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ABSTRACT

This is a protocol for a Cochrane Review (Diagnostic test accuracy). The objectives are as follows:

To assess the diagnostic accuracy of multidetector, multiphasic contrast-enhanced computed tomography (CT) for the diagnosis of
hepatocellular carcinoma (HCC) of any size and at any stage in people with chronic advanced liver disease.
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BACKGROUND

Hepatocellular carcinoma (HCC) is the most common primary liver
neoplasm, usually developingin the setting of chronic liver disease.
It represents the third most common cause of death from cancer
worldwide, with exceedingly high rates in East and Southeast Asia,
several areas of Africa and Southern Europe (Bertuccio 2017). In
the last decade, HCC was one of the few cancers that showed
increasing incidence and mortality trends in several areas of the
world including Europe, and North and Latin America (Bosetti 2013;
Hashim 2016; Ryerson 2016). Mortality rates, even with a recently
downward reported trend, are reported to be still two to five times
higher in Japan, Hong Kong, and Korea than in most European
countries, and the Americas, (Bertuccio 2017). Most common
risk factors include liver cirrhosis, severe liver fibrosis, chronic
infections with hepatitis B and C, heavy alcohol intake, tobacco use,
diabetes, metabolic syndrome, aflatoxins (poisonous carcinogens
produced by Aspergillus flavus and Aspergillus parasiticus, which
grow in soil, decaying vegetation, hay, and grains), nonalcoholic
fatty liver disease, and being overweight (Yang 2011; Bosetti 2014;
Stanaway 2016; Bertuccio 2017); however, cases of HCC without
known risk factors have been reported (Bralet 2000; Young 2012).

Clinically, HCC is frequently diagnosed in the late stages of liver
disease because of the absence of specific symptoms, other than
those related to chronic liver disease. Only less than 20% of
patients are eligible for curative treatment — such as liver resection,
transplantation or ablation — due to advanced tumour stage, liver
dysfunction, or shortage of liver donors (Davila 2012). Furthermore,
curative treatment options are unfeasible in most cases 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 0.95) (Ferlay 2012), a five-
year survival rate of more than 50% can be achieved if the HCC
is detected at an early stage (Forner 2012). According to the
Barcelona Clinic Liver Cancer (BCLC) staging system, only patients
with early-stage HCC are eligible for curative treatment (Llovet
1999). Therefore, accurate and early diagnosis of HCC is of high
importance.

Prior to advancements in medical imaging, biopsy and cytologic
examination of the liver specimen were used to make a definitive
diagnosis of HCC (Tao 1984). With the development of advanced
imaging techniques, HCC has become unique among tumours
in that its characteristics can be accurately detected using
imaging, thus reducing the need for invasive biopsy (Forner 2008;
Sangiovanni 2010; Manini 2014). Currently, biopsy is not preferred
for the diagnosis of HCC due to concerns regarding tumour seeding,
bleeding, and rate of false-negative results (Silva 2008; Pomfret
2010). However, it is reserved for lesions with atypical appearance
and when imaging results are equivocal (Bruix 2011).

Computer tomography (CT) and contrast-enhanced magnetic
resonance imaging (MRI) have been established as the non-invasive
imaging modalities for detection and evaluation of liver lesions
(Lee 2012; O'Neill 2015). In comparison with single-detector CT,
multidetector computed tomography (MDCT) is superior due to
greater speed, thinner slices, and multiphasic scanning; these
factors improve spatial and temporal resolution and provide
more precise evaluation of liver tumour haemodynamics, and

consequentially, the diagnostic accuracy (O'Neill 2015). The ability
of a CT to detect HCC rests on characterising the enhancement
patterns in arterial, portal venous, and subsequent phases relative
to the surrounding liver tissue. The differences in blood flow and
extracellular volume between HCC and normal liver tissue lead to
main radiological hallmarks of HCC (Hennedige 2012; Choi 2014;
Shah 2014; LI-RADS 2018).

According to American Association for the Study of Liver Disease
(AASLD) and European Association for the Study of the Liver (EASL)
guidelines, a single contrast enhanced imaging study (CT or MRI),
performed in centres of excellence with sophisticated radiological
equipment showing typical radiological hallmarks in patients with
cirrhosis, is valid to diagnose HCC (Bruix 2011; EASL-EORTC 2012;
EASL 2018). However, if a detected lesion presents with some (but
not all) of the hallmarks of HCC, another imaging study or biopsy is
warranted.

According to current relevant guidelines, there are some differences
in recommendations for management with regards to the size of
a suspected focal liver lesion. In AASLD guidelines, lesions with a
diameter less than 1 cm and those with a diameter more than 1
cm without HCC hallmarks are labelled as indeterminate lesions
and require follow-up (Heimbach 2018). EASL guidelines propose
a diagnostic algorithm for management of suspected focal liver
lesions and group lesions in two categories (with a diameter
less than 1 cm, and more than 1 cm) (EASL 2018). Asian Pacific
Association for the Study of the Liver (APASL) diagnostic pathways
focus more on lesion characteristics than on size (Omata 2017).

Previous systematic reviews have assessed the performance of CT
in detecting HCC, and they have included different studies and
yielded different results (Colli 2006; Chen 2013; Floriani 2013; Chou
2015; Lee 2015; Ye 2015; Guo 2016; Hanna 2016; Roberts 2018).
These reviews are comparative reviews that compare two or more
tests (ultrasound, CT, MRI) and include studies conducted before
2016, when CT diagnostic criteria were clearly defined (LI-RADS
2016). Evaluation of risk of bias and definition of inclusion criteria,
type of studies, and reference standards are often inconsistent and
questionable. Furthermore, these reviews did not put the index
tests into context and did not define clearly their role, instead
comparing all the available tests as they were used simultaneously.
The aim of this systematic review and meta-analysis is to use
Cochrane methodology to determine the accuracy of CT for the
diagnosis of HCC of any size, as well as the diagnosis of resectable
HCC in people with chronic advanced liver disease.

Target condition being diagnosed

Hepatocellular carcinomais 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 nonalcoholic 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 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. The diagnosis of HCC
is usually obtained on the basis of cross-sectional CT or MRimaging

Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 2
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
i 4 Library

Cochrane Database of Systematic Reviews

features, and liver histology is required only for undefined lesion
(Omata 2017; EASL 2018; Heimbach 2018; LI-RADS 2018).

A number of staging systems for HCC have been proposed
and developed; however, there is no globally applicable staging
system (Kinoshita 2015). Among different staging protocols,
the BCLC staging 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).
It is comprised of four elements: tumour extension, liver functional
reserve, physical status, and cancer-related symptoms. According
to the BCLC, 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, and 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.
These criteria have been repeatedly validated and their value
is considerable (EASL 2018). With their implementation, overall
five-year survival of 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).

Index test(s)

Contrast-enhanced multidetector and multiphasic CT is
an advanced imaging modality which involves the rapid
administration of contrast material in combination with fast
acquisition of data using ionising radiation. Since its invention
in the 1970s, significant technological advancements have led to
improvement of hardware and software resulting in multidetector
image acquisition (today, up to 320-slice CT scanners exist).

Minimal CT requirements for the detection of HCC include use
of an eight-detector row CT scanner and 5 mm slice thickness
to obtain high-quality images. lodine contrast agent needs to
be administered intravenously at the minimum recommended
concentration of 300 mg /mL. After the injection of contrast, the
following dynamic phases need to be acquired: late arterial (35 to
40 seconds after contrast injection or 15 to 20 seconds after bolus-
tracking), portal venous (70 to 80 seconds after contrast injection
or 50 to 60 seconds after bolus-tracking), and delayed phase (6 to
10 minutes after contrast injection or 6 to 10 minutes after bolus-
tracking). The bolus-tracking technique and use of an automated
power injector are recommended to obtain properly timed phases
(Wald 2013). Injection of saline is strongly recommended because it
reduces the dose of residual contrast and its arrival time to hepatic
arteries (Bae 2010).

Acute adverse reactions to iodine contrast occur within one hour of
contrast medium injection and are categorised into mild (nausea,
mild vomiting, urticaria, and itching), moderate (severe vomiting,
marked urticaria, bronchospasm, facial/laryngeal edema, and
vasovagal attack), and severe (hypotensive shock, respiratory
arrest, cardiac arrest, and convulsion). Late adverse reactions
occur one hour to one week after contrast medium injection and

include maculopapular rashes, erythema, swelling, and pruritus.
Most skin reactions are mild to moderate and self-limiting. Very late
adverse reaction occurs more than one week after contrast medium
injection and includes thyrotoxicosis. The most important adverse
reaction following iodine contrast injection is contrast-induced
nephropathy (CIN), a decrease in renal function within three days of
the intravascular administration of a contrast medium. An increase
in serum creatinine by more than 25% or 44 umol/L (0.5 mg/dL)
indicates CIN (Thomsen 2014). The American College of Radiology
(ACR) only recognises relative contraindications for the use of
iodined contrast which include allergy to iodine, acute thyroid
storm, and planned or ongoing radioiodine treatment of the thyroid
gland. According to present evidence, it is controversial whether
myasthenia gravis should be considered a relative contraindication
(Davenport 2018).

lonising radiation produced by CT scanners is, by definition,
harmful to the molecular structure of human tissue. It can damage
DNA molecules directly by ionising them, or indirectly by producing
free radicals (electrons from atoms or molecules are knocked
out from their orbit, thereby creating ions which interact with
nearby DNA, causing breaks in its strands or base damage). Most
radiation-induced damage is quickly repaired; however, occasional
misrepair can induce mutations, gene fusion, and chromosomal
translocations, all of which could lead to the development of
cancer (Mitelman 2018). Biological effects of ionising radiation
can be divided into deterministic and stochastic. Deterministic
effects occur when an x-ray dose exceeds a specific threshold;
they are immediate and predictable, and include alopecia,
burning sensations, ulcerative skin lesions, cataract formation,
and cardiovascular disease (Einstein 2012). These effects are
uncommon, although cases of hair loss in patients undergoing CT
angiography/perfusion studies of the brain have been reported
(Wintermark 2010). Stochastic effects are probabilistic: they occur
with a probability that is believed to increase as the dose increases.
They are the main concern with medical imaging tests, and include
the risk of developing cancer (Einstein 2012). Many technological
improvements, dose reduction strategies, and radiation effect
campaigns have been made for the benefit of reducing radiation
risks in patients undergoing a CT exam.

According to the American College of Radiology Liver Reporting
and Data System (LI-RADS), typical hallmarks of HCC on contrast-
enhanced imaging modalities (contrast enhanced ultrasound, CT,
MRI) are detected and reported. In the case of CT, these include
nonrim-like hyperenhancement in late arterial phase (defined
as arterial phase hyperenhancement (APHE)) and subsequent
nonperipheral washout on portal venous or delayed phases (or
both). Not all lesions are typical; therefore, different diagnostic
grades are reported (LR 3, LR 4, or LR 5), which take into
account other factors including lesion size, enhancing capsule, and
threshold growth (LI-RADS 2018).

Clinical pathway

Surveillance of HCC (that is, screening performed at regular
intervals) in the at-risk population, i.e. patients with advanced
chronic liver disease regardless of etiology, is carried out by
abdominal ultrasound for detection of nodules. Once a suspected
nodule has been detected, other imaging methods are considered
according to the size of the nodule and appropriate guidelines. For
a flow diagram of the clinical pathway and placement of tests, see
Figure 1.

Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 3
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Figure 1. Flow diagram of the diagnostic pathway for the diagnosis of hepatocellular carcinoma
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According to the AASLD guidelines, the cut-off value for size
characterisation of liver nodules is 1 cm. If a suspected nodule
smaller than 1 cm is detected, a follow-up ultrasound at three
months is recommended to determine whether the lesion is
stabile in size or growing. If a change in character or growth is
observed, further workup is warranted; otherwise, further follow-
up is recommended. In nodules larger than 1 cm, a four-phase
MDCT or contrast-enhanced MRI is recommended to evaluate
hallmarks for HCC. If no hallmarks are detected, a second contrast-
enhanced study (CT or MRI) is warranted. If no imaging hallmarks
of HCC are detected, biopsy is recommended (Bruix 2011).
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European Association for the Study of the Liver (EASL)
diagnostic guidelines

In cirrhotic liver disease, the diagnostic algorithm proposed by the
EASL divides suspected focal liver lesions in two categories: lesions
smallerthan 1 cm, and those larger than 1 cm. Lesions smaller than
1 c¢m are to be followed up by ultrasound every four months: if the
size of the lesion does not increase, then further ultrasound follow-
up is recommended; otherwise, multiphasic contrast-enhanced CT,
multiphasic contrast-enhanced MRI, or gadoxetic-enhanced MRI is
required. Lesions larger than 1 cm directly require to be evaluated
by CT or MRL. If at least one of these imaging modalities is positive,
i.e. proves the existence of HCC hallmarks, diagnosis of HCC is
considered certain. If the results are equivocal, the use of other
multiphasic imaging modality is required: multiphasic contrast-
enhanced CT or multiphasic contrast-enhanced MRI, gadoxetic-
enhanced MRI or contrast-enhanced ultrasound. If these studies
prove the hallmarks of HCC, the diagnosis is certain; otherwise,

Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 4
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
i 4 Library

Cochrane Database of Systematic Reviews

biopsy is warranted. If biopsy appears to be unclear, re-biopsy is to
be considered or a repeat ultrasound follow-up every four months
(EASL 2018).

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

Under the APASL guidelines, a single dynamic contrast-enhanced
MRI or CT is warranted regardless of the size of suspected liver
nodule. If typical hallmarks of HCC are shown (presence of arterial
hyperenhancement, followed by washout in the portal venous or
delayed phases, or both), diagnosis is confirmed. If the lesion is
hypervascular but shows no washout, another contrast-enhanced
MRI study is needed. If the lesion proves to be hypointense,
HCC diagnosis is confirmed. However, if the lesion is isointense
or hyperintense, biopsy is warranted. If the lesion on the first
dynamic MRI or CT study is non-hypervascular, a dynamic MRI
study in hepatobiliary phase is needed. If the lesion is isointense
or hyperintense, surveillance by ultrasound is recommended every
six months, and if the lesion is hypointense, contrast-enhanced
ultrasound of the liver nodule is warranted. Depending on lesion
features on contrast-enhanced ultrasound, biopsy or another
dynamic CT or MRI study is recommended every three to six months
(Omata 2017).

Prior test(s)

For surveillance purposes, abdominal ultrasound is recommended
as a first-line imaging modality in patients with advanced chronic
liver disease, regardless of aetiology, who are at risk of developing
a HCC (Omata 2017; EASL 2018; Heimbach 2018). It is also used
as a diagnostic tool in patients with clinical suspicion of HCC for
detecting liver lesions. Alpha-fetoprotein (AFP) has been used as
a diagnostic biomarker even before technological advancements
(Kew 1975). However, its role as a screening tool is still a matter of
debate. The diagnosis of chronic advanced liver disease is based
on clinical judgement derived from history, laboratory testing,
physical examination, imaging, liver stiffness measurement, liver
histology, or a combination of the aforementioned. 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 chronic advanced liver disease is considered
equivalent to a histological diagnosis of cirrhosis (de Franchis
2015).

Role of index test(s)

Computer tomography is used as an add-on test after ultrasound
detection of liver lesions suspected for HCC in surveillance
programmes or hospital settings in patients with clinical suspicion.
Based on CT findings, biopsy and otherimaging modalities could be
avoided, therefore further testing could be reserved for a minority
of cases.

Alternative test(s)

An alternative imaging modality in detecting HCC is contrast-
enhanced dynamic MRI with extracellular and cell-specific
gadolinium-based contrast agents. A recent meta-analysis aimed
to determine the diagnostic benefit between multiphasic contrast-
enhanced CT, extracellular contrast-enhanced MRI, and cell-specific
gadoxetate-enhanced MRI for detection of HCC in patients with
cirrhosis (Roberts 2018). No definitive recommendation could be
made for the systematic use of gadolinium-enhanced MRI over CT,

although other previous meta-analyses reported a preference for
MRI (Lee 2015; Ye 2015; Guo 2016).

Contrast-enhanced ultrasound is an advanced form of ultrasound
examination in which images are acquired using intravenously
injected microbubble contrast agent. Dynamic contrast-enhanced
ultrasound images are obtained similarly to contrast-enhanced
CT and MR studies: depending on the time of image acquisition
afterintravenous contrast injection, the study differentiates arterial
and portal venous phases in which sonographic hallmarks for
HCC, such as arterial hyperenhancement and subsequent washout
appearance, are investigated (Chung 2015; LI-RADS 2016). Unlike
CT and MRI contrasts, ultrasound contrast agent is a purely
intravascular agent; therefore, it is highly accurate in detecting
tumour angiogenesis (Schirner 2004).

Lipiodol computerised tomography (lipiodol-CT) was used in the
past as a diagnostic modality for the detection of HCC. The
method included intra-arterial injection of iodised oil (lipiodol)
through the hepatic arterial supply, following which lipiodol was
deposited within the HCC nodule. The HCC was visualised as a
hyperattenuating nodule on the subsequent CT, and it showed
high sensitivity in detecting small HCC (Takayasu 1990). In the
context of transarterial chemoembolisation, lipiodol may be used
as an intraprocedural diagnostic modality (C-arm lipiodol CT) for
additional detection of small-size HCC (Li 2015).

Rationale

Hepatocellular carcinoma is currently detected by liver ultrasound
in patients with normal or high alpha-fetoprotein during
surveillance programmes in patients with chronic liver disease.
Following ultrasound, the diagnosis is usually confirmed with
high levels of alpha-fetoprotein or contrast enhanced ultrasound
(or both), CT, or MRI. The latter two imaging modalities are
also appropriate for staging and allow the choice of the most
appropriate treatment. There is no clear evidence of the benefits
of surveillance programmes in terms of overall survival: the
conflicting results can be a consequence of an inaccurate detection,
ineffective treatment, or both. Assessing the diagnostic accuracy
of CT, the most used confirmatory test after first-line tests, may
clarify whether the absence of benefit in surveillance programmes
might be related to underdiagnosis or understaging. Furthermore,
an assessment of the accuracy of CT for the diagnosis of HCC
is needed for either ruling out, diagnosing, or supporting further
testing in people with chronic liver disease who are notincluded in
surveillance programmes.

This review represents a part of a series of reviews about the
diagnostic accuracy of the most commonly used modalities for
diagnosing HCC in patients with chronic liver disease. The first part
will include assessment of the diagnostic accuracy of ultrasound
and alpha-fetoprotein levels, which are used as triage tests in the
surveillance. The second part will focus on the diagnostic accuracy
of contrast-enhanced ultrasound in characterising suspected
lesions as HCC as a second-line diagnostic modality. The present
review will focus on the assessment of CT as a third-line imaging
modality in assessing focal liver lesions detected on ultrasound
suspected for HCC. A review assessing the accuracy of MRI for
diagnosing HCC is in progress (Tang 2017). We are planning
to produce an overview of the reviews that assess abdominal
ultrasound and alpha-fetoprotein, contrast-enhanced ultrasound,
CT, and MRI for the diagnosis of HCC.
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OBJECTIVES

To assess the diagnostic accuracy of multidetector, multiphasic
contrast-enhanced computed tomography (CT) for the diagnosis
of hepatocellular carcinoma (HCC) of any size and at any stage in
people with chronic advanced liver disease.

Secondary objectives

« To assess the diagnostic accuracy of multidetector, multiphasic
contrast-enhanced computed tomography for the diagnosis of
resectable HCC in people with chronic advanced liver disease.
The definition of resectable HCC is a neoplasm amenable to
surgical radical resection according to the current guidelines
(Milan Criteria): a single lesion with a maximum diameter of less
than 5cm, orfewer than three lesions with a maximum diameter
of 3 cm (Mazzaferro 1996).

« To investigate the following predefined
heterogeneity:
* study date (studies published before the year 2005
compared to studies published after the year 2005, due to
advancements in technology);

* study date (studies published before 2016 compared to
studies published after 2016, due to 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 differences): studies conducted in
the Americas compared to Europe compared to Asia;

* participant selection (participants recruited from planned
screening programmes compared to clinical cohorts);

* different HCC stage (studies in which 20% or more of
participants have resectable HCC compared to studies in
which less than 20% of participants have resectable HCC);

* different reference standard (histology of the explanted liver
compared to liver biopsy compared to another reference
standard);

* different liver cirrhosis aetiology (hepatitis C or hepatitis B
virus associated cirrhosis compared to all other aetiologies);

* number of CT detector rows (exams conducted on 64-
slice or fewer compared with more than 64-slice, due to
advancements in technology);

* HCC mean diameter;

* prevalence of the target condition.

sources of

We chose the variables listed above for the following reasons. Due
to advancements in technology and change in diagnostic criteria,
we considered the date of study publication. The proportion of
participants without cirrhosis is relevant because HCC in absence of
cirrhosis has different CT characteristics, prognosis, and treatment.
There are differences in epidemiology and clinical and radiological
characteristics of HCC in Asia and in western countries. Selection
of participants can induce variability of results: participants
recruited from screening or surveillance programmes may be
different mainly in severity of the underlying liver disease and

The clinical and radiological characteristics of HCC varies according
to the aetiology of the underlying liver disease, mainly in the case of
chronic infection with hepatitis C or hepatitis B, compared to other
aetiologies. The accuracy of CT may vary according to the diameter
of the neoplastic lesion and the number of detector rows in the CT
equipment.

METHODS

Criteria for considering studies for this review
Types of studies

We will aim to include studies that, irrespective of publication
status and language, have evaluated the diagnostic accuracy
of multidetector, multiphasic contrast-enhanced computed
tomography for the diagnosis of hepatocellular carcinoma in
people with chronic liver disease. These studies should have
used one of the acceptable reference standards (see Reference
standards).

We will consider studies of cross-sectional design which include
participants with clinical suspicion of HCC. We plan to exclude
studies of case-control design that compared people with known
HCC to matched control as these are considered to have high risk
of bias due to inflated accuracy estimates (Colli 2014). We will
include studies assessing CT if all the participants have undergone
at least one of the acceptable reference standards. We plan to
exclude studies that analysed data only per-lesion, rather than per-
participant, unless participant data are made available by study
authors.

Participants

Participants will include adults of any age and sex with chronic
liver disease, irrespective of aetiology, severity of disease, and
duration of illness, with suspicion of having HCC on the basis of
prior tests, ultrasound, and alpha-fetoprotein. The review will focus
on diagnostic questions related to people with a first diagnosis of
HCC. People with previous diagnosis and treatment of HCC make
up a distinct group for which the diagnosis or natural history of HCC
has been modified. These people are not the focus of this review;
therefore, we will exclude studies that included such participants
unless they represent less than 5% of all the included participants,
or if investigators had presented data in such a way as to allow this
group of participants to be isolated from the remaining included
participants.

Index tests

We will include multiphasic contrast-enhanced CT for the detection
of HCC in people with advanced chronic liver disease. CT is
considered positive when a suspected liver lesion shows all the
following characteristics: nonrim-like arterial hyperenhancement,
subsequent nonperipheral washout appearance in later phases,
lesion size greater than 10 mm, enhancing capsule, and threshold
growth (LI-RADS 2018).

Target conditions

« Hepatocellular carcinoma of any size and at any stage.

consequently in radiological characteristics of the liver. The HCC  * RE.sect.able hepatocellular ~ carcinoma  (see  Secondary
prevalence in included studies can change according to selection objectives).

and epidemiology. The proportion of resectable HCC found in the

studies reflects different epidemiology and participant selection.
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Reference standards

We will accept 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
resected or biopsied focal liver lesion(s) with a follow-up period
of at least six months to exclude the presence of focal lesions not
detected by the index test.

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 that only people with advanced and
decompensated liver disease are candidates for orthotopic liver
transplantation. In the case of histology of resected focal lesion
and histology of biopsied liver lesions, the negative result can be
confirmed only with an adequate follow-up period. Differential
verification is therefore unavoidable in this context.

Search methods for identification of studies
Electronic searches

We will search the Cochrane Hepato-Biliary Group (CHBG)
Controlled Trials Register and the CHBG Diagnostic Test of Accuracy
Studies Register (both registers are maintained and searched
internally by the CHBG Information Specialist via the Cochrane
Register of Studies Web), the Cochrane Library, MEDLINE Ovid,
Embase Ovid, LILACS (Bireme), Science Citation Index - Expanded
(Web of Science), and Conference Proceedings Citation Index -
Science (Web of Science) (Royle 2003).

We will not apply any restrictions on language or document type.

Searching other resources

We will try to identify additional references by manually searching
articles retrieved from digital databases and relevant review
articles. We will seek information on unpublished studies by
contacting experts in the field. In addition, we will hand-search
abstract books from meetings of the AASLD, the EASL, and APASL
held over the past 10 years. We will also search 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 will follow available guidelines as provided in theCochrane
Handbook for Systematic Reviews of Diagnostic Test Accuracy (DTA
Handbook 2013).

Selection of studies

We will use Covidence to manage the selection of studies
(Covidence 2017). Two review authors (VG and TN) will
independently scrutinise titles and abstracts identified by
electronic literature searching to identify potentially eligible
studies. We will select any citation, identified by either of the two
review authors, as potentially eligible for full-text review. The same
review authors will independently assess full-text papers for study
eligibility, using predefined inclusion and exclusion criteria. We will
resolve any discrepancies by discussion. We will record all studies
after full-text assessment, and their reasons for exclusion, in the

'Characteristics of excluded studies' table and illustrate the study
selection process using a PRISMA diagram (Moher 2009).

Data extraction and management

Two review authors (VG and TN), working as a pair , will complete
a piloted data extraction form for each included study. Each
review author will independently extract study data. In cases of
disagreement, we will reach consensus through discussion.

We will extract the following data.

« General information: title, journal, year, publication type, and
study design (prospective versus retrospective), surveillance
programme or clinical cohorts.

« Sample size: number of participants meeting the criteria and
total number of participants included and tested.

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

« Index test with predefined positivity criteria.
« Reference standard tests.

« Numbers of true positive, true negative, false positive, and false
negative findings. We will extract these data for the two target
conditions (HCC of any size and stage and resectable HCC).

We will summarise the data from each study in 2 x 2 tables (true
positive, false positive, false negative, true negative), according to
the index test considered, and we will enter the data into Review
Manager 5 software.

Missing data

We will contact primary authors by email to ask for missing data
which are needed to design the 2 x 2 tables. If we receive no reply,
we will send a second email after two weeks. If no reply is received,
we will exclude the study in question.

Assessment of methodological quality

Two review authors (VG and TN) will independently assess 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 will
reach a consensus through discussion. We will address aspects of
study quality involving the participant spectrum, index tests, target
conditions, reference standards, and flow and timing. A number
of inadequate results should be reported and those should be
assessed according to intention-to-diagnose (Schuetz 2012) . If not
all participants are included in the analyses , we will consider the
study to be at high risk of bias. We will classify a study as having a
highrisk of bias if at least one of the domains of QUADAS-2 is judged
as being high risk .

Statistical analysis and data synthesis

We will carry out statistical analyses according to
recommendations provided in the Cochrane Handbook for
Systematic Reviews of Diagnostic Test Accuracy (DTA Handbook
2013). Firstly, we will perform a graphical descriptive analysis of
the included studies. We will report forest plots (sensitivity and
specificity separately, with their 95% confidence intervals (Cls)),
and we will provide a graphical representation of studies in the
receiver operating characteristic (ROC) space (sensitivity against 1
- specificity). Secondly, we will perform a meta-analysis using the
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bivariate model and will provide estimates of summary sensitivity
and specificity. We will use the pooled estimates obtained from
the fitted models to calculate summary estimates of positive and
negative likelihood ratios (LR+ and LR-, respectively).

In case of non-evaluable index test results, we plan to analyse data
according to the intention-to-diagnose principle (Schuetz 2012),
also described as worst-case scenario in Cohen 2015. Participants
with indeterminate index test results will be classified as false
positive if they had a negative reference standard or a false negative
for patients with a positive reference standard . If data for the
intention-to-diagnose analyses are not retrievable from the text,
we will contact publication authors with provided email addresses.
If we receive no reply, the study will be included in the analyses
with data retrievable from the published manuscript and we will
consider it as having a high risk of bias.

We will perform all statistical analyses using SAS statistical
software, release 9.4 (SAS Institute Inc., Cary, NC, USA) and macro
METADAS (DTA Handbook 2013).

Investigations of heterogeneity

The list of potential sources of heterogeneity we plan to explore
is reported in Secondary objectives. We will estimate effects by
adding covariates to the bivariate or to the HSROC models. We will
assess the statistical significance of the covariate effect by using the
log-likelihood ratio test for comparison of models with and without
the covariate term. We will consider P values of less than 0.05 as
two-sided and statistically significant.

Sensitivity analyses

We plan to assess effects of risk of bias of 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
have defined the following signalling questions as most relevant,
and plan to conduct a sensitivity analyses in which we exclude
studies with answers of 'no' or 'unclear".

« “Were the positivity criteria defined?"

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

We also plan to conduct a sensitivity analysis in which studies
published only in abstract or letter form are excluded.

Assessment of reporting bias

We do not plan to test for publication bias due to the lack of
validated methods for diagnostic test accuracy reviews.
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Database

Time span

Search strategy

The Cochrane Hepa-
to-Biliary Group Con-
trolled Trials Register

Date will be given at
review stage.

(computed tomograph* or CT or CECT or MDCT or MSCT or magnetic resonance
imaging or MRI or emission tomography or PET) AND (((liver or hepato*) and (car-
cinom* or cancer* or neoplasm* or malign* or tumo*)) or HCC) AND (advanc* and
chronic and (liver* or hepat®))

The Cochrane Hepa-
to-Biliary Group Di-
agnostic Test of Ac-
curacy Studies Regis-
ter

Date will be given at
review stage.

(computed tomograph* or CT or CECT or MDCT or MSCT or magnetic resonance
imaging or MRI or emission tomography or PET) AND (((liver or hepato*) and (car-
cinom* or cancer* or neoplasm* or malign* or tumo*)) or HCC) AND (advanc* and
chronic and (liver* or hepat*))

The Cochrane Library

Latest issue

#1 MeSH descriptor: [Tomography, Emission-Computed] explode all trees
#2 MeSH descriptor: [Tomography, X-Ray Computed] explode all trees
#3 MeSH descriptor: [Magnetic Resonance Imaging] explode all trees

#4 (computed tomograph* or CT or CECT or MDCT or MSCT or magnetic resonance
imaging or MRI or emission tomography or PET)

#5#1lor#2or#3 or#4
#6 MeSH descriptor: [Carcinoma, Hepatocellular] explode all trees
#7 MeSH descriptor: [Liver Neoplasms] explode all trees

#8 (((liver or hepato*) and (carcinom™ or cancer* or neoplasm* or malign* or tu-
mo*)) or HCC)

#9 #6 or #7 or #8

Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 12
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(Continued)
#10 (advanc* and chronic and (liver* or hepat*))
#11 #5 and #9 and #10
MEDLINE Ovid 1946 to the date of 1. exp Tomography, Emission-Computed/
search
2. exp Tomography, X-Ray Computed/
3. exp Magnetic Resonance Imaging/
4. (computed tomograph* or CT or CECT or MDCT or MSCT or magnetic resonance
imaging or MRI or emission tomography or PET).mp. [mp=title, abstract, original ti-
tle, name of substance word, subject heading word, floating sub-heading word, key-
word heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
5.1or2or3or4
6. exp Carcinoma, Hepatocellular/
7. exp Liver Neoplasms/
8. (((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, protocol supple-
mentary concept word, rare disease supplementary concept word, unique identifi-
er, synonyms]
9.6or7or8
10. (advanc* and chronic and (liver* or hepat*)).mp. [mp=title, abstract, original ti-
tle, name of substance word, subject heading word, floating sub-heading word, key-
word heading word, protocol supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
11.5and 9 and 10
Embase Ovid 1974 to the date of 1. exp computer assisted tomography/
search
2. exp positron emission tomography/
3. exp nuclear magnetic resonance imaging/
4. (computed tomograph* or CT or CECT or MDCT or MSCT or magnetic resonance
imaging or MRI or emission tomography or PET).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, de-
vice trade name, keyword, floating subheading word, candidate term word]
5.1lor2or3o0r4
6. exp liver cell carcinoma/
7. exp liver tumor/
8. (((liver or hepato*) and (carcinom™ or cancer* or neoplasm* or malign* or tumo*))
or HCC).mp. [mp-=title, abstract, heading word, drug trade name, original title, de-
vice manufacturer, drug manufacturer, device trade name, keyword, floating sub-
heading word, candidate term word]
9.6or70r8
10. (advanc* and chronic and (liver* or hepat*)).mp. [mp=title, abstract, heading
word, drug trade name, original title, device manufacturer, drug manufacturer, de-
vice trade name, keyword, floating subheading word, candidate term word]
Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 13
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(Continued)

11.5and 9and 10

LILACS (Bireme) 1982 to the date of (computed tomograph$ or CT or CECT or MDCT or MSCT or magnetic resonance
search imaging or MRI or emission tomography or PET) [Words] and (((liver or hepato$) and

(carcinom$ or cancer$ or neoplasmS$ or malign$ or tumo$)) or HCC) [Words] and
(advanc$ and chronic and (liver$ or hepat$)) [Words]

Science Citation In- 1900 to the date of #4 #3 AND #2 AND #1

dex Expanded search
#3 TS=(advanc* and chronic and (liver* or hepat*))
#2 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or tu-
mo*)) or HCC)
#1 TS=(computed tomograph* or CT or CECT or MDCT or MSCT or magnetic reso-
nance imaging or MRl or emission tomography or PET)

Conference Proceed- 1990 to the date of #4 #3 AND #2 AND #1

ings Citation Index-  search

Science

#3 TS=(advanc* and chronic and (liver* or hepat*))

#2 TS=(((liver or hepato*) and (carcinom* or cancer* or neoplasm* or malign* or tu-

mo*)) or HCC)

#1 TS=(computed tomograph* or CT or CECT or MDCT or MSCT or magnetic reso-

nance imaging or MRl or emission tomography or PET)

Appendix 2. QUADAS 2

Domain 1. Participant selection 2. Index test 3. Reference standard 4. Flow and timing
Sig- Q1: "Was a consecutive or Q1: "Were the index testre-  Q1:"Is the reference stan-  Q1: "Was there an appropri-
nalling random sample of partici- sults interpreted without dard likely to correctly ate interval between the index
questions  pants enrolled?" knowledge of the results of  classify the target condi- test and the reference stan-
and crite- the reference standard?" tion?" dard?"
ria Yes - If the study reports on
a consecutive or arandom Yes - if the study reports Yes - if the reference Yes - if the interval between
selection of participants. that the results of the in- standard correctly de- the index test and the refer-
dex test were interpreted fines the presence/ab- ence standard was less than
No - if the study reports on without the knowledge of  sence of HCC (patholo- 3 months.
another form of selection of  the results of the reference gy of explanted liverin a
participants. standard. transplant cohort). No - if the interval was longer
than 3 months.
Unclear - if the study does No - if the study reports No - if other reference
notreporton howthepar-  that results of the index tests than pathology Unclear - if the study does
ticipants were enrolled. test were interpreted with  of explanted liver were not report the interval be-
) . the results of the reference  used. tween the index test and the
Q.2: "Did the study avoid in- standard. reference standard.
appropriate exclusions?" Unclear - if the study
R Unclear - if the study does  does not report on the Q2:"Did all participants re-
Ygs ) |f.def|'n|t|ons of excl'u- not report information reference standard used. ~ ceive the same reference stan-
sion criteria are appropri- about blinding of the re- dard?
ate (i.e. previous surgeryor ¢ i ot iheindextestand ~ Q2: "Were the reference )
treatme'nt for hepatocellt{- reference standard. standard results inter- Yes - if the study has only one
lar carcinoma; patients with preted without the knowl-  reference standard for all the
cholangiocarcinoma) and Q2: "Were positivity criteria  edge of the results of the ~ Participants
all exclusions are reported.  clearly defined?" index test?" i
No - if the study has more
than one reference stan-
Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol) 14
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No - if exclusion criteriaare  Yes-if the study clearlyre-  Yes - if the study reports dard.(histology of resected
inappropriate and exclu- ports positivity criteria (i.e.  thatthe results of the ref-  focal liver lesion(s), or the
sions are not reported. the minimum diameter of  erence standard were histology of focal liver le-
a detectable lesion, exclu-  interpreted without the sion(s) with a follow-up pe-
Unclear - if the study does sion of benign criteria). knowledge of the results  riod of at least six months in
not report causes of exclu- of the index test. the participants with a nega-
sions. No - if the study does not tive result of the index test)
report the positivity crite- No - if the study reports
ria. that the results of the ref-  Unclear - if the study infor-
erence standard were mation regarding the use of
Unclear - if the study does  jnterpreted with the reference standard are un-
not report information knowledge of theresults  clear
about the definition of of the index test.
positivity criteria Q3: "Were all participants in-
Unclear - if the study cluded in the analysis and
does not reportinforma-  analysed according to inten-
tion about blinding of the  tion to diagnose principle
results of the reference (non-evaluable results consid-
standard and the index ered as false)?"
test.
Yes - if all enrolled partici-
pants were included in the
analysis and non-evalu-
able index test results were
analysed according to the in-
tention to diagnose princi-
ple).
No - if any participant was ex-
cluded from the analysis for
any reason or non-evaluable
index test results were not
analysed according to inten-
tion to diagnose principle.
Unclear - if the exclusion of
participants from the analy-
sisis unclear.
Risk of Could the selection of partic-  Could the conduct orinter-  Could the reference stan-  Could the participant flow
bias ipants have introduced bias?  pretation of the index test dard, its conduct, oritsin-  have introduced bias?
have introduced bias? terpretation have intro-
Low risk: "Yes" for all sig- duced bias? Low risk: "Yes" for all sig-
nalling questions. Low risk: "Yes" for all sig- nalling questions.
nalling questions. Low risk: "Yes" for all sig-
High risk: "No" for at least nalling questions. High risk: "No" for at least
one signalling question. High risk: "No" for at least one signalling question.
onessignalling question or ~ High risk: "No" for at
"Unclear" forthe Q 2. least one signalling ques-
tion or "Unclear" for the
Q2.
Concerns  Are there concerns that in- Are there concerns thatthe  Are there concerns that
aboutap- cluded participants and set-  index test, its conduct, or the target condition as
plicabili-  ting do not match the review interpretation differ from defined by the reference
ty question? the review question? standard does not match

Low concern: the partici-
pantsincluded in the re-
view represent the partici-
pants in whom the tests is
used in clinical practice (i.e.

Low concern: the index
test, its conduct orits in-
terpretation does not dif-
fer from the way it is used
in clinical practice.

the question?

High concern: the defin-
ition of the target condi-
tion as defined by the ref-
erence standard does not

Computed tomography for the diagnosis of hepatocellular carcinoma in chronic advanced liver disease (Protocol)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

15



Trusted evidence.
Informed decisions.
Better health.

Cpchrane
Library

O

(Continued)

surveillance programme in
patients with chronic ad-
vanced liver disease; clini-
cal cohort of patients with
chronic advanced liver dis-
ease).

High concern: the partici-
pantsincluded in the review
differ from the participants
in whom the tests is used in
clinical practice

(cohort of patients with ad-
vanced and decompensat-
ed liver disease, candidates
for orthotopic liver trans-
plantation).

High concern: the index
test, its conduct orits in-
terpretation differs from
the way it is used in clini-
cal practice.

Cochrane Database of Systematic Reviews

match the question (i.e.
pathology of the explant-
ed liver is feasible only

in the case of liver trans-
plant; the natural history
and prognosis of HCC de-
tected in explanted liver
might be different).

Low concern: the defin-
ition of the target con-
dition as defined by the
reference standard does
match the question for
allincluded patients.
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