKA-II and AFP in dif-
ferentiating HCC cases from non-cirrhotic chronic hepatitis and
cirrhosis without HCC controls were 104 mAU/mL and 209.2 ng/
mL, respectively.

Target condition and reference standard(s) HCC: the diameter of the tumour was measured by ultrasound
and/or CT.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no competing financial interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wu 2018  (Continued)
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Study characteristics

Patient Sampling A total of 374 participants from Beijing YouAn Hospital were in-
cluded in this study and divided into seven groups: the healthy
control(HC), chronic hepatitis B (CHB), liver cirrhosis (LC), very
early stage HCC, early stage HCC, advanced stage HCC and late
stage HCC groups. Exclusiion criteria: combined hepatocellu-
lar and cholangiocarcinoma, intrahepatic cholangiocarcinoma,
mixed HCC, HCC without HBV infection and HCC with HCV infec-
tion.
Age range not reported. Males 63.5%

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No predefinition of a
cut-oF value

Target condition and reference standard(s) The diagnosis of HCC was confirmed by histological examination.
LC and CHB groups underwent magnetic resonance imaging and
were followed up for six months to exclude potential HCC

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors report no conflicts of interest in this work

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Wu 2020 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Wu 2020  (Continued)
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Study characteristics

Patient Sampling Data were collected on consecutive patients referred to the De-
partment of Hepatobiliary Surgery at Eastern Hepatobiliary
Surgery Hospital in Shanghai between April 2016 and June 2017

Four groups: HCC, cirrhosis, chronic hepatitis, benign liver disease

Exclusion criteria: unavailability of baseline AFP; presence of ma-
lignant tumours other than HCC (including intrahepatic cholangio-
carcinoma, colorectal liver metastases, gallbladder cancer); ab-
sence of important variables regarding clinical and tumour char-
acteristics

Age range: 23-80. Males 80%

Patient characteristics and setting  

Index tests Serum concentrations of AFP were measured with the commer-
cially available ARCHITECT immunoassay. The predefined cut-oF
value was 20 ng/mL

Target condition and reference standard(s) The diagnosis of HCC was made based on the imaging tests, such
as angiography, computed tomography and magnetic resonance
imaging, according to accepted guidelines.

Diagnosis of liver cirrhosis was established by ultrasound test, CT
scan or magnetic resonance imaging and supplemented by portal
hypertension symptom (anorectal varices, splenomegaly, throm-
bocytopenia).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "This work was supported in part by the National Natural Science
Foundation of China (no. 81472284 and 81672699). The authors
have no other relevant affiliations or financial involvement with
any organisation or entity with a financial interest in or financial
conflict with the subject matter or materials discussed in the man-
uscript apart from those disclosed."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Xing 2019  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Xing 2019  (Continued)

 
 

Study characteristics

Patient Sampling 291 participants divided into four age- and gender-matched
groups, including a HCC group (n = 88), a liver cirrhosis (LC) group
(n = 67), a chronic hepatitis B (CHB) group (n = 68) and a healthy
control group (n = 68), were enrolled.

The participants with autoimmune hepatitis, alcoholic liver dis-
ease, Wilson’s disease, other types of viral hepatitis and other ma-
jor diseases were excluded.

Patient characteristics and setting  

Index tests AFP cut-oF value pre-specified at 20 ng/mL

Target condition and reference standard(s) HCC was diagnosed based on ultrasound, computed tomography
(CT), serum AFP, and histopathological examination.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Competing interests: the funding organisation(s) played no role
in the study design; in the collection, analysis, and interpretation
of data; in the writing of the report; or in the decision to submit
the report for publication."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Xu 2018 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Xu 2018  (Continued)

 
 

Study characteristics

Patient Sampling A total of 86 patients were enrolled in this study, including 62 pa-
tients with HBV-related liver fibrosis and 24 patients with HCC.
The 62 liver fibrosis patients were selected randomly from the Chi-
na HepB Related Fibrosis Assessment Research cohort support-
ed by the China Mega-project for Infectious Diseases. The 24 HCC
patients were included from those who had been diagnosed with

Yan 2018 
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HCC by imaging and pathological evaluations at the Peking Union
Medical College Hospital and Henan Cancer Hospital.

Exclusion criteria were: hepatitis C virus or human immunodefi-
ciency virus coinfection; presence of other causes of chronic liver
diseases such as alcoholic, autoimmune, genetic, drug-induced,
and nonalcoholic fatty; and pregnancy.

Age range: 28-66. Males 76%

Patient characteristics and setting  

Index tests AFP: optimal cut-oF level was 80.5 ng/mL

Target condition and reference standard(s) The 24 HCC patients were included from those who had been di-
agnosed with HCC by imaging and pathological evaluations. Con-
trols: All of the selected liver fibrosis patients underwent a liver
biopsy; the degree of inflammation and the fibrosis stage were as-
sessed according to the Ishak criteria.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflicts of interest are declared by any of the authors

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

Yan 2018  (Continued)
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DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yan 2018  (Continued)

 
 

Study characteristics

Patient Sampling Plasma was collected from 179 HCC patients (35 females and 144
males, with a mean age of 54.0 years) before hepatectomy at the
Cancer Hospital in China. All HCC patients were chronically infect-
ed with HBV. Cirrhosis plasma was obtained from 80 liver cirrhosis
patients (24 females and 56 males, with a mean age of 53.5 years)
with chronic HBV infection at Beijing You’an Hospital, Capital Med-
ical University.

Age range not reported. Males 77%

Patient characteristics and setting  

Index tests AFP levels were tested using a commercial immunoassay with en-
hanced chemiluminescence at the Clinical Diagnostic Laborato-
ries of the Cancer Hospital, Chinese Academy of Medical Sciences.
Cut-oF value 20 ng/mL

Target condition and reference standard(s) The histological diagnosis of the tissue samples was confirmed by
experienced pathologists.

Flow and timing No information on interval between index test and reference stan-
dard

Yang 2013a 
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Comparative  

Notes "This work was supported by the National Natural Science Foun-
dation of China (81172035, 30973388), the National Excellent Doc-
toral Dissertation of China (2007B68), the National High Technolo-
gy Research and Development Program of China (2012AA020206),
and the Basic Research Program of the Cancer Hospital, PUMC &
CAMS (JK2009B08, LC2009B45).
The authors declare no competing financial interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Yang 2013a  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yang 2013a  (Continued)

 
 

Study characteristics

Patient Sampling A total of 200 individuals visiting the Qilu Hospital of Shandong
University from July 2011 to December 2012 were consecutively
enrolled, including 123 patients with HBV-related HCC, 28 patients
with liver cirrhosis, 29 patients with chronic hepatitis B, and 20
healthy controls.

Exclusion criteria: secondary liver cancer from other primary ori-
gins, history of other solid tumour.

Age range and % males not reported

Patient characteristics and setting  

Index tests AFP: cut-oF predefined at 20, 200, and 400 ng/mL

Target condition and reference standard(s) Patients with HCC were diagnosed based on the guidelines of the
American Association for the Study of Liver Disease ( 2005). HCC
was defined on the basis of at least two dynamic imaging modali-
ties including angiography, computed tomography (CT), and mag-
netic resonance imaging (MRI), or by tumour biopsy.

Control group: all patients with CHB or LC were confirmed not
having HCC using ultrasonography or CT; no patients had newly
developed HCC for at least 3 months before enrolment.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declare no conflict of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Yang 2014 
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Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yang 2014  (Continued)
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Study characteristics

Patient Sampling The study included 233 consecutive early-stage HCC patients and
412 cirrhotic patients without HCC seen between February 2005
and August 2007 at seven tertiary referral centres in the USA.

Age range: 45-64. Males 70%

Patient characteristics and setting  

Index tests AFP: optimal cut-oF value was calculated to be 9.9 ng/mL.

Serum AFP was measured by automated systems (Wako) at the
time of enrolment prior to HCC-specific treatment.

Target condition and reference standard(s) HCC was defined by histopathological examination or by the spe-
cific radiologic characteristics endorsed by AASLD.

All controls were assessed by AFP and imaging 6 months after en-
rolment to ensure that they did not have HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "A.G. Singal has received speakers bureau honoraria from Bayer
and is a consultant/advisory board member for Bayer and Wako
Diagnostics. No potential conflicts of interest were disclosed by
the other authors."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Yang 2017 
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yang 2017  (Continued)

 
 

Study characteristics

Patient Sampling The control group consisted of patients who were candidates for HCC surveil-
lance, namely those with cirrhosis or chronic hepatitis B without HCC seen at
Mayo Clinic between October 2013 and October 2016, (1) who were tested for
AFP, as part of their regular clinical care or (2) had provided stored serum with
research consent authorisation for the measurement of AFP. The case group
consisted of patients with newly diagnosed HCC in the setting of cirrhosis or
chronic hepatitis B during the same study period, (1) who were tested for AFP,
as part of their regular clinical care or (2) had provided stored serum with re-
search consent authorization for the measurement of AFP at the time of tu-
mour diagnosis.

Age range not reported. Males 62%

Patient characteristics and setting  

Index tests Serum AFP measurement with 20 ng/mL as cut-oF value. Serum biomarkers
were measured using the WAKO mTASWako i30 Immunoanalyzer.

US no specification

Yang 2019 
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Target condition and reference standard(s) The diagnosis of HCC was made by dynamic contrast CT or MRI of the liver or
biopsy based on the guidelines of the AASLD. Control patients were required to
have at least 6 months of follow-up after GALAD score assessment to confirm
the absence ofHCC or have a negative contrast-enhanced multiphasic CT, MRI,
or liver biopsy at the time of GALAD score assessment.

Flow and timing Demographic and clinical characteristics of patients were abstracted closest to
the time of blood collection within a maximum time window of 3 months.

Comparative  

Notes M.H. Nguyen reports receiving commercial research support from Bristol-My-
ers Squibb, Janssen Pharmaceuticals, Gilead Sciences, Laboratory for Ad-
vanced Medicine, and Exact Science; received honoraria from the speakers bu-
reau of Bristol-Myers Squibb, Janssen Pharmaceuticals, Intercept Pharmaceu-
ticals; Roche Laboratories, Dynavax Laboratory, Alnylam Pharmaceuticals, No-
vartis, Laboratory for Advanced Medicine, and Eisai Science. L.R. Roberts re-
ports receiving commercial research funding from Ariad, Wako, Gilead, BTG,
and Bayer, and Redhill; received honoraria from the speakers' bureau of Wako,
Medscape, NACCME, and OncLive; and is a consultant/advisory board member
for Bayer, Exact Sciences, Tavec, and Grail. No other potential conflicts of inter-
est were disclosed by the other authors.

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients
enrolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients
and setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index
test have introduced bias?

  Low risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Yang 2019  (Continued)
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DOMAIN 2: Index Test (US)

Were the index test results interpreted without
knowledge of the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classi-
fy the target condition?

Yes    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its
interpretation have introduced bias?

  Unclear risk  

Are there concerns that the target condition
as defined by the reference standard does not
match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Yes    

Did all patients receive the same reference stan-
dard?

No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yang 2019  (Continued)

 
 

Study characteristics

Patient Sampling A total of 1845 patients diagnosed either with chronic hepatitis,
cirrhosis, or HCC with different backgrounds were enrolled be-
tween December 2008 and December 2013 at Henan Cancer Hos-
pital in Zhengzhou, and Beijing Hospital.

The study included 318 cases of hepatitis, 731 cases of cirrhosis
and 796 HCC cases.

Age range: 31-65. Males 79.5%

Yao 2016 
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Patient characteristics and setting  

Index tests AFP: Receiver operating characteristic (ROC) curves were plotted
to identify a cut-oF value that would best distinguish HCC patients
from the other two groups of participants. The optimal cut-oF val-
ue for AFP was 11.62 ng/mL.

The measurement of AFP in the two hospitals were achieved by
using same electrochemiluminescence immunoassay system
Modular E170 (Roche, Mannheim, Germany). The normal range is 0
ng/mL to 20 ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was confirmed by pathologic examination of
the resected liver specimens.

Patients were examined for HCC by abdominal ultrasonography,
dynamic CT, and/or MRI every 3-6 months.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No conflict of interest was disclosed in this study.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Yao 2016  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yao 2016  (Continued)

 
 

Study characteristics

Patient Sampling This study enrolled a total of 1244 participants, including HCC,
healthy controls , benign liver tumours , chronic hepatitis B, and
liver cirrhosis

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement with no predefined cut-oF value

Target condition and reference standard(s) Diagnosis of LC was based on a history of CHB infection, con-
firmed by biopsy or two imaging technologies, i.e. hepatic ultra-
sound with CT or MRI. To limit the possible presence of early-stage
HCC clinically unrecognised in cirrhosis Patients with cirrhosis
with < 20 years of chronic hepatitis history and in compensated
phase of the disease were preferred.
HCC was diagnosed based on ultrasound, CT, or MRI and AFP
serology and confirmed by histopathology according to guidelines
of the American Association for the Study of Liver Disease (AASLD).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Ye 2019a 
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Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Ye 2019a  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ye 2019a  (Continued)

 
 

Study characteristics

Patient Sampling This study enrolled a total of 1244 participants, including HCC,
healthy controls, benign liver tumours, chronic hepatitis B, and
liver cirrhosis

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. No predefinition of a
cut-oF value

Target condition and reference standard(s) Diagnosis of LC was based on a history of CHB infection, con-
firmed by biopsy or two imaging technologies, i.e., hepatic ultra-
sound with CT or MRI. To limit the possible presence of early-stage
HCC clinically unrecognised in cirrhosis Patients with cirrhosis
with < 20 years of chronic hepatitis history and in compensated
phase of the disease were preferred.
HCC was diagnosed based on ultrasound, CT, or MRI and AFP
serolology and confirmed by histopathology according to guide-
lines of the American Association for the Study of Liver Disease
(AASLD).

Ye 2019b 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Ye 2019b  (Continued)
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Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ye 2019b  (Continued)

 
 

Study characteristics

Patient Sampling Between April 2001 and December 2006, 3147 patients with chron-
ic HBV infections were under surveillance for HCC detection at
Severance Hospital, Seoul, Korea. The surveillance program in-
cluded ultrasonography (US) and AFP every 3, 6 or 12 months.
During surveillance, 100 randomly selected non-HCC test results
were included in the control group.

A total of 113 patients with chronic HBV infections were found to
have HCC while under surveillance. Of these patients, 7 whose
serum PIVKA-II was not measured at the time of HCC diagnosis
were excluded from the analysis; 106 patients were included in the
case group.

Age: 48-63. Males 82%

Patient characteristics and setting  

Index tests AFP: serum AFP was measured by electrochemiluminescence
assay using a cut-oF value of 20 ng/mL (Roche Diagnostics,
Mannheim, Germany).

Yoon 2009 
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Target condition and reference standard(s) HCC was diagnosed either histologically or by typical HCC imaging
patterns using angiography, computed tomography (CT) and/or
magnetic resonance imaging (MRI).

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors reported no conflicts of interest. The authors wer re-
sponsible for the content and writing of the paper.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Yes    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Yoon 2009  (Continued)
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Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yoon 2009  (Continued)

 
 

Study characteristics

Patient Sampling 120 patients were included in the study and divided into three
groups: 40 patients with HCC, 40 patients with liver cirrhosis and
40 healthy individuals.
Age range not reported. Males 56%

Patient characteristics and setting  

Index tests AFP: optimal cut-oF value calculated at 9 ng/mL

Target condition and reference standard(s) HCC: diagnosis of HCC was based on elevated AFP values, the
presence of focal hepatic lesion detected by liver ultrasound, and
confirmed by CT or MRI.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Youns 2013 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Youns 2013  (Continued)

 
 

Study characteristics

Patient Sampling This retrospective study provides a broad survey of the accuracy
of US, CT, and MRI for HCC detection in a large population of cir-
rhotic patients undergoing liver transplantation in a single major
USA transplantation centre Query of our database yielded 1097
adults receiving orthotopic liver transplantation at our institu-
tion from January 1999 to November 2006. Of these, 638 consecu-

Yu 2011 
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tive patients (407 men, 231 women; age 18–75 years, mean 53.2)
with chronic liver disease who underwent unenhanced US, con-
trast-enhanced single or multidetector helical CT, and/or dynam-
ic contrast-enhanced MRI at our institution within 6 months of the
transplantation comprised the study population. HCC was con-
firmed in 638 patients.
Age range: 18-75. Males 64%

Patient characteristics and setting  

Index tests AFP: cut-oF values prespecified at 10 ng/mL and 20 ng/mL; US no
definition of positivity criteria

Target condition and reference standard(s) Reference standard: pathology of the explanted liver

Flow and timing Patients who had imaging modalities performed within 6 months
of the transplantation comprised the study population.

Comparative  

Notes The author discloses the following: "Dr Lu has received education-
al and research support from Philips and GE Healthcare. The other
authors disclose no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Yu 2011  (Continued)
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DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Yes    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Low risk  

Yu 2011  (Continued)

 
 

Study characteristics

Patient Sampling In the Hepatitis Biobank of Southwest Hospital (HBS) cohort at
Southwest Hospital, we did a two-stage nested case-control study.
Totally, 51 HCC cases versus 138 matched controls were enrolled
to compare levels of α-fetoprotein (AFP) and PIVKA-II in sequential
sera at −12, −9, −6, −3 and 0 months before imaging diagnosis. At-
risk controls were randomly selected and matched according to
age, gender and liver cirrhosis status.

Patients receiving warfarin or vitamin K before haemospasia were
screened out for the influence on PIVKA-II level.

Age range: 39-67. Males 74%

Yu 2016 
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Patient characteristics and setting  

Index tests AFP: serum levels of AFP were measured by AFP. Reagent kit via
chemiluminescent microparticle immunoassay (CMIA) (ARTHI-
TECT i2000, Abbott Laboratories, America). Cut-oF values prespec-
ified at 5, 20, 400, 200 ng/mL

Target condition and reference standard(s) HCC: any participants diagnosed as HCC should met two imag-
ing criteria (hepatic ultrasound plus CT or MRI), and then all cases
were confirmed by biopsy.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no competing financial interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? Yes    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    Low concern

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Yu 2016  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yu 2016  (Continued)

 
 

Study characteristics

Patient Sampling The included patients were subdivided in:

- chronic hepatitis B patients (CHB group)

- HBV-related liver cirrhosis patients (liver cirrhosis group)

- HBV-related HCC patients (HCC group)
Age range and % males not reported

Patient characteristics and setting  

Index tests AFP measurement with a cut-oF value of 20 ng/mL

Target condition and reference standard(s) HCC diagnosed by two experienced pathologists. If no tissue avail-
able, diagnosis must be supported by two image reports (ultra-
sound B, CT, or MRI).
Cirrhosis diagnosed by two experienced pathologists. If no tissue
available, diagnosis must be supported by two image reports (ul-
trasound B, CT, or MRI). CHB no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no potential conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Yu 2020a 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Yu 2020a  (Continued)
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Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yu 2020a  (Continued)

 
 

Study characteristics

Patient Sampling The include patients were subdivided in:

- chronic hepatitis B patients (CHB group)

- HBV-related liver cirrhosis patients(liver cirrhosis group)

- HBV-related HCC patients (HCC group)

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue 20 ng/mL

Target condition and reference standard(s) HCC diagnosed by two experienced pathologists. If no tissue avail-
able, diagnosis must be supported by two image reports (ultra-
sound B, CT, or MRI).
Cirrhosis diagnosed by two experienced pathologists. If no tissue
available, diagnosis must be supported by two image reports (ul-
trasound B, CT or MRI). CHB no definition.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declare no potential conflict of interest.

Methodological quality

Yu 2020b 
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Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Yu 2020b  (Continued)
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Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yu 2020b  (Continued)

 
 

Study characteristics

Patient Sampling The included patients were subdivided in :

- chronic hepatitis B patients (CHB group)

- HBV-related liver cirrhosis patients(liver cirrhosis group)

- HBV-related HCC patients (HCC group)

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification. Predefined cut-oF val-
ue 20 ng/mL

Target condition and reference standard(s) HCC diagnosed by two experienced pathologists. If no tissue avail-
able, diagnosis must be supported by two image reports (ultra-
sound B, CT, or MRI).
Cirrhosis diagnosed by two experienced pathologists. If no tissue
available, diagnosis must be supported by two image reports (ul-
trasound B, CT, or MRI). CHB no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no potential conflict of interest."

Yu 2020c 
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Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

Yu 2020c  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Yu 2020c  (Continued)

 
 

Study characteristics

Patient Sampling "The study included 130 patients with chronic HCV genotype 4 (HCVG4)-asso-
ciated liver disease and HCC.

Patients were classified into four groups. Group I: [chronic, asymptomatic
carriers group (AC)], which included 30 patients with chronic HCVG4 and per-
sistent normal liver profile. Group II: [chronic active hepatitis (CAH) non-cir-
rhotic patients], which included 30 patients with elevated liver enzymes and
no cirrhosis in liver biopsy. Group III: [cirrhotic hepatitis C patients], which in-
cluded 30 patients with cirrhosis on top of CAH as confirmed by liver biopsy
(F5-6/6 by Ishak score) and Group IV: [HCC patients], which included 40 HCC
patients.

Patients with any cause of liver disease other than HCV, other malignancies,
a family history of malignancy and those with any contraindication to liver
biopsy were excluded from the study."

Age range: 25-58. Males 75%

Patient characteristics and setting  

Index tests "AFP: all patients were subjected to complete clinical assessment and labo-
ratory investigations including Quantitative Real Time PCR (Stratagene, USA)
for HCV, CBC, liver profile, INR, alfa fetoprotein (AFP), ANA and HCV antibody
(using Axyam-Abbot). The best cutoff for AFP was 10.35 ng/mL."

Target condition and reference standard(s) "HCC: HCC patients diagnosed according to BCLC guidelines and by
histopathological examination of ultrasound-guided liver biopsies taken
from the focal lesions.
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Controls: Group II: [chronic active hepatitis (CAH) non-cirrhotic patients],
which included 30 patients with elevated liver enzymes and no cirrhosis in
liver biopsy. Group III: [cirrhotic hepatitis C patients], which included 30 pa-
tients with cirrhosis on top of CAH as confirmed by liver biopsy."

Flow and timing No information on interval between index test and reference standard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judgement Risk of bias Applicability concerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients en-
rolled?

No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced
bias?

  High risk  

Are there concerns that the included patients and
setting do not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without
knowledge of the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index
test have introduced bias?

  High risk  

Are there concerns that the index test, its con-
duct, or interpretation differ from the review
question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify
the target condition?

No    

Were the reference standard results interpreted
without knowledge of the results of the index tests?

Yes    

Zekri 2013  (Continued)
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Could the reference standard, its conduct, or its
interpretation have introduced bias?

  High risk  

Are there concerns that the target condition as
defined by the reference standard does not match
the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index
test and reference standard?

Unclear    

Did all patients receive the same reference stan-
dard?

Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Zekri 2013  (Continued)

 
 

Study characteristics

Patient Sampling The included patients were subdivided in three groups: CHB, n =
10), liver cirrhosis (LC, n = 10), hepatocellular carcinoma (HCC, n =
10) and healthy control participants (HC, n = 10)

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement with commercial kit. No pre-definition
of a cut-oF value

Target condition and reference standard(s) Diagnoses of CHB, LC and HCC were made following the clinical
practice guidelines set forth by the American Association for the
Study of Liver Diseases (AASLD), the European Association for the
Study of the Liver (EASL) and/or the Asian Pacific Association for
the Study of the Liver (APASL)

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no potential conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Zhan 2020 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Zhan 2020  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhan 2020  (Continued)

 
 

Study characteristics

Patient Sampling "From August 2015 to August 2017, healthy individuals and pa-
tients with HBV-related diseases who were older than 18 years
were recruited from the Department of Hepatobiliary Surgery, Xi-
jing Hospital, and the Center of Infectious Diseases, Tangdu Hospi-
tal, Xi’an City, Shaanxi Province, China. All patients were positive
for HBsAg, and none of the patients had any other type of liver dis-
ease, such as chronic hepatitis C infection, alcoholic liver disease,
autoimmune liver disease, or metabolic liver disease."

Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement: no specification; predefined cut-oF val-
ue 29 ng/mL

Target condition and reference standard(s) The diagnosis of HCC and cirrhosis was histopathologically con-
firmed.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare no conflicts of interest for this article."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Zhang 2020 
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Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Zhang 2020  (Continued)
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Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhang 2020  (Continued)

 
 

Study characteristics

Patient Sampling 333 cases of HCC and 164 cases of cirrhosis were recruited in Chi-
na.

Age range and % males not reported

Patient characteristics and setting  

Index tests AFP: optimal cut-oF determined at 30.5 ng/mL

Target condition and reference standard(s) Not reported

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Zheng 2017 
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Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? No    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Unclear    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Unclear    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Unclear risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Unclear

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Unclear    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   Unclear risk  

Zheng 2017  (Continued)

 
 

Study characteristics

Patient Sampling The present study was performed between September 2009 and
August 2010. After informed consents were obtained, 118, 94 and
47 serum samples from the inpatients with HCC, chronic liver dis-
ease, and liver cirrhosis were collected from the Department of
Hepatitis, The Second Hospital of Nanjing, China.

Zhou 2012 
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Age range: 33-65. Males 77%

Patient characteristics and setting  

Index tests AFP:tThe qualitative measurement of serum AFP was performed
by using enzyme immunoassay method with commercial kit (Ab-
bott Laboratories, USA). According to the instruction of manufac-
ture, the normal range of AFP was 0 ng/mL to 10.9 ng/mL.

Target condition and reference standard(s) Diagnosis of HCC relied on the presence of a malignant liver nod-
ule (> 1.0 cm), as established on imaging techniques and by patho-
logical analysis of liver biopsies.

Patients with LC were determined by CT, ultrasonography, and
pathological analysis.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes The authors declared no potential conflicts of interest.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

Zhou 2012  (Continued)
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DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhou 2012  (Continued)

 
 

Study characteristics

Patient Sampling 361 participants were enrolled including healthy controls and pa-
tients with chronic hepatitis B, liver cirrhosis, and hepatocellular
carcinoma (HCC).

Exclusion criteria for this study: patients with liver cirrhosis or HCC
with overlapping etiologies for hepatitis including HCV, human im-
munodeficiency virus (HIV), alcohol abuse, autoimmune, genetic,
drug-induced and nonalcoholic fatty liver disease
Age range and % males not reported

Patient characteristics and setting  

Index tests Serum AFP measurement. No pre-definition of a cut-oF value

Target condition and reference standard(s) The diagnosis of LC was based on a history of CHB infection and
confirmed by liver biopsy or imaging techniques, i. e. computed
tomography (CT), or magnetic resonance imaging (MRI). Patients
with HCC were diagnosed based on ultrasound, CT or MRI and AFP
serology, and the diagnosis was ultimately confirmed by a liver
biopsy, according to expert consensus.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Zhou 2019 
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Notes The authors report no conflicts of interest in this work.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Unclear    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Zhou 2019  (Continued)
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Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  Low risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? Yes    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhou 2019  (Continued)

 
 

Study characteristics

Patient Sampling The study included a cohort of 86 hepatocellular carcinomas with
early stage (BCLC-0/A) and 40 patients with liver cirrhosis.

Age range: 25-78. Males 75%

Patient characteristics and setting  

Index tests AFP: cut-oF value predefined at 20 ng/mL

Target condition and reference standard(s) HCC: pathology or biopsy

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No potential conflicts of interest were disclosed.

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

Zhu 2013 
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DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhu 2013  (Continued)
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Study characteristics

Patient Sampling 322 patients (105 chronic hepatitis, 116 liver cirrhosis, and 101
HCC

Age range not reported. Males 64%

Patient characteristics and setting  

Index tests Serum AFP measurement. Predefined cut-oF values 20 ng/mL and
100 ng/mL

Target condition and reference standard(s) HCC patients were diagnosed by histological findings or typical
imaging characteristics

Controls: no definition

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "The authors declare that there are no conflict of interests."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Zhu 2020 
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Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 2: Index Test (US)

Were the index test results interpreted without knowledge of
the results of the reference standard?

     

If a threshold was used, was it pre-specified?      

Could the conduct or interpretation of the index test have
introduced bias?

     

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

     

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zhu 2020  (Continued)

 
 

Study characteristics

Patient Sampling This is a cross-sectional study which prospectively included all
adult patients with chronic HCV from the outpatient clinics and

Ziada 2016 
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inpatient wards of Tropical Medicine and Infectious Diseases De-
partment at Tanta University Hospital, Tanta, Egypt.

103 patients were confirmed to have HCC, and 411 had no HCC.

Exclusion criteria: patients with diagnosed HCC, hepatic metasta-
sis, and prior HCC treated lesions

Age range: 29-78. Males 81%

Patient characteristics and setting  

Index tests AFP: cut-oF values were predefined at 100 ng/mL and 200 ng/mL

Target condition and reference standard(s) All cases were screened for HCC using ultrasonography and AFP.
Individuals with solid focal lesion in ultrasound examination, and/
or serum AFP level > 200 ng/mL were examined by tri-phasic CT,
and/or MRI to confirm or roll out the diagnosis of HCC.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes "Authors declare no conflicts of interest."

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? Yes    

Did the study avoid inappropriate exclusions? No    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

Yes    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  Low risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

Ziada 2016  (Continued)
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DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

Yes    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Ziada 2016  (Continued)

 
 

Study characteristics

Patient Sampling Two groups of patients were studied. The first group consisted of
41 patients with clinical or biopsy-confirmed cirrhosis complicat-
ed by HCC. The second group included 51 patients with compen-
sated HCV cirrhosis and no HCC.

Age range: 23-82. Males 83%

Patient characteristics and setting  

Index tests AFP: total AFP (AFP-L1 + AFP-L3) and the percentage of AFP-L3
contents of serum samples were determined using the LiBASys
clinical autoanalyzer (Wako Diagnostics). For AFP, the prespecified
cut-oF value was 20 ng/mL .

Target condition and reference standard(s) HCC: the diagnosis of HCC was confirmed by at least one of the fol-
lowing: (a) histology, (b) new hepatic lesion with an AFP of > 1000
ng/mL, and/or (c) new hepatic lesion with arterial phase enhance-
ment on computed tomography or magnetic resonance imaging.

Control group: the cirrhosis group had at least 2 years of follow-up
from the time serum was obtained for these studies.
The follow-up included ultrasound and AFP every 6 months for at
least 2 years with no evidence of development of HCC.

Zinkin 2008 
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Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes No information on conflicts of interest

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? Unclear    

Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

No    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    High

DOMAIN 4: Flow and Timing

Zinkin 2008  (Continued)
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Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zinkin 2008  (Continued)

 
 

Study characteristics

Patient Sampling A total of 90 HBV-related HCC patients, 30 healthy controls, and
30 chronic hepatitis B (CHB) patients were included in this study.
The exclusion criteria for healthy controls were as follows: age <
18 years, any treatment prior to surgery, positive markers of he-
patitis viruses, and history of malignant disease in the preceding 5
years.

Inclusion criteria were as follows: patients with chronic hepatitis
B (CHB) > 18 years of age, no history of any cancer, positive for HB-
sAg for at least 6 months prior to the start of the study, and no in-
fection with other hepatitis viruses.

Age range: 31-65. Males 67.5%.

Patient characteristics and setting  

Index tests AFP: serum AFP level was analysed according to the manufac-
ture’s instruction by enzyme-linked immunosorbent assay (ELISA)
kit (Cusabio, China and eBioscience, San Diego, CA). AFP prespeci-
fied at 20 ng/mL.

Target condition and reference standard(s) The diagnosis of HCC was confirmed by histopathology.

Flow and timing No information on interval between index test and reference stan-
dard

Comparative  

Notes Conflicts of interest: none

Methodological quality

Item Authors' judge-
ment

Risk of bias Applicability con-
cerns

DOMAIN 1: Patient Selection

Was a consecutive or random sample of patients enrolled? No    

Was a case-control design avoided? No    

Did the study avoid inappropriate exclusions? No    

Zuo 2016 
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Could the selection of patients have introduced bias?   High risk  

Are there concerns that the included patients and setting do
not match the review question?

    High

DOMAIN 2: Index Test (AFP)

Were the index test results interpreted without knowledge of
the results of the reference standard?

No    

If a threshold was used, was it pre-specified? Yes    

Could the conduct or interpretation of the index test have
introduced bias?

  High risk  

Are there concerns that the index test, its conduct, or inter-
pretation differ from the review question?

    Low concern

DOMAIN 2: Index Test (US+AFP)

DOMAIN 2: Index Test (US)

DOMAIN 3: Reference Standard

Is the reference standards likely to correctly classify the target
condition?

No    

Were the reference standard results interpreted without knowl-
edge of the results of the index tests?

Yes    

Could the reference standard, its conduct, or its interpreta-
tion have introduced bias?

  High risk  

Are there concerns that the target condition as defined by
the reference standard does not match the question?

    Low concern

DOMAIN 4: Flow and Timing

Was there an appropriate interval between index test and refer-
ence standard?

Unclear    

Did all patients receive the same reference standard? No    

Were all patients included in the analysis? Yes    

Could the patient flow have introduced bias?   High risk  

Zuo 2016  (Continued)

AASLD: American Association for the Study of Liver Diseases;AFP: alpha-foetoprotein;AIH: autoimmune hepatitis; ALT: aminotransferase;
AST: and aspartate aminotransferase; AUC: area under the curve; BCLC: Barcelona Clinic Liver Cancer; CECT: contrast-enhanced computed
tomography; CEMRI; contrast-enhanced magnetic resonance imaging; CEUS: contrast-enhanced ultrasound; CT: computed tomography;
CHB: chronic hepatitis B;CHC: chronic hepatitis C;CT: computer tomography; DCP: des-gamma-carboxy prothrombin; ELISA: enzyme-
linked immunosorbent assay); HBsAg: serum hepatitis B surface antigen; HCC: hepatocellular carcinoma; chronic hepatitis B (CHB);
CHC: chronic hepatitis C;HCV: hepatitis C virus; IOCT: iodised oil computed tomography; LC: liver cirrhosis; MELD: model for end-stage
liver disease; MRI: magnetic resonance imaging; NASH: nonalcoholic steatohepatitis; NPV: negative predictive values; OLT: orthotopic
liver transplantation; OPN: osteopontin; PEI: percutaneous ethanol injection; RFA: radiofrequency ablation; RNA: ribonucleic acid; PPV:
positive predictive values; SD: standard deviation; SE: standard error; TACE: transarterial chemoembolisation; US: ultrasound.
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Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abdelgawad 2013 Participants with HCC (40) were compared to participants with cirrhosis (10) and healthy partici-
pants (10). The results of the comparison of participants with HCC and participants with liver cir-
rhosis are not available No definition of the reference standard

Abd El Gawad 2014 Participants with HCC (40) were compared with 10 participants with liver cirrhosis and 10 normal
healthy participants. The results of comparison of participants with HCC and participants with liver
cirrhosis are not available.

Abdel-Hafiz 2018 80 participants with HCC were compared with 20 healthy volunteers who were collected from the
staF of the National Cancer Institute, Cairo University and Theodore Bilharz Research Institute
(TBRI), Giza.

Abelev 1971 Participants with HCC compared with participants with other cancer and healthy volunteers

Abouzied 2017 25 participants with HCC compared with 50 healthy controls

Aburano 1979 The 2 by 2 table was not reported directly in the study, and could not be calculated/extracted
based on the data that were available.

Asim 2010 No data on index tests (AFP, US, AFP+US)

Åström 2017 > 5 % included patients with recurrent HCC (5/32)

Bago 1993 Review. No original data

Baig 2009 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Banales 2019 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Bao 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Baumgarten 2001 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Beaugrand 2000 Review; no original data

Ben Hassine 2007 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Bialecki 2006 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Bird 2016 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Biwole Sida 1992 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Bolondi 1990 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.
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Study Reason for exclusion

Bottelli 1998 Non-systematic review. No original data

Bowry 1980 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Bröker 2014 Only participants without chronic liver disease and with focal liver lesions i.e. hepatic adenoma, fo-
cal nodular hyperplasia and HCC were included.

Buell 2001 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Cai 2019 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Carriere 1993 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were reported.

Chen 1995 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were reported.

Chen 2002 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were reported.

Chen 2010 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Chen 2011 41 participants with HCC compared to 38 healthy controls

Chen 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Cheng 2009 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were reported.

Choi 2013 9.6% of patients with recurrent HCC

Chun 2015 Study conducted in general population undergoing "routine health check ": only less than 5 %
(2286/49381) participants with chronic viral hepatitis.

Colombo 1991 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were reported.

Cui 2013 Comparison of 175 HCC with 80 cirrhosis patients and 105 healthy volunteers. Data on comparison
with 80 cirrhotics not available

Del Vecchio-Blanco 1977 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Dengler 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Deshpande 1981 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Di Martino 2013 Reported only analyses per lesion and not per patient
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Study Reason for exclusion

Ding 1995 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Di Poto 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Di Poto 2018 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Divella 2012 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Donato 1995 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Dong 2008 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Dou 2016 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El Abd 2016 50 participants with HCC compared to 30 participants with cirrhosis and 20 healthy participants.
The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

El-Ahwany 2019 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El-Attar 2010 30 participants with HCC compared to 20 participants with cirrhosis and 20 healthy participants.
The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

El Azm 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El-Emshaty 2014 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El-Emshaty 2015 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El Gedawy 2017 30 participants with HCC compared to 20 participants with chronic liver disease and 20 healthy par-
ticipants. The results of compariso0n of participants with HCCc and participants with chronic liver
disease are not available.

Elghoroury 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El-Mazny 2014 35 participants with HCC compared to 15 with liver cirrhosis and 10 healthy volunteers. No sepa-
rate analysis available.

El-Saadany 2018 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

El-Serag 2005 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.
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Elsewify 2020 Control group included healthy participants. No separate analysis was available.

Elshimi 2018 The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

Eltabbakh 2015 The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

El-Zefzafy 2015 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Esfeh 2020 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Fan 2017 52 participants with HCC compared with 30 participants with cirrhosis and 32 healthy participants.
No separated analysis available.

Farag 2018 Control group included healthy participants. No separate analysis was available.

Fouad 2014 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Fouad 2015 Control group included healthy participants. No separate analysis was available.

Frey 2015 The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

Fujiyama 1991 The results of comparison of participants with HCC and participants with liver cirrhosis are not
available.

Gandolfi 1987 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Ganne-Carrié 1996 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Gao 2012 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Geramizadeh 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Geramizadeh 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Gheorghe 1986 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available

Gheorghe 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Giangregorio 2009 Index test - contrast enhanced ultrasound, no data on standard US

Giannini 2012 Not pertinent: a prognostic study in a cohort of participants with HCC

Giannini 2013 Review; no original data
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Giannini 2014 Comment to an included study Gopal 2014, no original data

Giusti 2005 Imaging findings for hepatocellular adenoma

Goldaracena 2019 Definition of a prognostic score for the development of HCC recurrence following liver transplanta-
tion

Gomez Rodriguez 2012 Assessment of the AFP measurement as prognostic factor for patients with HCC

Gomez Rubio 2005 Index test is laparoscopic US, no data on abdominal ultrasound

Gorbatenko 1974 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Gounder 2016 Analysis of the cost of screening using AFP/US

Grąt 2016 AFP for the prediction of HCC recurrence after OLT

Ha 2012 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Hacque 2016 Comparison of AFP in patients with HCC vs normal individuals; only mean values

Hagag 2020 Control group included healthy participants. No separate analysis was available.

Hajiani 2005 Not pertinent. Definition of risk factors for HCC, no data on diagnosis

Han 2018b The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Hanaoka 2011 No data available on diagnostic accuracy of AFP: only an assessment of the highly sensitive fucosy-
lated fraction of α-fetoprotein in patients with AFP < 10 ng/mL.

Hashemi 2008 Assessment of the role of US in the differential diagnosis of liver masses. Only patients with known
focal lesions in the liver are included.

Hass 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Hemken 2019 Control group including healthy participants. No separate analyses

Hernandez 2011 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Heyward 1985 Duplicate: reporting preliminary data fully reported in an included study McMahon 2000.

Hiraoka 2016 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available. Only patients with diabetes and without liver disease are included.

Hu 2010 HCC vs all others (including healthy individuals). No separate analysis available

Hussein 2008 HCC vs all the others (including healthy controls). No separate analysis available

Hwang A 2018 The study was conducted on animals.
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Hwang H 2018 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Imberti 1993 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Izuno 1995 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Izzo 1998 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Jirun 2011 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Johnson 1997 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Jun 2019 Assessment of the prediction of future HCC

Junna 2017 Patients with HCC compared with healthy controls. No separated analysis available

Kim 2011a Only patients with hepatic mass(es) >2 cm who underwent biopsy or surgical resection were in-
cluded, no participants with chronic liver disease without HCC.

Kim 2011b The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Kim 2013 Assessment of tumour recurrence

Kim 2015 HCC vs all other groups (including healthy controls). No possibility to separate data

Kim 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

King 1989 HCC vs all other groups (including healthy controls). No separated analysis available

Kiyokawa 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Ko 2017 The study does not meet the inclusion criteria: the target condition is primary liver cancer includ-
ing cholangiocarcinoma ( 30 % of cases) and participants were enrolled in a routine health exami-
nation.

Kobayashi 1985 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Kobeisy 2012 AFP to diagnose severe fibrosis

Kuromatzo 1993 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Larcos 1998 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.
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Lee 2016 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Lee 2017 Surgical series including other tumours

Leerapun 2007 Index test: AFP-L3%. No data on AFP

Li 2016 HCC compared to healthy controls. No separated analysis available

Li 2018 The index test was a combination of AFP + CENP-F: it is not possible to separate data.

Li 2019b The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Li 2019c The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Liaw 1986 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Lim 2006 Only participants with HCC included. No per patient analysis

Liu 2003 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Liu 2008 Healthy participants in control group. No separated analysis available

Liu 2010b The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Liu 2013 90 participants with HCC compared to 30 normal healthy participants.

Liu 2014 Healthy participants in the control group. No separated analysis available

Liu 2017a Assessment of the prediction of future HCC

Liu 2017b Control group included healthy participants. No separate analysis was available.

Lu 2008 Participants without chronic liver disease were included. No separate analysis available

Luning 1991 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Lv 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Mac Kinnon 1985 58 patients with suspected liver malignancy, 27 metastases only 5 HCC.

Maeda 2019 Control group included healthy participants. No separate analysis was available.

Mao 2010 HCC vs all other groups (also healthy participants). No separated analysis was available.

Matboli 2018 Control group included healthy participants. No separate analysis was available.

Matboli 2020 Control group included healthy participants. No separate analysis was available.
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Matsubara 2013 Control group included healthy participants. No separate analysis was available.

Maussier 1990 Comparison only with a healthy control group

Mclntire 1972 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Mebazaa 1985 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Mehta 2018 More than 5% of recurrent HCC

Melia 1983 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Merchante 2019 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Mita 1998 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Morimoto 2002 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Morimoto 2012 Assessment of HCC recurrence

Morota 2011 HCC vs all other groups (including healthy controls). No separated analysis available

Nayak 1988 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Oka 1990 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Ola 2006 Patients with HCC compared to normal healthy participants.

Pan 2019 Control group included healthy participants. No separate analysis was available.

Peterson 2000 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Pocha 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Pratedrat 2020 Control group included healthy participants. No separate analysis was available.

Qiao 2011 HCC vs all other groups (including healthy controls). No separated analysis available.

Qu 2011 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Quaia 2004 Only participants with solid focal hepatic lesions were included for differential diagnosis.

Rao 2003 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.
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Rickes 2003 No data on US accuracy, only for CEUS

Rizzi 1994 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Rode 2001 Only per lesion analysis

Saber 2017 Study on surgical specimen. No data on the index tests

Sakai 1991 Review, no original data

Salmi 1988 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Sangiovanni 2004 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Santagostino 2003 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Sato 2009 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Seif 2019 Control group included healthy participants. No separate analysis was available.

Sekoguchi 1994 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Shalably 2019 Control group included healthy participants. No separate analysis was available.

Shao 2015 Only participants with suspected liver malignancy who underwent surgery were included for differ-
ential diagnosis.

Shapiro 1996 0nly per lesion analysis data provided

Shehab-Eldeen 2019 Control group included healthy participants. No separate analysis was available.

Sherman 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Sheu 1985 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Shinagawa 1984 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Singal 2017 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Tameda 2013 More than 5% of participants (55/96) was treated and were assessed for recurrent HCC.

Thakur 2014 Only participants with suspected liver malignancy were included.

Toyoda 2011 Participants only with AFP < 20 ng/mL
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Tradati 1998 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Tung 2012 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Ueda 1995 Only per lesion analysis only

Uenishi 2006 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Wang 2020 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Wei 2012 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Welberry 2020 Control group included healthy participants. No separate analysis was available.

Worland 2018 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Xiao 2019 Control group included healthy participants. No separate analysis was available.

Xu 1990 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Xu 2012 Only per-lesion analysis

Xu 2014 Participants without chronic liver disease were included. No separate analysis available

Xu 2019 Comparison of participants with HCC vs participants with focal nodular hyperplasia and without
chronic liver disease

Yamamoto 2009 No control group, only patients with HCC included

Yamamoto 2010 Assessment of treatment response

Yamashiki 2011 More than 5% (65/106) of patients with previously treated HCC

Yamashita 2020 Participants were included regardless of treatment history and with unspecified criteria for diagno-
sis.

Yang 2013b More than 5% of HCC were recurrent HCC

Yang 2019 Control group included healthy participants. No separate analysis was available.

Yao 2013 The 2 by 2 table was not reported directly in the study and could not be calculated/extracted based
on the data that were available.

Yasmin Anum 2009 The control group included healthy participants. No separate analysis available

Yasuda 2010 The 2 by 2 table was not reported directly in the study, and could not be calculated/extracted
based on the data that were available.
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Younis 2019 The 2 by 2 table was not reported directly in the study, and could not be calculated/extracted
based on the data that were available.

Yvamoto 2015 The control group comprises healthy participants. No separate analysis available

Zhang 1999 The 2 by 2 table was not reported directly in the study, and could not be calculated/extracted
based on the data that were available

Zhang 2010 HCC vs all others groups (including healthy controls). No separate analysis available

Zhao 2011 Mixed control group with healthy individuals. No separate analysis available

Zheng 2014 Mixed control group with healthy individuals. No separate analysis available

Zheng 2018 More than 5% patients with recurrent HCC

Zheng 2019 Control group included healthy participants. No separate analysis was available. 46/180 HCC were
recurrences.

AFP: alpha-foetoprotein;CENP-F: centromere protein F; CEUS: contrast-enhanced ultrasound; HCC: hepatocellular carcinoma; OLT:
orthotopic liver transplantation.
 

 

D A T A

Presented below are all the data for all of the tests entered into the review.

 

Table Tests.   Data tables by test

Test No. of studies No. of participants

1 Alpha-foetoprotein 326 144570

2 Ultrasound 39 18792

3 US + AFP 8 5454

4 AFP cut-oF around 20 ng/mL 147 52144

5 AFP cut-oF around 200 ng/mL 56 20452

6 US + AFP cut-oF 20 ng/mL 6 5044

7 US for direct comparison AFP 20 ng/mL 11 6674
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Test 1.   Alpha-foetoprotein
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Test 1.   (Continued)
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Test 3.   US + AFP
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Test 4.   AFP cut-o0 around 20 ng/mL
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Test 5.   AFP cut-o0 around 200 ng/mL
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Test 6.   US + AFP cut-o0 20 ng/mL

 
 

Test 7.   US for direct comparison AFP 20 ng/mL

 

 

A D D I T I O N A L   T A B L E S
 

GUIDELINE INDICATION TO SURVEILANCE TEST INTERVAL

American Association for the Study
of Liver Disease (AASLD; (Heimbach
2018))

Cirrhosis Abdominal ultra-
sound alone or plus
AFP

6 months

European Association for the Study of
the Liver with European Organization
for Research and Treatment of Cancer
(EASL-EORTC; (EASL-EORTC 2012; EASL
2018))

Cirrhosis in Child Pugh stages A and B; cir-
rhosis in Child C stage awaiting liver trans-
plantation; non-cirrhotic hepatitis B virus
(HBV) carriers with active hepatitis or family
history of HCC; non-cirrhotic chronic hepati-
tis C with advanced liver fibrosis stage 3 (F3)

Abdominal ultra-
sound

6 months

3 to 4 months: peo-
ple with a nodule
less than 1 cm or af-
ter resection or lo-
co-regional thera-
pies

Asian Pacific Association for the Study
of the Liver (APASL; (Omata 2017))

Cirrhosis and chronic HBV infection at risk of
HCC

Abdominal ultra-
sound with serum
AFP

6 months

Table 1.   Guideline recommendations for surveillance for hepatocellular carcinoma 

AFP: alpha-foetoprotein; HCC: hepatocellular carcinoma
 
 

Subgroup N of studies Sensitivity (95% CI) Specificity (95% CI) P value

Table 2.   Heterogeneity and sensitivity analyses for alpha-foetoprotein (AFP) cut-o0 value around 20 ng/mL 
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All 147 60% (58% to 62%) 84% (82% to 86%)  

         

case-control 111 60% (58% to 62%) 83% (81% to 85%)

cross-sectional 36 57% (52% to 62%) 88% (84% to 91%)

0.133

         

prospective 29 59% (54% to 63%) 86% (81% to 90%)

retrospective 118 60% (58% to 62%) 84% (82% to 86%)

0.828

         

before 2000 22 65% (59% to 71%) 85% (81% to 88%)

after 2000 125 59% (57% to 61%) 84% (82% to 86%)

0.264

         

cirrhosis > 10% 94 59% (56% to 61%) 85% (82% to 87%)

cirrhosis < 10% 2 61% (51% to 70%)*

57% (50% to 63%)**

87% (84% to 90%)*

83% (74% to 90%)**

§

         

Europe 22 60% (54% to 65%) 87% (83% to 90%)

America 19 56% (50% to 61%) 89% (85% to 92%)

Asia 98 60% (58% to 62%) 83% (80%to 86%)

Africa 7 68% (54% to 80%) 81% (71% to 89%)

0.447

         

HCC prevalence < 10% 16 54% (47% to 62%) 89% (84% to 93%)

HCC prevalence > 10% 131 60% (58% to 62%) 84% (81% to 86%)

0.147

         

clinical suspect 117 61% (59% to 63%) 83% (80% to 85%)

surveillance 30 54% (49% to 60%) 89% (86% to 92%)

0.005

         

HCC resectable < 20% 4 61% (48% to 72%) 82% (64% to 92%) 0.909

Table 2.   Heterogeneity and sensitivity analyses for alpha-foetoprotein (AFP) cut-o0 value around 20 ng/mL  (Continued)
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HCC resectable > 20% 25 56% (51% to 61%) 87% (81% to 91%)

         

biopsy 22 63% (58% to 68%) 82% (77% to 87%) 0.832

other reference stan-
dard

124 59% (57% to 61%) 85% (82% to 87%)  

         

viral < 80% 35 59% (55% to 63%) 87% (83% to 90%)

viral > 80% 84 59% (57% to 62%) 84% (81% to 86%)

0.694

         

Child A < 50% 17 59% (52% to 67%) 86% (82%to 89%)

Child A > 50% 34 59% (55% to 62%) 83% (77% to 87%)

0.746

         

Full text 142 60% (58% to 62%) 84% (82% to 86%)  

Table 2.   Heterogeneity and sensitivity analyses for alpha-foetoprotein (AFP) cut-o0 value around 20 ng/mL  (Continued)

* Hallager 2018 ; ** Liu 2017
§ Model failed to converge
HCC: hepatocellular carcinoma
 
 

Subgroup N of studies Sensitivity (95% CI) Specificity (95% CI) P value

         

All 56 36% (31% to 41%) 99% (98% to 100%) -

         

case-control 42 35% (30% to 40%) 99% (98% to 100%)

cross-sectional 14 39% (28% to 51%) 99% (98% to 100%)

0.874

         

prospective 9 42% (27% to 58%) 99% (97% to 100%)

retrospective 47 35% (30% to 40%) 99% (98% to 100%)

0.713

         

before 2000 9 28% (15% to 47%) 100% (98% to 100%)

after 2000 47 37% (33% to 42%) 99% (98% to 100%)

0.336

Table 3.   Heterogeneity and sensitivity analyses for alpha-foetoprotein (AFP) cut-o0 value around 200 ng/mL 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

702



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

         

cirrhosis > 10% 41 40% (28% to 40%) 99% (99% to 100%)

cirrhosis < 10% 0 - -

-

         

Europe 8 40% (28% to 54%) 99% (98% to 100%)

America 9 27% (21% to 35%) 100% (98% to 100%)

Asia 31 34% (29% to 40%) 98% (97% to 99%)

Africa 8 53% (39% to 66%) 99% (97% to 100%)

0.020

         

HCC prevalence < 10% 5 30% (16% to 48%) 100% (95% to 100%)

HCC prevalence > 10% 51 36% (32% to 41%) 99% (98% to 99%)

0.805

         

clinical suspect 49 36% (32% to 41%) 99% (98% to100%) 0.995

surveillance 7 34% (18% to 54%) 99% (96% to 100%)  

         

HCC resectable < 20% 2 42% (8% to 85%) 99% (82% to 100%)

HCC resectable > 20% 8 27% (12% to 50%) 99% (97% to 100%)

0.931

         

biopsy 9 31% (24% to 39%) 100% (97% to 100%)

other reference stan-
dard

46 37% (32% to 43%) 99% (98% to 100%)

0.140

         

viral < 80% 11 37% (29% to 46%) 99% (97% to 100%)

viral > 80% 30 32% (26% to 39%) 98% (98% to 100%)

0.705

         

Child A < 50% 13 42% (31% to 54%) 99% (99% to 100%)

Child A > 50% 11 24% (19% to 29%) 99% (97 to 100%)

0.008

         

Full text 54 36% (31% to 41%) 99% (98% to 100%) -

Table 3.   Heterogeneity and sensitivity analyses for alpha-foetoprotein (AFP) cut-o0 value around 200 ng/
mL  (Continued)
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HCC: hepatocellular carcinoma
 
 

Subgroup N of studies Sensitivity (95% CI) Specificity (95% CI) P value

         

All 39 72% (63% to 79%) 94% (91% to 96%) -

         

case-control 3 82% (64% to 92%) 87% (77% to 93%)

cross-sectional 36 71% (62% to 79%) 95% (92% to 97%)

0.737

         

prospective 18 72% (60% to 81%) 94% (90% to 96%)

retrospective 21 72% (58% to 82%) 94% (89% to 97%)

1.000

         

before 2000 16 79% (70% to 86%) 96% (92% to 98%)

after 2000 23 67% (54% to 78%) 93% (88% to 96)

0.091

         

cirrhosis > 10% 33 70% (60% to 78%) 94% (91% to 96%)

cirrhosis < 10% 0    

-

         

Europe 12 82% (73% to 89%) 94% (90% to 97%)

America 13 57% (45% to 68%) 94% (89% to 96%)

Asia 13 76% (58% to 88%) 94% (85% to 98%)

0.186

Africa 0 - -  

         

HCC prevalence < 10% 15 69% (54% to 81%) 96% (92% to 98%)

HCC prevalence > 10% 24 74% (62% to 82%) 93% (88% to 96%)

0.660

         

clinical suspect 19 74% (61% to 84%) 93% (89% to 96%)

surveillance 20 69% (57% to 79%) 95% (91% to 98%)

0.898

         

Table 4.   Heterogeneity and sensitivity analyses for ultrasonography (US) 
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HCC resectable < 20% 4 90% (75% to 97%) 82% (60% to 94%)

HCC resectable > 20% 16 66% (52% to 77%) 95% (91% to 97%)

0.088

         

biopsy 7 81% (64% to 91%) 90% (84% to 94%)

OLT 10 55% (41% to 69%) 97% (93% to 96%)

other reference standard 22 76% (64% to 84%) 94% (89% to 97%)

0.379

         

viral < 80% 17 70% (57% to 80%) 94% (90% to 96%)

       

viral > 80% 9 79% (58% to 91%) 91% (79% to 97%)

0.777

         

Child A < 50% 5 50% (33% to 68%) 91% (83% to 95%)

Child A > 50% 9 74% (52% to 88%) 93% (82 to 98%)

0.346

         

US positivity criteria pre-
defined

25 74% (63% to 83%) 93% (89% to 96%) -

         

Uninterpretable test re-
sults reported

3 80% (71% to 81%) 76% (71% to 81%) -

         

Full text 38 72% (64% to 80%) 94% (91% to 96%) -

Table 4.   Heterogeneity and sensitivity analyses for ultrasonography (US)  (Continued)

OLT: orthotopic liver transplantation; HCC: hepatocellular carcinoma
 
 

Subgroup N of studies Sensitivity (95% CI) Specificity (95% CI) P value

All 6 96% (88% to 98%) 85% (73% to 93%) -

         

case-control 0    

cross-sectional 6 96% (88% to 98%) 85% (73% to 93%)

-

Table 5.   Heterogeneity and sensitivity analyses for the combination of alpha-foetoprotein (AFP) (cut-o0 20 ng/mL)
and ultrasonography (US) 
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prospective 3 91% (84% to 95%) 91% (75% to 97%)

retrospective 3 97% (83% to 99%) 77% (66% to 85%)

0.578

         

before 2000 2 95% (44% to 100%) 81% (69% to 89%)

after 2000 4 96% (89% to 99%) 87% (69% to 95%)

0.703

         

cirrhosis > 10% 6 96% (88% to 98%) 85% (73% to 93%)

cirrhosis < 10% 0    

-

         

Europe 1 100% (83% to 100%) 74% (67% to 80%)

America 2 79% (54% to 94%)

90% (77% to 97%)

87% (79% to 94%)

83% (79% to 87%)

Asia 3 99% (98% to 100%)

91% (81% to 96%)

94% (71% to 100%)

68% (66% to 71%)

98% (96% to 99%)

82% (81% to 84%)

Africa 0    

§

         

HCC prevalence < 10% 3 96% (78% to 99%) 80% (76% to 84%)

HCC prevalence > 10% 3 95% (79% to 99%) 90% (68% to 97%)

0.100

         

clinical suspect 1 79% (54% to 94%) 87% (78% to 93%)

surveillance 5 97% (92% to 99%) 85% (70% to 93%)

0.289

         

HCC resectable < 20% 0    

HCC resectable > 20% 4 95% (84% to 99%) 88% (72% to 96%)

-

         

biopsy 1 99% (98% to 100%) 68% (66% to 71%) §

Table 5.   Heterogeneity and sensitivity analyses for the combination of alpha-foetoprotein (AFP) (cut-o0 20 ng/mL)
and ultrasonography (US)  (Continued)
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OLT 1 79% (54% to 94%) 87% (78% to 93%)

other reference stan-
dard

4 93% (86% to 97%) 88% (72% to 95%)

         

viral < 80% 1 79% (54% to 94%) 87% (79% to 94%)

viral > 80% 3 99% (98% to 100%)

91% (81% to 96%)

94% (71% to 100%)

68% (66% to 71%)

98% (96% to 99%)

82% (81% to 84%)

*

         

Child A < 50% 1 100% (83% to 100%) 74% (67% to 80%)

Child A > 50% 2 99% (98% to 100%)

91% (81% to 96%)

68% (66% to 71%)

98% (96% to 99%)

*§

         

US positivity criteria
predefined

2 90% (77% to 97%)

94% (71% to 100%)

83% (79% to 87%)

82% (81% to 84%)

§

         

Full text 6 96% (88% to 98%) 85% (73% to 93%) -

Table 5.   Heterogeneity and sensitivity analyses for the combination of alpha-foetoprotein (AFP) (cut-o0 20 ng/mL)
and ultrasonography (US)  (Continued)

* Sparse and missing data. Meta-analysis not conducted
§ Model failed to converge
OLT: orthotopic liver transplantation; HCC: hepatocellular carcinoma; US: ultrasonography
 

 

A P P E N D I C E S

Appendix 1. Search strategies

 

Database Time span Search strategy

The Cochrane Hepa-
to-Biliary Group Con-
trolled Trials Register

June 2020 ((ultrason* or ultrasound* or echograph* or echotomograph* or doppler* or B-
mode or B-scan or grey*scale) or (alpha or alfa) AND (fetoprotein* or foetopro-
tein or fetalprotein)) and diagnos* and (((liver or hepato*) and (carcinom* or
cancer* or neoplasm* or malign* or tumo*)) or HCC) and (liver OR hepat* OR
cirrhosis OR fibrosis)

The Cochrane Hepa-
to-Biliary Group Diag-
nostic Test Accuracy
Studies Register

June 2020 ((ultrason* or ultrasound* or echograph* or echotomograph* or doppler* or B-
mode or B-scan or grey*scale) or (alpha or alfa) AND (fetoprotein* or foetopro-
tein or fetalprotein)) and diagnos* and (((liver or hepato*) and (carcinom* or

 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

707



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

cancer* or neoplasm* or malign* or tumo*)) or HCC) and (liver OR hepat* OR
cirrhosis OR fibrosis)

The Cochrane Library 2020, Issue 6 #1 MeSH descriptor: [Ultrasonography] explode all trees

#2 (ultrason* or ultrasound* or echograph* or echotomograph* or doppler* or
B-mode or B-scan or grey*scale)

#3 #1 or #2

#4 MeSH descriptor: [alpha-Fetoproteins] explode all trees

#5 (alpha or alfa) AND (fetoprotein* or foetoprotein or fetalprotein)

#6 #4 or #5

#7 MeSH descriptor: [Diagnostic Techniques and Procedures] explode all trees

#8 diagnos*

#9 #7 or #8

#10 MeSH descriptor: [Carcinoma, Hepatocellular] explode all trees

#11 MeSH descriptor: [Liver Neoplasms] explode all trees

#12 ((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo*)) or HCC

#13 #10 or #11 or #12

#14 MeSH descriptor: [Liver Diseases] explode all trees

#15 liver OR hepat* OR cirrhosis OR fibrosis

#16 #14 or #15

#17 (#3 or #6) and #9 and #13 and #16

MEDLINE Ovid 1946 to June 2020 1. exp ULTRASONOGRAPHY/

2. (ultrason* or ultrasound* or echograph* or echotomograph* or doppler* or
B-mode or B-scan or grey*scale).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol supplemen-
tary concept word, rare disease supplementary concept word, unique identifi-
er, synonyms]

3. 1 or 2

4. exp alpha-Fetoproteins/

5. ((alpha or alfa) and (fetoprotein* or foetoprotein or fetalprotein)).mp.
[mp=title, abstract, original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading word, organism supple-
mentary concept word, protocol supplementary concept word, rare disease
supplementary concept word, unique identifier, synonyms]

6. 4 or 5

7. exp "Diagnostic Techniques and Procedures"/

8. diagnos*.mp. [mp=title, abstract, original title, name of substance word,
subject heading word, floating sub-heading word, keyword heading word, or-

  (Continued)
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ganism supplementary concept word, protocol supplementary concept word,
rare disease supplementary concept word, unique identifier, synonyms]

9. 7 or 8

10. exp Carcinoma, Hepatocellular/

11. exp Liver Neoplasms/

12. (((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo*)) or HCC).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol supplementary con-
cept word, rare disease supplementary concept word, unique identifier, syn-
onyms]

13. 10 or 11 or 12

14. exp Liver Diseases/

15. (liver or hepat* or cirrhosis or fibrosis).mp. [mp=title, abstract, original
title, name of substance word, subject heading word, floating sub-heading
word, keyword heading word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

16. 14 or 15

17. (3 or 6) and 9 and 13 and 16

18. limit 17 to (humans and ("all adult (19 plus years)" or "young adult (19 to 24
years)" or "adult (19 to 44 years)" or "young adult and adult (19-24 and 19-44)"
or "middle age (45 to 64 years)" or "middle aged (45 plus years)" or "all aged
(65 and over)" or "aged (80 and over)"))

Embase Ovid 1974 to June 2020 1. exp echography/

2. (ultrason* or ultrasound* or echograph* or echotomograph* or doppler* or
B-mode or B-scan or grey*scale).mp. [mp=title, abstract, heading word, drug
trade name, original title, device manufacturer, drug manufacturer, device
trade name, keyword, floating subheading word, candidate term word]

3. 1 or 2

4. exp alpha fetoprotein/

5. ((alpha or alfa) and (fetoprotein* or foetoprotein or fetalprotein)).mp.
[mp=title, abstract, heading word, drug trade name, original title, device man-
ufacturer, drug manufacturer, device trade name, keyword, floating subhead-
ing word, candidate term word]

6. 4 or 5

7. exp diagnostic test/

8. diagnos*.mp. [mp=title, abstract, heading word, drug trade name, original
title, device manufacturer, drug manufacturer, device trade name, keyword,
floating subheading word, candidate term word]

9. 7 or 8

10. exp liver cell carcinoma/

11. exp liver tumor/

  (Continued)
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12. (((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or
tumo*)) or HCC).mp. [mp=title, abstract, heading word, drug trade name, orig-
inal title, device manufacturer, drug manufacturer, device trade name, key-
word, floating subheading word, candidate term word]

13. 10 or 11 or 12

14. exp liver disease/

15. (liver or hepat* or cirrhosis or fibrosis).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufactur-
er, device trade name, keyword, floating subheading word, candidate term
word]

16. 14 or 15

17. (3 or 6) and 9 and 13 and 16

18. limit 17 to (human and (adult <18 to 64 years> or aged <65+ years>))

LILACS (Bireme) 1982 to June 2020 (ultrason$ or ultrasound$ or echograph$ or echotomograph$ or doppler$ or
B-mode or B-scan or grey$scale) or (alpha or alfa) AND (fetoprotein$ or foeto-
protein or fetalprotein) [Words] and diagnos$ [Words] and (((liver or hepato$)
and (carcinom$ or cancer$ or neoplasm$ or malign$ or tumo$)) or HCC) AND
(liver OR hepat$ OR cirrhosis OR fibrosis) [Words]

Science Citation In-
dex Expanded (Web of
Science)

1900 to June 2020 #6 (#1 or #2) AND #3 AND #4 AND #5

#5 TS=(liver or hepat* or cirrhosis or fibrosis)

#4 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo*)) or HCC)

#3 TS=(diagnos*)

#2 TS=((alpha or alfa) and (fetoprotein* or foetoprotein or fetalprotein))

#1 TS=(ultrason* or ultrasound* or echograph* or echotomograph* or
doppler* or B-mode or B-scan or grey*scale)

Conference Proceed-
ings Citation Index
– Science (Web of
Science)

1990 to June 2020 #6 (#1 or #2) AND #3 AND #4 AND #5

#5 TS=(liver or hepat* or cirrhosis or fibrosis)

#4 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign*
or tumo*)) or HCC)

#3 TS=(diagnos*)

#2 TS=((alpha or alfa) and (fetoprotein* or foetoprotein or fetalprotein))

#1 TS=(ultrason* or ultrasound* or echograph* or echotomograph* or
doppler* or B-mode or B-scan or grey*scale)

  (Continued)
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Domain 1. Participant selec-
tion

2. Index test 3. Reference standard 4. Flow and timing
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Signalling ques-
tions and crite-
ria

Q1: "Was a consecutive
or random sample of
participants enrolled?"

Yes - if the study reports
on a consecutive or a
random selection of
participants.

No - if the study reports
on another form of se-
lection of participants.

Unclear - if the study
does not report on how
the participants were
enrolled.

Q2: "Was a case-control
design avoided?"

Yes - if a case-control
design was avoided.

No - if the study was a
case-control.

Unclear - if the study
design was not clear.

Q.3: "Did the study avoid
inappropriate exclu-
sions?"

Yes - if definitions of ex-
clusion criteria are ap-
propriate (i.e. previous
surgery or treatment
for hepatocellular car-
cinoma; patients with
cholangiocarcinoma)
and all exclusions are
reported.

No - if exclusion criteria
are inappropriate and
exclusions are not re-
ported.

Unclear - if the study
does not report causes
of exclusions.

Q1: "Were the index test re-
sults interpreted without
knowledge of the results of
the reference standard?"

For ultrasonography (US)
and AFP:

Yes - if the study reports
that the results of the in-
dex test were interpreted
without the knowledge of
the results of the reference
standard.

No - if the study reports
that results of the index
test were interpreted with
the results of the reference
standard.

Unclear - if the study does
not report information
about blinding of the re-
sults of the index test and
reference standard.

Q2: "If a threshold was
used, was it pre-specified?"

Only for AFP:

Yes - if the threshold used
was reported in the meth-
ods section.

No - if the study reports
that the threshold was
chosen during the data
analysis stage (e.g. maxi-
mum of Youden index).

Unclear - if the study does
not report information
about threshold selection.

Q3: "Were positivity criteria
clearly defined?"

Only for US:

Yes - if the study clearly re-
ports positivity criteria (i.e.
the minimum diameter of
a detectable lesion, exclu-
sion of benign criteria).

No - if the study does not
report the positivity crite-
ria.

Q1: "Is the reference standard
likely to correctly classify the
target condition?"

Yes - if the reference standard
correctly defines the pres-
ence/absence of HCC (patholo-
gy of explanted liver in a trans-
plant cohort or CT MRI or his-
tology of resected or biopsied
focal lesions with adequate
follow up).

No - if other reference tests
than pathology of explanted
liver or CT MRI or histology of
resected or biopsied focal le-
sions with adequate follow up
were used.

Unclear - if the study does not
report on the reference stan-
dard used.

Q2: "Were the reference stan-
dard results interpreted with-
out the knowledge of the re-
sults of the index test?"

Yes - if the study reports that
the results of the reference
standard were interpreted
without the knowledge of the
results of the index test.

No - if the study reports that
the results of the reference
standard were interpreted
with the knowledge of the re-
sults of the index test.

Unclear - if the study does
not report information about
blinding of the results of the
reference standard and the in-
dex test.

Q1: "Was there an
appropriate interval
between the index
test and the reference
standard?"

Yes - if the interval
between the index
test and the refer-
ence standard was
less than 3 months.

No - if the interval
was longer than 3
months.

Unclear - if the study
does not report the
interval between the
index test and the
reference standard.

Q2: "Did all partic-
ipants receive the
same reference stan-
dard?"

Yes - if the study has
only one reference
standard for all the
participants.

No - if the study has
more than one refer-
ence standard.

Unclear - if the study
information regard-
ing the use of refer-
ence standard are
unclear.

Q3: "Were all par-
ticipants included
in the analysis and
analysed according
to intention-to-diag-
nose principle (unin-
terpretable results
considered as false)?"

Yes - if all enrolled
participants were
included in the
analysis and unin-
terpretable index
test results were
analysed according
to the intention-to-
diagnose principle).

  (Continued)
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No - if any partici-
pant was excluded
from the analysis for
any reason or unin-
terpretable index
test results were not
analysed according
to intention-to-diag-
nose principle.

Unclear - if the exclu-
sion of participants
from the analysis is
unclear.

Risk of bias Could the selection of
participants have intro-
duced bias?

Low risk: "Yes" for all
signalling questions.

High risk: "No" or "Un-
clear" for at least one
signalling question.

Could the conduct or inter-
pretation of the index test
have introduced bias?

Low risk: "Yes" for all sig-
nalling questions.

High risk: "No" or "Un-
clear" for at least one sig-
nalling question.

Could the reference standard,
its conduct, or its interpretation
have introduced bias?

Low risk: "Yes" for all signalling
questions.

High risk: "No" or "Unclear" for
at least one signalling ques-
tion.

Could the participant
flow have introduced
bias?

Low risk: "Yes" for all
signalling questions.

High risk: "No" or
"Unclear" for at least
one signalling ques-
tion.

Concerns about
applicability

Are there concerns
that included partici-
pants and setting do not
match the review ques-
tion?

Low concern: the par-
ticipants included in the
review represent the
participants in whom
the tests is used in clin-
ical practice (i.e. sur-
veillance programme
in patients with cirrho-
sis; clinical cohort of pa-
tients with cirrhosis).

High concern: the par-
ticipants included in the
review differ from the
participants in whom
the tests is used in clini-
cal practice.

Are there concerns that the
index test, its conduct, or
interpretation differ from
the review question?

Low concern: the index
test, its conduct or its in-
terpretation does not dif-
fer from the way it is used
in clinical practice.

High concern: the index
test, its conduct or its in-
terpretation differs from
the way it is used in clini-
cal practice.

Are there concerns that the tar-
get condition as defined by the
reference standard does not
match the question?

Low concern: the definition
of the target condition as de-
fined by the reference stan-
dard does match the question
as CT scan or MR for all includ-
ed patients.

High concern: the definition
of the target condition as de-
fined by the reference stan-
dard does not match the ques-
tion (i.e. pathology of the ex-
planted liver is feasible only in
the case of liver transplant; the
natural history and prognosis
of HCC detected in explanted
liver might be different.)

-

  (Continued)
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Figure 13
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Figure 13.   Risk of bias and applicability concerns summary: review authors' judgements about each domain for
each included study
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Figure 13.   (Continued)
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Figure 13.   (Continued)

 

Abdominal ultrasound and alpha-foetoprotein for the diagnosis of hepatocellular carcinoma in adults with chronic liver disease (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

715



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 

Figure 13.   (Continued)
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Figure 13.   (Continued)
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Figure 13.   (Continued)
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Figure 13.   (Continued)

 

Appendix 4. Results of studies of alpha-fetoprotein with any cut-o0 value

Figure 14

 

Figure 14.   Forest plots of sensitivity and specificity of alpha-fetoprotein with any cut-o0 value against di0erent
reference standards in 326 studies ordered by increasing sensitivity. Reference standards were: the pathology
of the explanted liver in case of transplantation.;the histology of resected focal liver lesions, or the histology of
biopsied focal liver lesions with a follow-up period of at least six months, typical characteristics on cross-sectional
multiphasic contrast CT or MRI, with a follow-up period of at least six months. TP = true positive; FP = false positive;
FN = false negative; TN = true negative. Values between brackets are the 95% confidence intervals (CIs) of sensitivity
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and specificity. The figure shows the estimated sensitivity and specificity of the study (blue square) and its 95% CI
(black horizontal line).
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Figure 14.   (Continued)
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Figure 14.   (Continued)
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Figure 14.   (Continued)
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Figure 14.   (Continued)

 

Appendix 5. Results of studies of alpha-fetoprotein with a cut-o0 value of 200ng/mL

Figure 15
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Figure 15.   Forest plots of sensitivity and specificity of alpha-foetoprotein with a cut-o0 value around 200 ng/
mL.against di0erent reference standards in 56 studies ordered by increasing sensitivity. Referencev standards were:
the pathology of the explanted liver in case of transplantation.;the histology of resected focal liver lesions, or the
histology of biopsied focal liver lesions with a follow-up period of at least six months, typical characteristics on
cross-sectional multiphasic contrast CT or MRI, with a follow-up period of at least six months. TP = true positive; FP
= false positive; FN = false negative; TN = true negative. Values between brackets are the 95% confidence intervals
(CIs) of sensitivity and specificity. The figure shows the estimated sensitivity and specificity of the study (blue
square) and its 95% CI (black horizontal line).
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Appendix 6. Summary receiver operating characteristic (ROC) comparing the combination of alpha-fetoprotein and
ultrasound

Figure 16

 

Figure 16.   Summary receiver operating characteristic (ROC) comparing in 8 studies the combination of alpha-
foetoprotein and ultrasound against di0erent reference standards. Reference standards were: the pathology
of the explanted liver in case of transplantation, the histology of resected focal liver lesions, or the histology of
biopsied focal liver lesions with a follow-up period of at least six months, typical characteristics on cross-sectional
multiphasic contrast CT or MRI, with a follow-up period of at least six months.
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