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Abstract: Objective: To identify pretreatment laboratory parameters associated with treatment re-
sponse and to describe the relationship between treatment response and liver decompensation
in patients with primary biliary cholangitis treated with ursodeoxycholic acid. Methods: We de-
fined treatment response as both ALP ≤ 1.67 × ULN and total bilirubin ≤ 2 × ULN. Multiple
logistic regression analyses were performed to adjust for confounding effects of sociodemographic
variables. Results: Pretreatment total bilirubin ((TB); OR = 0.3388, 95%CI = 0.1671–0.6077), ALT
(OR = 0.5306, 95%CI = 0.3830–0.7080), AST (OR = 0.4065, 95%CI = 0.2690–0.5834), ALP (OR = 0.3440,
95%CI = 0.2356–0.4723), total cholesterol ((TC); OR = 0.7730, 95%CI = 0.6242–0.9271), APRI (OR = 0.3375,
95%CI = 0.1833–0.5774), as well as pretreatment albumin (OR = 1.1612, 95%CI = 1.0706–1.2688)
and ALT/ALP (OR = 2.4596, 95%CI = 1.2095–5.5472) were associated with treatment response after
six months of treatment. Pretreatment TB (OR = 0.2777, 95%CI = 0.1288–0.5228), ALT
(OR = 0.5968, 95%CI = 0.4354–0.7963), AST (OR = 0.4161, 95%CI = 0.2736–0.6076), ALP (OR = 0.4676,
95%CI = 0.3487–0.6048), APRI (OR = 0.2838, 95%CI = 0.1433–0.5141), as well as pretreatment albumin
(OR = 1.2359, 95%CI = 1.1257–1.3714) and platelet count (OR = 1.0056, 95%CI = 1.0011–1.0103) were
associated with treatment response after 12 months of treatment. Treatment response after 6 months
of UDCA therapy is significantly associated with treatment response after 12 months of UDCA
therapy (OR = 25.2976, 95% CI = 10.5881–68.4917). Treatment responses after 6 and 12 months of
UDCA therapy decrease the risk of an episode of liver decompensation in PBC patients (OR = 12.1156,
95%CI = 3.7192–54.4826 and OR = 21.6000, 95%CI = 6.6319–97.3840, respectively). Conclusions: There
are several pretreatment laboratory parameters associated with treatment response in patients with
primary biliary cholangitis. Treatment response after six months is significantly associated with
treatment response after 12 months of ursodeoxycholic acid (UDCA) therapy. Treatment responses
after 6 and 12 months of UDCA decrease the risk of an episode of liver decompensation.
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1. Introduction

Primary biliary cholangitis (PBC) is a chronic autoimmune cholestatic liver disease
leading to the destruction of biliary epithelial cells, subsequent cholestasis, and progressive
biliary fibrosis. PBC may culminate in liver cirrhosis and subsequent development of
hepatocellular carcinoma. Both liver decompensation and hepatocellular carcinoma may
result in liver-related death [1].

PBC prevalence varies depending on region and ranges from 1.9 to 40.2 per
100,000 inhabitants, while the incidence ranges from 0.3 to 5.8 per 100,000 inhabitants [2].
In Slovakia, the 2019 point-prevalence was 14.9 cases per 100,000 inhabitants, while the
annual incidence during recent years ranged from 0.7 to 1.5 per 100,000 inhabitants [3]. In
Croatia, the point prevalence ranged from 11.5 to 12.5 per 100,000 inhabitants (depending
on region), and the average incidence was 0.79 to 0.89 per 100,000 inhabitants [4]. Interest-
ingly, with earlier diagnosis and decreasing mortality due to more effective treatment, PBC
prevalence increased during the last couple of years [5]. PBC is female-predominant and
male patients account only for 3%–24% of all patients [2].

Antimitochondrial antibodies M2 (AMA M2) are present in 95% of patients, and antin-
uclear antibodies (anti-gp210/anti-sp100) are present frequently as well [6].
An increased level of alkaline phosphatase (ALP) is another typical laboratory finding.
For PBC diagnosis, patients have to meet at least two out of the three following criteria:
(1) increased ALP, (2a) the presence of AMA at a titer >1:40 or (2b) the presence of anti-
sp100/antigp210, and (3) histological signs [1].

Fatigue and pruritus are the most common symptoms, however, approximately
one-fourth of patients is completely asymptomatic. PBC is frequently associated with
other autoimmune liver disorders (autoimmune hepatitis and primary sclerosing cholangi-
tis) and with extrahepatic autoimmune diseases (autoimmune thyroiditis, coeliac disease,
or Sjogren syndrome) [3].

Ursodeoxycholic acid (UDCA) is the first-line pharmacotherapy in all patients with
PBC (13–15 mg/kg/day) [1]. The first-line treatment is well tolerated, and approxi-
mately 70% of patients respond to it. Obeticholic acid (OCA) or fibrates can be offered to
non-responders, however, fibrates are currently off-label [7,8]. This study aims to iden-
tify baseline factors associated with the treatment response to UDCA after both 6 and
12 months of therapy using a cohort of Slovak and Croatian patients with PBC.

2. Materials and Methods
2.1. Study Design

We conducted a multicenter retrospective study of PBC patients to describe pre-
treatment differences between responders and non-responders to UDCA. Furthermore,
we aimed to identify factors related to treatment response and evaluate the relationship
between treatment response and liver decompensation.

Patients included in the study were treated for PBC in 11 different hepatology cen-
ters in Slovakia and Croatia during the period from 30 June 1999, through 30 June 2019.
The exclusion criteria were: (a) insufficient data for the verification of PBC diagnosis,
(b) concomitant liver disease, (c) liver transplantation after less than 12 months of UDCA
treatment, (d) immunosuppressive treatment or OCA, and (e) follow up less than
six months.

Local investigators completed case report forms (CRF) with the on-call assistance
from the study coordinators and collected detailed pretreatment demographic and clinical
information as follows: age, sex, biochemical, hematological, and immunological profile,
histological assessment where available, and the initial UDCA dosage. Additionally, CRF
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included data necessary for evaluating the treatment response after 6 and after 12 months of
UDCA therapy, APRI after 12 months of UDCA therapy, duration of the follow-up, history
of liver decompensation, liver transplantation, and liver-related mortality. To account for
interlaboratory variability, total bilirubin (TB), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), and alkalic phosphatase (ALP) were all transformed into multiple
of their respective upper limit of normal (ULN).

All completed CRFs were centrally evaluated for the confirmation of PBC diagnosis.
The European Association for the Study of the Liver (EASL) recommends that two out
of three following criteria need to be met: (1) elevated ALP, (2a) presence of AMA at
a titer >1:40 or (2b) anti-sp100/antigp210, and (3) histological signs after liver biopsy.

We defined the treatment response as ALP ≤ 1.67 × ULN and total
bilirubin ≤ 2 × ULN and evaluated patients for its achievement after 6 and 12 months
of UDCA therapy. Furthermore, we specified liver decompensation as history of either
ascites, variceal bleeding, and hepatic encephalopathy.

The study protocol is in accordance with the 1964 Helsinki declaration, its later
amendments, and the principles of good clinical practice. The study protocol was approved
by the Ethical committee of Poprad Hospital, a.s. on 5 May 2019. The committee waived
the need for the specific patients’ informed consent due to the retrospective nature of the
data collection.

2.2. Statistical Analysis

We checked the normality of the distribution of continuous variables using Shapiro-
Wilk tests. Continuous variables are described by medians and interquartile ranges (IQR)
because most of them were not normally distributed. Categorical variables are described as
absolute counts and percentages. We excluded variables with a large proportion of missing
data (>16%) from further statistical analyses. A non-parametric “k-nearest neighbors”
(kNN) algorithm was used to perform data imputation because the rest of the missing values
were “missing at random”. kNN is a machine learning method that is useful for matching
a point with its k closest neighbors in a multi-dimensional space. The kNN algorithm can
be used for imputing missing data by finding the k closest neighbors to the observation
with missing data and then imputing them based on the means of the non-missing values
in the neighbors. We set the value of the k to be 20. Mann-Whitney U tests were used
to compare differences in continuous variables. χ2 and McNemar‘s tests were used to
compare differences in categorical variables (latter in the case of paired data). We performed
multiple logistic regression analyses to search for variables associated with the treatment
response after age and sex adjustment and to describe the relationship between treatment
response achievement and liver decompensation. We checked influential observations for
their validity. The results of regression analyses are presented as odds ratios (OR) with
95% confidence intervals (95%CI) and p-values. All tests were two-sided and performed at
a 0.05 significance level. Data were analyzed using RStudio (version 1.2.1335).

3. Results

Initially, we excluded 192 patients due to meeting exclusion criteria and subsequently
included 249 patients in the final statistical analysis (Figure 1). Furthermore, we excluded
the following variables from the analysis due to a large proportion of missing data: C-
reactive protein (CRP), direct bilirubin, ferritin, gamma-glutamyltransferase (GGT), high-
density lipoprotein cholesterol (HDL-C), immunoglobulin M (IgM), low-density lipoprotein
cholesterol (LDL-C), prothrombin time (PT), the ratio of absolute counts of neutrophils and
lymphocytes (Neu/Ly), and triglycerides (TG).
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Figure 1. Flowchart of patients’ inclusion.

We analyzed data of 234 female and 15 male patients (94% and 6%, respectively) with
the median pretreatment age of 56.00 years (IQR 13). In total, 15 female patients (6.4%)
were 40 years old or younger. A total of 79 patients (31.7%) had significant pretreatment
liver fibrosis as defined by APRI > 0.7 [9]. The median UDCA dosage was 1000 mg per day
(IQR 500). We evaluated 207 patients (83.1%) after six months and 216 patients (86.8%) after
12 months of therapy for the treatment response to UDCA. In total, 190 patients (76.3%)
were evaluated for the treatment response to UDCA after both 6 and 12 months of therapy.
The median duration of the follow-up was five years (IQR 6). A total of 20 patients (8%)
experienced an episode of liver decompensation during the follow-up, five of these patients
(25%) underwent liver transplantation, and 10 patients died (50%) (Table 1).

Table 1. Patients’ characteristics.

Patients Included n (%) 249 (100%)

Patients evaluated for the
treatment response to UDCA

after 6 months
after 12 months

after both 6 and 12 months
n (%)

207 (83.1%)
216 (86.8%)
190 (76.3%)

Gender
Men

women
n (%)

15 (6%)
234 (94%)

Women ≤ 40 years n (%) 15 (6.4% of female patients, 62% of all patients)

Age Years median (IQR) 56.00 (13)

Significant liver fibrosis
(APRI > 0.7)

n (%) 79 (31.7%)

Follow up Years median (IQR) 5 (6)

Liver cirrhosis decompensations

n (%)

20 (8%)

- Liver transplantations
- Liver-related deaths

- 5 (25% of decompensated patients)
- 10 (50% of decompensated patients)

UDCA dosage mg per day median (IQR) 1000 (500)

mg = milligrams, n = number, SD = standard deviation, UDCA = ursodeoxycholic acid.

We identified several significant pretreatment differences between responders and
non-responders after six months of UDCA therapy (Table 2). Responders had significantly
lower pretreatment levels of total bilirubin (p = 0.03), ALT (p = 0.0001), AST (p = 0.00002),
ALP (p < 0.00001), TC (p = 0.03), and APRI (p = 0.00003) and they also had significantly
higher pretreatment levels of albumin (p = 0.005) and ALT/ALP (p = 0.00004).
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Table 2. Pretreatment differences in clinical and demographic characteristics between responders
and non-responders (response evaluated after 6 months of UDCA treatment).

207 Patients
Non-Responders

66 (31.9%)
Responders
141 (68.1%) P

Age at diagnosis years median (IQR) 56.00 (14.75) 54.00 (14.00) 0.77

Gender Female patients
male patients number (%) 63 (30.4)

3 (1.5)
130 (62.8)
11 (5.3) 0.57

Total bilirubin ×ULN median (IQR) 0.59 (0.89) 0.52 (0.21) 0.03
Albumin g/L median (IQR) 42.00 (5.32) 43.00 (3.16) 0.005
Platelets ×109/L median (IQR) 231.50 (108.50) 245.00 (97.00) 0.13
Glycemia mmol/l median (IQR) 5.41 (1.05) 5.39 (0.94) 0.20

ALT ×ULN median (IQR) 1.91 (1.94) 1.20 (0.82) 0.0001
AST ×ULN median (IQR) 1.68 (1.91) 1.10 (0.63) 0.00002
ALP ×ULN median (IQR) 2.84 (3.10) 1.43 (0.75) <0.00001

AST/ALT median (IQR) 0.99 (0.43) 0.96 (0.42) 0.810
ALT/ALP median (IQR) 0.46 (0.46) 0.72 (0.52) 0.00004

TC mmol/L median (IQR) 6.18 (2.20) 5.96 (1.37) 0.03
APRI median (IQR) 0.74 (0.82) 0.43 (0.33) 0.00003

ALP = alkaline phosphatase, ALT = alanine aminotransferase, APRI = AST(ULN)/platelets(×109), AST = aspartate
aminotransferase, g/l = grams per liter, IQR = interquartile range, mmol/l = millimoles per liter, SD = standard
deviation, TC = total cholesterol, UDCA = ursodeoxycholic acid, ULN = upper limit of normal. Bold highlights
statistically significant findings.

Furthermore, we did multiple logistic regression analyses to identify pretreatment fac-
tors associated with the treatment response after six months of UDCA therapy
(Table 3). Lower pretreatment total bilirubin (OR 0.3388, 95%CI 0.1671–0.6077), ALT
(OR 0.5306, 95%CI 0.3830–0.7080), AST (OR 0.4065, 95%CI 0.2690–0.5834), ALP (OR
0.3440, 95%CI 0.2356–0.4723), TC (OR 0.7730, 95%CI 0.6242–0.9271), APRI (OR 0.3375,
95%CI 0.1833–0.5774), as well as higher pretreatment albumin (OR 1.1612, 95%CI 1.0706–1.2688)
and ALT/ALP (OR 2.4596, 95%CI 1.2095–5.5472) were after age and sex adjustment associ-
ated with higher probability of treatment response after 6 months of UDCA therapy.

Table 3. Age and sex adjusted associations of pretreatment clinical characteristics of PBC patients
with the treatment response after 6 months of UDCA therapy (multiple logistic regression model).

OR 95% CI p Value

Total bilirubin (×ULN) 0.3388 0.1671–0.6077 0.001
Albumin (g/L) 1.1612 1.0706–1.2688 0.0005

Platelets (×109/L) 1.0036 0.9993–1.0080 0.10
Glycemia (mmol/L) 0.8717 0.7298–1.0187 0.10

ALT (×ULN) 0.5306 0.3830–0.7080 0.00005
AST (×ULN) 0.4065 0.2690–0.5834 <0.00001
ALP (×ULN) 0.3440 0.2356–0.4723 <0.00001

AST/ALT 0.8810 0.3916–2.0264 0.76
ALT/ALP 2.4596 1.2095–5.5472 0.02

TC (mmol/L) 0.7730 0.6242–0.9271 0.01
APRI 0.3375 0.1833–0.5774 0.0002

ALP = alkaline phosphatase, ALT = alanine aminotransferase, APRI = AST(ULN)/platelets(×109), AST = aspartate
aminotransferase, g/L = grams per liter, mmol/L = millimoles per liter, OR = odds ratio, TC = total cholesterol,
UDCA = ursodeoxycholic acid, ULN = upper limit of normal, 95%CI = 95% confidence interval. Bold highlights
statistically significant findings.

We also identified several significant pretreatment differences between responders and
non-responders after 12 months of UDCA therapy (Table 4). Responders had significantly
lower pretreatment levels of ALT (p = 0.001), AST (p = 0.0001), ALP (p < 0.00001), and
APRI (p = 0.0001), and they also had significantly higher pretreatment levels of albumin
(p = 0.001) and ALT/ALP (p = 0.0007).
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Table 4. Pretreatment differences in clinical and demographic characteristics between responders
and non-responders (response evaluated after 12 months of UDCA treatment).

216 Patients
Non-Responders

50 (23.2%)
Responders
166 (76.9%) p Value

Age at diagnosis years median (IQR) 55.50 (11) 56.00 (12) 0.30

Gender female patients
male patients number (%) 49 (22.7)

1 (0.5)
153 (70.8)

13 (6) 0.25

Total bilirubin ×ULN median (IQR) 0.65 (0.91) 0.52 (0.23) 0.07
Albumin g/L median (IQR) 41.99 (6.35) 43.00 (3.04) 0.001
Platelets ×109/L median (IQR) 236.00 (124.25) 245.00 (93.50) 0.06
Glycemia mmol/L median (IQR) 5.24 (0.78) 5.40 (1.10) 0.80

ALT ×ULN median (IQR) 1.72 (1.60) 1.17 (0.90) 0.001
AST ×ULN median (IQR) 1.72 (1.69) 1.06 (0.63) 0.0001
ALP ×ULN median (IQR) 2.93 (2.73) 1.51 (1.01) <0.00001

AST/ALT median (IQR) 0.97 (0.55) 0.96 (0.40) 0.58
ALT/ALP median (IQR) 0.49 (0.37) 0.70 (0.49) 0.0007

TC mmol/L median (IQR) 6.07 (2.08) 5.98 (1.29) 0.56
APRI median (IQR) 0.72 (0.97) 0.45 (0.36) 0.0001

ALP = alkaline phosphatase, ALT = alanine aminotransferase, APRI = AST(ULN)/platelets(×109), AST = aspartate
aminotransferase, g/L = grams per liter, mmol/L = millimoles per liter, OR = odds ratio, TC = total cholesterol,
UDCA = ursodeoxycholic acid, ULN = upper limit of normal, 95%CI = 95% confidence interval. Bold highlights
statistically significant findings.

Additionally, we did multiple logistic regression analyses to identify factors asso-
ciated with the treatment response after 12 months of UDCA therapy (Table 5). Lower
pretreatment total bilirubin (OR 0.2777, 95%CI 0.1288–0.5228), ALT (OR 0.5968, 95%CI
0.4354–0.7963), AST (OR 0.4161, 95%CI 0.2736–0.6076), ALP (OR 0.4676, 95%CI 0.3487–
0.6048), APRI (OR 0.2838, 95%CI 0.1433–0.5141), as well as higher pretreatment albumin
(OR 1.2359, 95%CI 1.1257–1.3714) and platelets (OR 1.0056, 95%CI 1.0011–1.0103) were
after age and sex adjustment associated with higher probability of treatment response after
12 months of UDCA therapy.

Table 5. Age and sex adjusted associations of pretreatment clinical characteristics of PBC patients
with the treatment response after 12 months of UDCA therapy (multiple logistic regression model).

OR 95% CI p Value

Total bilirubin (×ULN) 0.2777 0.1288–0.5228 0.0004
Albumin (g/L) 1.2359 1.1257–1.3714 0.00002

Platelets (×109/L) 1.0056 1.0011–1.0103 0.02
Glycemia (mmol/L) 0.9494 0.7970–1.1575 0.57

ALT (×ULN) 0.5968 0.4354–0.7963 0.0007
AST (×ULN) 0.4161 0.2736–0.6076 0.00002
ALP (×ULN) 0.4676 0.3487–0.6048 <0.00001

AST/ALT 0.6137 0.2544–1.5115 0.28
ALT/ALP 2.1896 1.0093–5.4160 0.07

TC (mmol/L) 0.9604 0.7707–1.2082 0.72
APRI 0.2838 0.1433–0.5141 0.0001

ALP = alkaline phosphatase, ALT = alanine aminotransferase, APRI = AST(ULN)/platelets(×109), AST = aspartate
aminotransferase, g/L = grams per liter, mmol/L = millimoles per liter, OR = odds ratio, TC = total cholesterol,
UDCA = ursodeoxycholic acid, ULN = upper limit of normal, 95%CI = 95% confidence interval. Bold highlights
statistically significant findings.

Among 190 patients, who were evaluated for treatment response after both 6 and
12 months, there were 132 responders after 6 months (69.5%) and 149 responders after
12 months of UDCA therapy (78.4%, McNemar’s test p = 0.004). Seven patients lost initial
response (3.7%) and, on the other hand, 24 patients (12.6%) achieved response only after
12 months of UDCA therapy (late responders). There was significant difference in baseline
ALP between early and late responders (p < 0.00001). Furthermore, there was no difference
in ∆APRI (APRIPRE-TREATMENT-APRI12 MONTHS, p = 0.53) between “12-month responders”
and “12-month non-responders”. Treatment response after 6 months of UDCA therapy
was significantly associated with treatment response after 12 months of UDCA therapy
(OR = 25.2976, 95% CI 10.5881–68.4917, p < 0.00001).
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We confirmed that both treatment responses after 6 and 12 months of UDCA therapy
decrease the risk of an episode of liver decompensation in PBC patients (OR 12.1156, 95%CI
3.7192–54.4826 and OR 21.6000, 95%CI 6.6319–97.3840, respectively; Table 6).

Table 6. Association of response to UDCA treatment in PBC patients and the history of liver
decompensation (simple logistic regression).

Treatment Response OR 95% CI p Value

after 6 months of UDCA therapy 12.1156 3.7192–54.4826 0.0002
after 12 months of UDCA therapy 21.6000 6.6319–97.3840 <0.00001

OR = odds ratio, UDCA = ursodeoxycholic acid, 95%CI = 95% confidence interval.

Finally, there was significant difference in both transplant-free and the overall survival
distribution between responders and non-responders after 12 months of UDCA therapy
(p value of the log-rank tests <0.00001 and =0.0008, respectively).

4. Discussion

UDCA is the first-line pharmacotherapy in patients with PBC. The first-line treatment
aims to stop the progression of the disease, to prevent both liver decompensation and
development of hepatocellular carcinoma, and to improve health-related quality of life.
Several different treatment response definitions have been proposed so far, and none of
them is currently considered to be the gold standard [10–16]. We used modified Toronto
criterion defining the response as ALP ≤ 1.67 × ULN and TB ≤ 2 × ULN—because the
Toronto criterion is currently used for indicating the second-line treatment—and evalu-
ated patients’ response after 6 and 12 months of UDCA treatment [12,14]. Patients with
Paris-I response (ALP < 3 × ULN, AST < 2 × ULN a TB ≤ 1 mg/dL) have significantly
higher 10-year transplantation-free survival [11]. Patients with the Barcelona response
(ALP decrease > 40% of baseline values or normal levels after one year of treatment with
UDCA) have similar survival to that of patients without PBC. By contrast, PBC patients
not responding in such way, have shorter transplantation-free survival [15]. Histological
features remained stable in most of the patients who achieved Barcelona response, and it
surprisingly improved in some of them. On the other hand, and particularly interesting,
histological progression was observed in some patients despite responding to the treat-
ment. No histological improvement was observed among non-responders, on the contrary,
histological progression dominated in this group of patients [14].

Several different factors may affect patients’ response to UDCA treatment: genetics
and epigenetics, gender, age at treatment initiation, AMA status, disease course (symp-
tomatic or asymptomatic), inflammation markers, stage of liver fibrosis, cholestasis, and
synthetic function of the liver. We did not seek to investigate the genetics and epigenetics
of PBC in this study. The response rate to UDCA is generally lower in the male population
of PBC patients. Furthermore, the response rate among patients older than 70 years is
about 90%, compared to roughly 50% in patients younger than 30 years [17]. We did not
observe a significant difference in response rates between male and female patients nor
between patients younger and older than 40 years. That could be due to small number
of male patients and patients younger than 40 years (both groups accounted only for 6%
of all patients), which could have affected statistical analyses. Furthermore, we need to
highlight that in Central and Eastern Europe, male patients account for a smaller propor-
tion of patients when compared to reports from either Scandinavia or North America [2].
The response rate in AMA positive patients is similar to that in AMA negative patients,
however, AMA negative patients have worse health-related quality of life [2,6,18]. We have
identified 33 AMA negative patients only (13.25%), and, thus, we did not compare response
rates between these two groups. During UDCA treatment, symptomatic patients have
increased levels of both aminotransferases and alkaline phosphatase, decreased response
rate, and increased occurrence of liver cirrhosis, and its complications when compared to
asymptomatic patients. For that reason, patients must be diagnosed before they develop
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symptoms [19]. Furthermore, treatment delay is also associated with decreased response
rates to UDCA treatment [20].

After age and sex adjustment, increased baseline levels of AST and ALT were associ-
ated with lower probabilities of response after 6 and 12 months of UDCA treatment. In
general, aminotransferase levels correlate not only with degree of chronic inflammation
but also with degree of liver fibrosis. In PBC, however, these correlations have not been
confirmed thus far. There are other factors, which may be of importance in predicting the
treatment response. A high neutrophils–to-lymphocytes ratio is an independent predictor
of reduced transplant-free survival [21]. PBC is a chronic cholestatic liver disease, and,
therefore, it is understandable that in this and all other similar reports, patients with higher
levels of ALP had worse response to UDCA treatment after both 6 and 12 months [11,20].
Low ALT/ALP was associated with good response after age and sex adjustment after
six months of UDCA therapy.

Histological features and particularly degree of liver fibrosis correlate with the re-
sponse to UDCA treatment [22]. In patients with PBC, liver fibrosis can be assessed using
different approaches like histology, elastography, or using biochemical and hematological
surrogates as well [11,23,24]. Strong correlations were observed between histological as-
sessment and elastography approach, specifically in higher degrees of liver fibrosis [23].
The severity of liver fibrosis—assessed by either histological examination or using lab-
oratory surrogates—predicts treatment response to UDCA [11,24]. In our study, APRI
predicted treatment response after age and sex adjustment, on the other hand, AST/ALT
ratio did not. That is only partially consistent with another multicentric study where both
APRI and AST to ALT ratio predicted response to UDCA treatment [24]. Both transient
and magnetic elastography predict liver decompensation in patients on UDCA treat-
ment [25]. Furthermore, both interface hepatitis and ductopenia decrease the chances for
treatment response [11].

In addition to that, markers of synthetic and detoxification functions of the liver may
help predict response to UDCA treatment as well. We confirmed that, after age and sex
adjustment, both higher albumin and lower total bilirubin are associated with the response
after 6 and 12 months of UDCA treatment. Furthermore, in multiple analyses, lower levels
of total cholesterol were associated with the response after six months of UDCA treatment
only. Similar results were reported for both total bilirubin and albumin and albumin only
by French and Israeli study, respectively [11,26]. Lower levels of Vitamin D could serve as
another predictor for treatment response for patients on UDCA [27].

There are few more complex possibilities for evaluating treatment efficacy. Currently,
there are two kinds of these more complex models. The first depends on the pretreat-
ment data only. In a multicentric study, Carbone et al. developed a model using age and
values of aminotransferase, ALP, total bilirubin at diagnosis, treatment time lag (from
diagnosis to treatment), and the corresponding ∆ALP. The authors report AUROC of
0.87 (95% CI 0.86–0.89) and 0.83 (95% CI 0.79–0.87) on internal and external validation,
respectively. GLOBE score and UK-PBC risk score both evaluate biochemical and hema-
tological values after one year of treatment in addition to data from the baseline. The
advantage and the disadvantage of these kind of models is that they work with data after
one year of treatment. They consider the effect of the treatment itself; thus, they may not
be used earlier than after one year of treatment [28,29].

Furthermore, we observed that treatment failure after six months of UDCA therapy
is associated with 12 times higher chances of liver decompensation (ascites, hepatic en-
cephalopathy, or variceal bleeding) and that treatment failure after 12 months of UDCA
therapy is associated with 22 times higher chances of liver decompensation. This finding
corresponds with other reports [12].

The vast majority of PBC patients achieve treatment response after six months of
UDCA therapy, and virtually all these responders retain response even after 12 months of
treatment. Only a small part of PBC patients are “late responders” who do not respond
until after 12 months of UDCA therapy. That may be important in the management of PBC
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patients on UDCA. Further analyses of higher number of six-months PBC non-responders is
required for more precise identification of patients, who are at risk of failing to respond even
after 12 months of UDCA therapy because specially they are at higher risk for histological
progression [14]. Thus, to prevent that from happening, it would be reasonable to add
the second-line treatment as soon as after six months of monotherapy (addition of either
fibrates or OCA). However, ultimately the best way to treat PBC patients would be to
discriminate them at the time of diagnosis using pretreatment characteristics only and
treating potential non-responders using UDCA + OCA/bezafibrate from the beginning.

On the whole, this is the first report from countries of Central and Eastern Europe
evaluating response to UDCA treatment. We recognize few limitations to this report. First,
the retrospective nature of the study, and second, we used a relatively small cohort of
patients despite the multicentric design. Furthermore, we did not evaluate histological
features in the vast majority of patients, and we dealt with small numbers of both male and
young patients, although, this was due to a low proportion of both male and young patients
in general. On the other hand, the advantage of our study is that we evaluated response
after both 6 and 12 months of UDCA treatment. Non-responders have a significantly
increased risk for liver decompensation and, thus, either OCA or fibrates should be added
to UDCA monotherapy as soon as possible.

5. Conclusions

We confirmed that in PBC patients, biochemical features (aminotransferases, ALP,
total bilirubin, albumin, and ALT/ALP) predict response after 6 and 12 months of UDCA
treatment. The vast majority of responders after six months retain response after 12 months
of treatment.

Author Contributions: Conceptualization, S.D.; P.J.; Data curation, J.G., S.D.; I.G., T.F.K., T.K., B.B.,
T.B., M.M., Z.R., I.M., A.M. and B.K.; Formal analysis, J.G.; Methodology, J.G.; Supervision, S.D., M.J.
and P.J.; Writing—original draft, J.G., S.D., M.J. and P.J.; Writing—review and editing, S.D. and P.J.
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study protocol is in accordance with the 1964 Helsinki
declaration, its later amendments, and the principles of good clinical practice. The study protocol
was approved by the Ethical committee of Poprad Hospital, a.s. on 5 May 2019.

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
data collection.

Data Availability Statement: The data used to support the findings of this study are available from
the corresponding author upon request.

Conflicts of Interest: S.D. received honoraria from AOP Orphan, Ewopharma and PRO.MED.CS.;
S.D. has been involved as a consultant in AOP Orphan. M.J. received honoraria from PRO.MED.CS.
T.K. has been involved as a consultant in AOP Orphan. P.J. received honoraria from AOP Orphan,
Ewopharma and PRO.MED.CS.; P.J. has been involved as a consultant in AOP Orphan. Others
authors declare no conflicts of interest.

References
1. Hirschfield, G.M.; Beuers, U.; Corpechot, C.; Invernizzi, P.; Jones, D.; Marzioni, M.; Schramm, C. EASL Clinical Practice Guidelines:

The diagnosis and management of patients with primary biliary cholangitis. J. Hepatol. 2017, 67, 145–172. [CrossRef]
2. Boonstra, K.; Beuers, U.; Ponsioen, C.Y. Epidemiology of primary sclerosing cholangitis and primary biliary cirrhosis: A systematic

review. J. Hepatol. 2012, 56, 1181–1188. [CrossRef] [PubMed]
3. Drazilova, S.; Babinska, I.; Gazda, J.; Halanova, M.; Janicko, M.; Kucinsky, B.; Safcak, D.; Martinkova, D.; Tarbajova, L.; Cekanova,

A.; et al. Epidemiology and clinical course of primary biliary cholangitis in Eastern Slovakia. Int. J. Public Health 2020, 65, 683–691.
[CrossRef] [PubMed]
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