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INTRODUCTION

Primary biliary cholangitis (PBC) is a chronic inflam-
matory autoimmune cholestatic liver disease that can result
in end-stage liver disease with associated complications

Background/Aims: The ursodeoxycholic acid (UDCA) response score (URS) was developed to
identify poor responders to UDCA before treatment, in order to offer timely and proactive inter-
vention. However, validation of the URS in Asian population is warranted.

Methods: A total of 173 Asian patients diagnosed with primary biliary cholangitis (PBC) between
2007 and 2016 at seven academic institutions in Korea who started UDCA treatment were ana-
lyzed to validate the performance of URS. UDCA response was defined as an alkaline phos-
phatase level less than 1.67 times the upper limit of normal after 1-year of UDCA treatment. In
addition, prognostic performance of URS for liver-related events, defined as newly developed
hepatic decompensation or hepatocellular carcinoma was evaluated.

Results: After 1 year of UDCA treatment, 133 patients (76.9%) achieved UDCA response. UDCA
response rate was 98.7% for those with URS 21.41 (n=76) and 58.8% for those with URS <1.41
(n=97). The area under the receiver operating characteristic curve of URS in predicting UDCA
response was 0.84 (95% confidence interval, 0.78 to 0.88). During a median follow-up of 6.5
years, liver-related events developed in 18 patients (10.4%). Among 117 patients with PBC stage
I-l1l by histological evaluation, the 5-year liver-related event-free survival rate differed according
to the URS; 100% for URS 21.41 and 86.5% for URS <1.41 (p=0.005).

Conclusions: URS demonstrated good performance in predicting a UDCA treatment response
in Asian PBC patients. In addition, the risk of liver-related events differed according to the URS for
the PBC stage. Thus, URS can be used to predict the response and clinical outcome in patients
with PBC. (Gut Liver 2023;17:620-628)

Key Words: Primary biliary cholangitis; Ursodeoxycholic acid; Ursodeoxycholic acid response
score; Prognosis

and increase the risk of developing hepatocellular carcino-
ma (HCC)." PBC should be suspected if a patient shows
persistent alkaline phosphatase (ALP) elevation. It can be
diagnosed based on biochemical evidence of cholestasis,
positive immunological markers and/or histological evi-
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dence."” Although liver biopsy is not mandatory for the
diagnosis of PBC,” histological features of PBC can stratify
the risk of liver transplantation and liver-related mortality
in PBC patients since advanced stages are associated with
poor prognosis.®”’

Ursodeoxycholic acid (UDCA) is the first-line treat-
ment of PBC. Several studies have shown that UDCA can
delay histologic progression and improve transplantation-
free survival.”" Current guidelines recommend that all pa-
tients should begin treatment with UDCA, and those with
an inadequate biochemical response after 1 year should be
considered for second-line therapies."” Multiple biochemi-
cal response criteria of UDCA treatment have been report-
ed. GLOBE and UK-PBC scores were developed to predict
the risk of liver transplantation or liver-related mortality of
PBC.'"" However, these scores use laboratory parameters
after 1 year of UDCA treatment.

At present, there are no reliable means to identify pa-
tients before treatment who are unlikely to respond to
UDCA and determine who might benefit from an early
introduction of second-line therapy. UDCA response score
(URS) is a recently developed scoring system that uses
only pretreatment parameters to predict UDCA treatment
response without waiting for 1 year to see a biochemical re-
sponse.* URS was developed and validated in Caucasians."
However, there has been limited information on Asian pa-
tients. Therefore, we conducted a multicenter cohort study
to validate URS for predicting UDCA response and evalu-
ated whether URS could predict prognosis as well.

Patients who newly diagnosed with PBC
(ICD code K 74.39) at 7 academic institutions
and presence of at least 2 of the diagnostic
criteria of PBC between
2007.01.01 and 2016.12.31 (n=234)

Screening

MATERIALS AND METHODS

1. Study design, setting, and participants

This is a retrospective cohort study performed at seven
academic institutions in South Korea. Between January
2007 and December 2016, a total of 234 newly diagnosed
PBC patients who started UDCA treatment were screened.
PBC was defined by the presence of at least two of the
following diagnostic criteria:” (1) elevated serum ALP
levels, defined as more than 1.5 times of the upper limit
of normal (ULN); (2) serum antimitochondrial antibody
(AMA) positive; and (3) nonsuppurative cholangitis and
destruction of small bile ducts on histologic evaluation.
Among them, we excluded 37 patients who met the fol-
lowing exclusion criteria: (1) age less than 18 years; (2)
patients with chronic hepatitis B or chronic hepatitis C;
(3) excessive alcohol intake, defined as consuming more
than the threshold of one drink per day for women and
two drinks per day for men; (4) history of malignancy or
liver transplantation; (5) patients with overlap syndrome
who presented at least two of the Paris criteria: (a) alanine
aminotransferase (ALT) >5xULN, (b) immunoglobulin G
>2xULN and/or positive anti-smooth muscle antibody, (c)
liver histology with moderate or severe interface hepatitis;
and (6) presence or history of hepatic decompensation (as-
cites, variceal bleeding and/or hepatic encephalopathy). In
addition, we excluded 24 patients who were lost to follow-
up within a year from diagnosis of PBC. Finally, a total of
173 adult PBC patients without hepatic decompensation or

Exclusions (n=37)
Age <18 yr (n=0)
HBYV or HCV infection (n=5)

A 4

Newly diagnosed PBC patients aged 18 yr
or older without HBV or HCV coinfection,
malignancy, liver transplantation, overlap

syndrome, or decompensated liver cirrhosis
at baseline (n=197)

Eligible

Excessive alcohol consumption (n=2)

History of malignancy or liver transplantation (n=10)
Overlap syndrome (n=16)

Decompensated liver cirrhosis at diagnosis (n=4)

Exclusions (n=24)

A 4

Newly diagnosed PBC patients aged 18 yr or
older without HBV or HCV coinfection,
malignancy, liver transplantation, overlap
syndrome, or decompensated liver cirrhosis at
baseline, with more than 1 yr of
follow-up (n=173)

Analyzed

Fig. 1. Flowchart showing the study population.

A4

Follow-up loss within 1 yr (n=24)

PBC, primary biliary cholangitis; ICD, International Classification of Diseases; HBV, hepatitis B virus; HCV, hepatitis C virus.
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malignancy who started UDCA treatment were analyzed
(Fig. 1). The study protocol was reviewed and approved by
each institutional review board including Samsung Medi-
cal Center (IRB number: 2021-10-145). Because this study
was based on a retrospective analysis of existing clinical
data, the institutional review board waived the require-
ment for informed patient consent.

2. Study outcome, variables, and definitions

The primary outcome was UDCA response, defined as
an ALP level less than 1.67 times the ULN after 1 year of
UDCA treatment." Secondary outcomes were UDCA re-
sponse, defined as ALP level less than 1.0, 1.5, or 2.0 times
ULN after 1 year of UDCA treatment, and liver-related
event-free survival, defined as development of hepatic
decompensation and/or HCC during follow-up. Hepatic
decompensation was defined as newly developed ascites
requiring diuretics or paracentesis, hepatic encephalopathy
necessitating hospitalization, or esophagogastric variceal
bleeding. For liver-related event-free survival, the follow-
up period was defined as the time between PBC diagnosis
and the occurrence of liver-related events or the end of the
study, whichever came first. The reference date was June
30, 2021.

The original URS formula is as follows:"* URS=0.77+
0.60x ( \/total bilirubin at diagnosis [x ULN]) '=2.73xIn
(ALP at diagnosis [xXULN])+0.35xIn (ALT at diagnosis
[xULN])+0.03xage [yr]-0.15x(time from diagnosis to the
start of treatment [yr])—0.56x(change in ALP concentra-
tion from diagnosis to the start of treatment [xULN]).

In our cohort, all patients started UDCA at the time of
PBC diagnosis. Consequently, we used URS with a time
lag set to 0 and a change in ALP set to 0. We also calculated
the modified URS developed using only data from the

treatment start date. The formula is as follows:"* modified
URS=0.76+0.56x(,/total bilirubin at diagnosis [x ULN])"
—2.77xIn (ALP at diagnosis [xULN])+0.49xIn (ALT at diag-
nosis [XULN])+0.03xage (yr). The following variables were
extracted from electronic medical records: age at diagnosis,
sex, body weight, initial dose of UDCA per day, AMA posi-
tivity, histologic findings, serum platelet counts, prothrom-
bin time, albumin, total bilirubin, aspartate aminotransfer-
ase, ALT, ALP, and gamma-glutamyl transferase at diagnosis,
and serum platelet counts, albumin, total bilirubin, ALT, and
ALP at 1 year after UDCA treatment. Based on histologic
findings, PBC was classified as stages I-IV: stage I, portal in-
flammation and florid ductal lesions; stage II, portal inflam-
mation, focal interface hepatitis, and bile ductular prolifera-
tion; stage III, distortion of the hepatic architecture with
numerous fibrous septa; and stage IV, cirrhosis.” For the up-
per or lower limit of the normal value of albumin, bilirubin,
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aspartate aminotransferase, ALT, ALP, and gamma-glutamyl
transferase levels, we used normal ranges of each variable
provided by each institution.

3. Statistical analysis

Values are presented as median (interquartile range)
or frequency (percentage). For comparing continuous
variables such as laboratory parameters before and after
UDCA treatment, the Wilcoxon rank-sum test was ap-
plied because a substantial deviation from normality was
detected. Categorical variables were compared using the
chi-square test. The Kaplan-Meier method was used to
calculate and plot liver-related event-free survival prob-
ability. The difference in survival rates between groups was
analyzed using log-rank tests. The predictive performance
was assessed by calculating and plotting the area under
the receiver operating characteristic curve (AUROC) and
estimating the 95% confidence interval (CI) with stratified
bootstrapping. Optimal cutoff values of URS for UDCA
response were determined according to the Youden index
(maximum sum of sensitivity and specificity). All analyses
were two sided. Statistical significance was defined at p-
value less than 0.05. Statistical analyses were performed us-
ing R version 4.1.3 (R Foundation for Statistical Comput-
ing, Vienna, Austria).

RESULTS

1. Clinicopathological characteristics

The clinicopathological characteristics of study partici-
pants are shown in Table 1. The median age of the study
population was 55 years. Women accounted for 88%. AMA
was positive in 95% of patients. Data of liver biopsies were
available for 125 patients. Of them, eight had stage IV cir-
rhosis at the time of diagnosis. Seventy patients (40.5%)
took the recommended UDCA dose (13 to 15 mg/kg/day),
52 patients (30.1%) took an underdose (13 mg/kg/day),
and 51 patients (29.5%) took an overdose (>15 mg/kg/
day).” When laboratory parameters before and after 1 year
of UDCA treatment were compared, the median ALP level
decreased from 2.27 times to 1.06 times of the ULN.

2. Performance of URS in predicting UDCA response
After 1 year of UDCA treatment, 76.9% achieved
UDCA response (ALP <1.67 times ULN). When stratified
according to quartile of URS, UDCA response rate was
46.5%, 67.4%, 90.9% and 100% for those with URS of —3.20
to 0.13, 0.13 to 1.05, 1.05 to 2.03, and 2.03 to 4.67, respec-
tively (Table 2). The AUROC of URS in predicting UDCA
response (ALP <1.67 times ULN) was 0.84 (95% CI, 0.78
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Table 1. Subject Clinicopathological Characteristics

Characteristic At diagnosis (n=173) At 1yr(n=173) p-value

Age, yr 55.2 (49.1-63.0) - -
Female sex 152 (87.9) - -
Body weight at diagnosis, kg 57.0 (52.8-63.0) - -
AMA positive 164 (94.8) - -
Platelet counts, x103/pL 214 (170-260) 204 (155-255) <0.001
PTINR 0.98(0.91-1.04) = =
Albumin, xLLN 1.20 (1.14-1.26) 1.23(1.17-1.28) <0.001
Total bilirubin, xULN 0.58 (0.42-0.83) 0.50 (0.42-0.71) <0.001
AST, xULN 1.71 (1.24-2.80) - -
ALT, xULN 1.67 (1.03-2.48) 0.70 (0.48-1.12) <0.001
ALP, xULN 2.27 (1.56-3.20) 1.06 (0.82-1.62) <0.001
GGT, xULN 5.75 (3.40-9.95) = =
UDCA dose, mg/kg 14.0 (12.0-16.0) - -

<13 52 (30.1)

13-15 70 (40.5)

>15 51(29.5)
Liver biopsy (n=125) 125(72.3) - -

PBC stage | 26 (20.8)

PBC stage I 37(29.6)

PBC stage IlI 54 (43.2)

PBC stage IV 8(6.4)

Data are presented as median (interquartile range) or number (%).

AMA, antimitochondrial antibody; PT INR, prothrombin time and international normalized ratio; LLN, lower limit of normal; ULN, upper limit of
normal; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; GGT, gamma-glutamyl transferase; UDCA,

ursodeoxycholic acid; PBC, primary biliary cholangitis.

Table 2. Proportion of Patients with a UDCA Response 1 Year after
UDCA Treatment

URS UDCA responder, %*
1Q(-3.20 t0 0.13) 46.5
2Q(0.13 to 1.05) 67.4
3Q(1.05 to 2.03) 90.9
4Q (2.03 to 4.67) 100
<1.41 (n=97) 58.8
>1.41 (n=76) 98.7

UDCA, ursodeoxycholic acid; URS, UDCA response score.
*UDCA responders were defined as patients with alkaline phospha-
tase <1.67xupper limit of normal.

to 0.88) (Supplementary Fig. 1). The best cutoff of URS to
identify UDCA response was 1.41, meaning 80% probabil-
ity of response to UDCA. UDCA response rate was 98.7%
for those with URS >1.41 and 58.8% for those with URS
<1.41 (Table 2). Proportion of patients achieving ALP <1.0,
<1.5, and <2.0 times ULN after 1 year of UDCA treatment
were 47.4%, 71.7%, and 86.7%, respectively (Supplemen-
tary Fig. 2). The AUROC of URS for predicting UDCA
response (ALP <1.0, <1.5, and <2.0 times ULN) was 0.76 to
0.81 (Supplementary Table 1). We also calculated modified
URS. The AUROC of modified URS in predicting UDCA
response (ALP <1.67 times ULN) was 0.84 (95% CI, 0.77
to 0.88) (Supplementary Table 2).

In this real-life study, many patients did not receive
recommended UDCA dose (13 to 15 mg/kg/day). Nev-
ertheless, there was no difference in UDCA response be-
tween patients receiving the recommended dose (80.0%),
underdose (76.9%), and overdose (70.6%, p=0.52). URS
from all three dose groups predicted UDCA response well.
The AUROC of URS in predicting UDCA response (ALP
<1.67 times ULN) was 0.85, 0.78, and 0.87 for underdose,
recommended dose, and overdose, respectively (compari-
son of AUROC: underdose vs recommended dose, p=0.49;
underdose vs overdose, p=0.81; recommended dose vs
overdose, p=0.27).

3. URS and liver-related event-free survival

During a median of 6.5 years of follow-up (range, 1.0
to 14.1 years), 18 patients (10.4%) experienced newly de-
veloped liver-related events. Most liver-related events were
hepatic decompensation (n=16, 9.2%). Ascites, hepatic
encephalopathy, and variceal bleeding were observed in
eight (4.6%), seven (4.0%), and seven (4.0%) patients, re-
spectively. Six patients experienced more than one hepatic
decompensation events. Three patients developed HCC.
One patient who developed HCC also experienced hepatic
decompensation. The 5- and 10-year liver-related event-
free survival rates for the whole study population were
91.1% and 85.0%, respectively. Among 125 patients with
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available histological information, liver-related event-free
survival rates at 5 years for PBC stage IV (n=8), PBC stage
III (n=54), PBC stage II (n=37), and PBC stage I (n=26)
were 62.5%, 96.1%, 88.4%, and 95.8%, respectively (Fig.
2). Mortality was observed in five patients. The causes of
death were liver cirrhosis-related complications in three
patients and unknown in two patients. The 5- and 10-year
overall survival rates for the whole study population were
98.2% and 95.3%, respectively.

When stratified with ALP endpoints as responders
(<1.67 times ULN) or nonresponders (ALP >1.67 times

1.00 T ™
=
35 0.75 1
®
Ke)
o
i; 0.50 1 ;0,001
2 Stage |
S 0.25 Stage II
n —— Stage lll
— Stage IV
T T T 1
0 2 4 6 8 10
Time (yr)
No. at risk
Stage | 26 24 23 13 10 8
Stage Il 37 35 31 23 19 12
Stage Il 54 48 45 33 23 9
Stage IV 8 7 5 3 0 0

Fig. 2. Probability of liver-related event-free survival of patients with
available histologic data stratified by fibrosis stage (n=125).

Table 3. Liver-Related Event Rates at 5 Years

ULN), responders had a higher probability of liver-related
event-free survival (Supplementary Fig. 3). The 5-year and
10-year liver-related event-free survival rates of the respond-
ers were 95.9% and 91.7%, respectively, while those of non-
responders were 77.8% and 74.1% (p<0.001), respectively.
Liver-related events of responders and nonresponders
defined by URS and other biochemical response criteria in
5 years are shown in Table 3. Patients with URS >1.41 did
not develop any liver-related events in 5 years. The 5-year
liver-related event-free survival rates for patients with URS
>1.41 were 100%, while for patients with URS <1.41 was
85.5% (p=0.001) (Fig. 3A). The 5-year AUROC of the URS
for liver-related events in the overall cohort was 0.69 (Table
4). Among 117 non-cirrhotic PBC patients by histological
evaluation (PBC stages I-III), the 5-year AUROC of the
URS for the liver-related events was 0.72 (Table 4). The
5-year liver-related event-free survival rate for patients
with URS >1.41 were 100%, while for patients with URS
<1.41 was 86.5% (p=0.005) (Fig. 3B). We also compared
the predictive performance of URS to other biochemical
response criteria and risk scoring systems. Both UK-PBC
and GLOBE showed high discriminative ability. However,
AUROC:s of biochemical response criteria, Paris I, Paris
II, and Rotterdam were not significantly different from
those of URS (Table 4). We further investigated and found
that the patients who did not meet any of the biochemical
response criteria, including Paris I, Paris II, Rotterdam,
and Barcelona, after 1 year of UDCA treatment were 75

Overall cohort (n=173)

Non-cirrhotic patients (n=117)*

Response, No.

Event, No. (%)

Response, No. Event, No. (%)

URS

21.41 97 0

<1.41 76 13(17.1)
ALP <1.67xULN at 1 yr

Responder 132 5(3.8)

Nonresponder 41 8(19.5)
Paris |

Responder 139 5(3.6)

Nonresponder 34 8(23.5)
Paris II"

Responder 108 3(2.8)

Nonresponder 65 10 (15.4)
Rotterdam

Responder 152 5(3.3)

Nonresponder 51 8(15.7)
Barcelona

Responder 130 8(6.2)

Nonresponder 43 5(11.6)

59 0
58 7(12.1)
92 2(2.2)
25 5(20.0)
99 3(3.0)
18 4(22.2)
77 101.3)
40 6(15.0)
107 3(2.8)
10 4(40.0)
93 5(5.4)
24 2(8.3)

URS, ursodeoxycholic acid response score; ALP, alkaline phosphatase; ULN, upper limit of normal.
*Only patients with histologic evaluation were included; "Paris Il criteria had been developed for early primary biliary cholangitis. Therefore, the

analysis of Paris Il was excluded for cirrhotic patients.
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A URS>1.41
1.00 =, T
2
Z 0.751 URS<1.41
®
Ke)
o
3 0.50 A
©
2
2 0.25-
»n p=0.001
0 1 2 3 4 5
Time (yr)
No. at risk
URS<1.41 97 97 86 81 75 69
URS>1.41 76 76 71 71 68 59

URS>1.41
1.00 =5 o
2 URS<1.41
Z 0.75 1 .
®
Ke)
o
S 0.50 4
©
2
£ 0.25-
2] p=0.005
0 1 2 3 4 5
Time (yr)
No. at risk
URS<1.41 58 58 50 46 44 39
URS>1.41 59 59 57 57 55 49

Fig. 3. Probability of liver-related event-free survival stratified by ursodeoxycholic acid response score (URS). (A] Overall patients (n=173). (B) Non-
cirrhotic patients (stages I-Ill, n=117).

Table 4. Predictive Performance At 5 Years of the URS and Biochemical Response Criteria/Risk Scoring Systems

Overall cohort (n=173)

Non-cirrhotic patients (n=117)

Scoring systems

AUROC (95% Cl) p-value* AUROC (95% Cl) p-value*

URS 0.69 (0.61-0.79) 0.72(0.60-0.82)

ALP <1.67xULN at 1yr 0.70 (0.58-0.81) 0.76 0.77 (0.59-0.91) 0.59
UK-PBC 0.90 (0.84-0.95) <0.001 0.91(0.82-0.07) 0.004
GLOBE 0.91(0.81-0.97) <0.001 0.92 (0.83-0.99) 0.004
Paris | 0.72(0.60-0.85) 0.62 0.72 (0.57-0.91) 0.99
Paris II" 0.71(0.58-0.81) 0.66 0.77 (0.63-0.88) 0.47
Rotterdam 0.77 (0.66-0.90) 0.34 0.76 (0.57-0.91) 0.70
Barcelona 0.43(0.27-0.55) <0.001 0.46 (0.30-0.62) 0.004

URS, ursodeoxycholic acid response score; AUROC, area under the receiver operating characteristic curve; Cl, confidence interval; ALP, alkaline
phosphatase; ULN, upper limit of normal.
*p-value was obtained after comparing AUROC of URS to each biochemical response criteria/risk scoring system; "Paris Il criteria were developed

for early primary biliary cholangitis. Therefore, the analysis of Paris Il was excluded for cirrhotic patients.

(44.3%). Among them, 54 patients (72%) were not changed
with the treatment, 19 patients (25.3%) received increased
doses of UDCA, and two patients (2.7%) received immu-
nosuppressants such as steroids.

DISCUSSION

In this multicenter study of PBC, we aimed to validate
the performance of URS in Asian patients and assess
whether URS could be used as a prognostic scoring sys-
tem. We found that the predictive performance of URS
was good in Asian PBC patients. The AUROC of URS for
predicting UDCA response was 0.84 (95% CI, 0.78 to 0.88).
We also found that the risk of liver-related events could be
differentiated by URS for non-cirrhotic patients.

The primary endpoint of this study was UDCA re-
sponse defined as an ALP level less than 1.67 times the
ULN at 1 year after UDCA treatment. Carbone et al."* have

made different models for each different definition of ALP
endpoints because there had been disagreements regarding
the optimal ALP cutoff value for the response to UDCA. In
the present study, we also calculated models with varying
ALP endpoints, and found that the model with 1.67 times
the ULN of ALP showed the highest discrimination ability
in our cohort (Supplementary Table 1). In Toronto criteria,
1.67 times the ULN of ALP was used as the endpoint of
UDCA response and for predicting histological progres-
sion.”” Also, the study of Momah et al.'® about optimizing
biochemical markers for PBC patients demonstrated that
patients with ALP <1.67 times the ULN after 1 year of
UDCA treatment also showed bilirubin <1 mg/dL and
these patients were more likely to experience treatment
success.

In the present study, we set treatment time lag and delta
ALP to be zero with the original URS score because all pa-
tients in our cohort began UDCA immediately after being
diagnosed with PBC. In addition, we calculated a modified

https://doi.org/10.5009/gnl220420 625
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URS. However, both the original and modified URS ac-
curately predicted UDCA response, showing no significant
difference in AUROC between the two methods. Carbone
et al."* have demonstrated that even if fixing the treatment
time lag to zero, URS still showed high discrimination
ability with an AUROC of 0.87 (95% CI, 0.85 to 0.89). The
AUROC of modified URS in their cohort was 0.83 (95%
CI, 0.82 to 0.85). There have been some studies on the vali-
dation of URS. Yagi et al."” have reported that the AUROC
of modified URS (0.79; 95% CI, 0.74 to 0.83) was higher
than that of the original URS (0.74; 95% CI, 0.70 to 0.79) in
their cohort. The authors explained the difference between
the two models was due to the large variability in the treat-
ment time lag. To reflect actual clinical practice, we used
the original URS instead of modified URS based on the
following facts: (1) there was no treatment time lag in our
cohort, which differed from other cohorts; (2) the original
URS in the study of Carbone et al."* showed good perfor-
mance even after fixing the time lag to zero; and (3) both
the original URS with fixed time lag as zero and modified
URS showed good performance in our cohort.

When AUROC was analyzed, we found that URS of
1.41 was the cutoff value based on the Youden index in our
cohort, which meant 80% of the probability of response
to UDCA. In the group of patients with a URS of equal or
greater than 1.41, about 99% of patients achieved ALP end-
points. UDCA responders had higher liver-related event-
free survival probability. We hypothesize that if URS could
accurately predict UDCA response, it could also predict
prognosis because previous studies demonstrated that bio-
chemical response to UDCA is a predictor of clinical out-
come of PBC patients.'*"** The calculated AUROC of URS
for predicting the survival of liver-related events in overall
cohorts was not favorable. However, when we subdivided
patients into non-cirrhotic groups based on histologic
evaluation, the predictive performance was better for the
non-cirrhotic group. In the overall population, risk scor-
ing systems such as UK-PBC and GLOBE scores showed
high discriminative ability, while the biochemical response
criteria such as Paris I, Paris II, and Rotterdam showed
insignificant differences from URS. The reason that risk
scoring systems showed better performance might be due
to markers of synthetic liver function and fibrosis such as
albumin and platelets."""* However, URS could stratify the
risk of liver-related events in histologically proven non-
cirrhotic patients. Further study will be needed to develop
the prognostic scoring systems using data at the beginning
of treatment.

Although histologic evaluation is not mandatory in
the diagnosis of PBC, it is known that histology is one of
the prognostic factors of PBC."” Murillo Perez et al.® have
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found that advanced fibrosis was an independent factor
associated with survival and the patients with advanced
tibrosis had a lower survival rate despite having a favorable
biochemical response at 1 year. UDCA can reduce inflam-
mation and ductular proliferation. However, it cannot
reverse fibrosis.”* Therefore, obtaining a sufficient UDCA
treatment response in patients with advanced stage of PBC
is difficult.”"* When we stratified the patients with fibrosis
stage, stage IV cirrhosis was found to be the decisive factor
for poor prognosis. However, the patients with higher URS
did not develop any liver-related events in 5 years in histo-
logically proven non-cirrhotic group.

This study has some limitations due to its retrospec-
tive design. Firstly, we only included patients who met the
inclusion criteria, which were more stringent than those
of other cohorts. If patients showed elevated ALP less than
1.5 ULN, AMA positive, but without results of liver biopsy
could be excluded even if they had true PBC. However, in
the setting of a retrospective design, it was the only way to
convince a patient's diagnosis in the absence of histologic
analysis. Secondly, more than half of patients took either
under dose or overdose of UDCA. This is probably because
there are three different dosages (100, 200, and 300 mg)
of UDCA pills. Physicians usually prescribe 300 mg three
times a day for normal or overweight patients and 200
mg three times a day for underweight patients. Therefore,
prescriptions might be inadequate or excessive for certain
patients. Interestingly, the proportion of patients achieving
ALP endpoints did not differ significantly between groups.
Moreover, when we analyzed the AUROC to predict the
response to UDCA with URS, despite the fact that doses of
UDCA varied, the performance for predicting UDCA re-
sponse was good for all groups. Thirdly, even if URS could
predict clinical outcomes in our study, further studies will
be needed to validate it in other populations for prognosis
and develop new prognostic scoring systems with data
from the treatment start date. Moreover, even if URS could
predict prognosis, it would be hard to switch the treatment
plan from UDCA to other therapeutic options at present.
Therefore, URS should be validated for other PBC treat-
ment options as well.

In conclusion, URS demonstrated good performance in
predicting the UDCA treatment response before starting
UDCA in Asian PBC patients. In addition, the risk of liver-
related events differed by URS. These findings suggest
URS can be a tool to identify a high-risk subgroup of Asian
patients with PBC.
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