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Abstract

Background: Mildly elevated levels of transaminase and/or immunoglobulin G (IgG) are
common in patients with primary biliary cholangitis (PBC). It is still unclear whether adding
immunosuppressive therapy to ursodeoxycholic acid ([UDCA) benefits those patients who are
not fulfilling the diagnostic criteria of PBC with autoimmune hepatitis (AIH) features.
Objectives: To assess the efficacy of adding immunosuppressive therapy to UDCA for patients
with PBC and autoimmune phenomena but not fulfilling the diagnostic criteria of PBC with AlIH
features.

Design: This is a retrospective-prospective cohort study in a tertiary medical center.
Methods: Patients with PBC and autoimmune phenomena were defined by the elevation of
IgG and/or transaminase but did not fulfill the diagnostic criteria of PBC with AlH features. We
grouped these patients based on with and without add-on immunosuppressive therapy and
balanced their baseline characteristics using inverse probability treatment weighting (IPTW).
Results: A total of 652 patients with PBC and autoimmune phenomena were included, with a
median follow-up of 4.08years. After IPTW, the pseudo sample size in the add-on therapy and
monotherapy groups was 558 and 655, respectively. After 1year of observation, patients in the
add-on therapy group had a higher biochemical response rate (normalization of transaminase
and IgG levels) (49% versus 17%, p<0.001). Furthermore, add-on therapy improved the
transplant-free survival in the subgroup of patients with PBC and transaminase =3 X upper
limit of normal (ULN) or IgG =1.3 X ULN (p=0.033).

Conclusion: Add-on immunosuppressive therapy may improve the normalization rates of
transaminase and IgG levels in all patients with PBC and mildly elevated transaminase and
IgG levels and the long-term outcomes in the subgroup of the patients with transaminase

=3 X ULN or IgG =1.3 X ULN.

Plain language summary
A look at add-on immunosuppressive therapy in primary biliary cholangitis patients

Adding immunosuppressive therapy may enhance the normalization of ALT, AST and IgG
levelsin all PBC patients with mild elevation and improve long-term outcomes in those with
more severe elevation of ALT, AST and IgG. These findings contribute to our understanding
of treatment options for PBC patients with autoimmune phenomena.
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Introduction

Primary biliary cholangitis (PBC) is a chronic
autoimmune liver disease characterized by dra-
matically elevated serum levels of alkaline phos-
phatase (ALP) and immunoglobulin M (IgM),
positive anti-mitochondrial autoantibodies
(AMAs), and non-suppurative inflammation of
the interlobular bile ducts.!»2 Autoimmune hepa-
titis (AIH) is another autoimmune liver disease
characterized by marked elevation of serum levels
of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and immunoglobulin G
(IgG), positive antinuclear antibody (ANA)/
smooth muscle antibody (SMA), and interface
hepatitis on histological examination.? The treat-
ment of choice for typical PBC and AIH is urso-
deoxycholicacid (UDCA)andimmunosuppressive
therapy, respectively.l-3

Some patients with PBC also have elevated levels
of aminotransferase and/or IgG, positive ANA/
SMA, and interface hepatitis either simultane-
ously or consecutively.> PBC with AIH features
(also known as PBC-AIH overlap syndrome)
could be diagnosed if the patients fulfill the Paris
criteria,? accounting for approximately 3—-25% of
PBC patients, depending on different diagnostic
criteria, study populations, and sample sizes.%10
A recent meta-analysis showed that combination
therapy with UDCA and immunosuppressants
may be superior to UDCA monotherapy in terms
of biochemical improvement and transplant-free
survival for these patients.!!

However, a Chinese study showed that a much
higher proportion of patients with PBC have
some autoimmune phenomena but do not fulfill
the stringent criteria of PBC with AIH features.!?
It is also reported that this kind of atypical case
may also benefit from immunosuppressive ther-
apy.10:13.14 Some studies even proposed less strin-
gent criteria for detecting milder forms of PBC
with AIH features that may benefit from immu-
nosuppressive therapy.!%1315 However, over-
diagnosing PBC with AIH features will expose
the patients to unnecessary immunosuppressive
therapy and side effects.1%17 Up to now, the effi-
cacy and the criteria or timing for initiating immu-
nosuppressive therapy for these atypical cases are
still controversial issues.

Therefore, in the present study, we investigated
the efficacy of add-on immunosuppressive ther-
apy for PBC with autoimmune phenomena,

which was defined as patients with PBC who had
mildly elevated transaminase and/or IgG levels
but did not fulfill the Paris criteria for PBC with
ATIH features.

Patients and methods

This retrospective—prospective cohort study
included patients diagnosed with PBC at the
Beijing Friendship Hospital, Capital Medical
University, from 2000 to 2020 (retrospectively
included patients between January 2000 and
December 2017 and prospectively enrolled
patients between December 2017 and December
2020). The diagnosis of PBC was based on the
published criteria.l»2 The major inclusion criteria
for the current study were patients with PBC and
autoimmune phenomena, arbitrarily defined as
patients with PBC and elevated IgG and/or
transaminase levels (with or without histologically
defined interface hepatitis) but did not fulfill the
diagnostic criteria of PBC with AIH features.?

The patients were excluded if they were (1) with
concomitant drug-induced liver injury or viral hep-
atitis B or C; (2) with key baseline data missing;
(3) without adequate UDCA therapy (13-15mg/
kg/day); (4) with irregular immunosuppressive
therapy; (5) received immunosuppressants because
of other autoimmune diseases; (6) received fibrates
or obeticholic acid therapy; and (7) lost to follow-
up or followed up shorter than 1year.

The included patients were grouped by their
treatment options: UDCA monotherapy and
UDCA with add-on immunosuppressive therapy.
The decision to use immunosuppressive therapy
was at the discretion of the physicians after care-
ful consideration of factors such as elevated levels
of transaminases or IgG, liver pathology (e.g.
interface hepatitis), suboptimal response to
UDCA, and patients’ preferences. Then, the bio-
chemical responses (normalization of serum lev-
els of transaminase and IgG, Paris I criteria, Paris
II criteria) and clinical outcomes (hepatic decom-
pensation and liver transplantation/liver-related
death) were compared between these two groups.

The study protocol conformed to the ethical
guidelines of the 1975 Declaration of Helsinki
(6th revision, 2008) and was approved by the
institution’s human research committee. The eth-
ics committee of the Beijing Friendship Hospital,
Capital Medical University, reviewed and
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approved the study. All patients gave verbal con-
sent that was granted by the ethical committee.
The reporting of this study conforms to the
Strengthening the Reporting of Observational
Studies in Epidemiology statement.!8

Data collection and follow-up of the patients

with PBC

We retrospectively collected data from the medi-
cal records of the patients with PBC between
January 2000 and December 2017. Subsequently,
starting in December 2017, we continuously
monitored the previously enrolled patients and
initiated regular follow-ups with newly enrolled
patients with PBC every 6 months. Follow-up
information was obtained by two specially trained
doctors with telephone interviews and the review
of medical records since 2017.

The following data were collected: age, sex, body
mass index, AMA/AMA-M2, SMA, antibodies to
soluble liver antigen/liver—pancreas, antibodies to
kidney microsome-1 (anti-LKM1), immunoglob-
ulin levels, HBsAg and antibody to hepatitis B
core antigen (anti-HBc), complete blood count,
blood biochemistry, abdominal ultrasound, liver
histology, treatment options (UDCA monother-
apy or UDCA with add-on immunosuppressive
therapy), the start time, dose and treatment dura-
tion of UDCA and immunosuppressants, side
effects of immunosuppressants, smoking and
alcohol consumption, the occurrence time of
hepatic decompensation, liver transplantation,
and liver-related death.

Working definitions

For all patients, the first baseline was defined as
the time point of UDCA therapy initiation. For
patients receiving add-on therapy, we defined the
second baseline as the time point of add-on ther-
apy initiation; for patients continuing their UDCA
monotherapy, we defined their second baseline as
the approximate time point at which the add-on
therapy group started immunosuppressants.

Biochemical response rates were calculated accord-
ing to the Paris I, Paris II criteria, and normaliza-
tion of ALT, AST, and IgG at the second baseline
and 1year after the second baseline. Cirrhosis was
diagnosed based on the published guidelines.!®
Hepatic decompensation was defined as variceal
bleeding, ascites, or hepatic encephalopathy.2?

Smoking habit was defined as smoking more than
100 cigarettes lifetime.2!22 Alcohol abuse was
defined as an average alcohol consumption of
>40g/day for men or >20g/day for women last-
ing longer than 5years.?? Past hepatitis B virus
infection was defined as positive anti-HBc with
negative HBsAg. PBC liver histology was catego-
rized with the Ludwig staging system as early
stage (I/II) and advanced stage (III/IV).24

Statistical analyses

ALP, gamma-glutamyl transpeptidase (y-GT),
ALT, AST, globulin, IgG, IgM, total bilirubin
(TBIL), and total bile acid (TBA) were described
as a multiple of their respective upper limit of
normal (ULN). Albumin and platelet count were
described as a multiple of the lower limit of nor-
mal and absolute values. Categorical data were
expressed as frequencies (percentages) and con-
tinuous data as median (interquartile range). To
compare characteristics between the two groups,
we used the Mann—Whitney U test for continuous
variables and the chi-square test for categorical
variables.

We conducted inverse probability treatment
weighting (IPTW) to balance the baseline charac-
teristics between the add-on therapy group and
the UDCA monotherapy group. Propensity
scores were calculated using multiple logistic
regression adjusted for age, sex, cirrhosis, ALT,
AST, IgG, and TBIL at the second baseline.
Covariate balance before and after IPTW was
assessed using the standardized mean difference.
Weights based on propensity scores were recalcu-
lated for each subgroup analysis.

Kaplan—Meier curves with or without IPTW were
generated to visually demonstrate the impact of
add-on immunosuppressive therapy on clinical
long-term outcomes. Group difference was calcu-
lated with the log-rank test. A two-sided p value
<0.05 was considered statistically significant. All
statistical analyses were performed with R version
4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

Clinical characteristics of patients with PBC and
autoimmune phenomena at the first baseline

A total of 652 patients with PBC and autoim-
mune phenomena were identified by inclusion
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Patients diagnosed with
PBC (n=1517)
2000.1-2020.12

1. Diagnosed with PBC with AlH features by the
Paris criteria: n=13
2. PBC without autoimmune phenomenon: n=70

PBC patients with
autoimmune phenomenon
(n=1434)

Exclusion: n=608

1. Concommitant with DILI or chronic viral hepatitis B or C: n=33
2. Missing key baseline data: n=335

3. Without adequate UDCA therapy (13-15 mg/kg/day): n=87

Lost to follow-up/ Follow-up<1 year: n=174 }-—

4. With irregular immunosuppressive therapy: n=23

5. Treated with immunosuppressants because of other
autoimmune diseases: n=78

6. Received fenofibrate therapy: n=52

PBC patients included in the
study (n=652)

l

Add-on therapy
(n=71)

Figure 1. Flow chart of the study design.

l

UDCA monotherapy
(n=581)

AlH, autoimmune hepatitis; DILI, drug-induced liver injury; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

and exclusion criteria, including 71 patients with
add-on immunosuppressive therapy and 581 with
UDCA monotherapy (Figure 1).

Clinical characteristics of the patients at the first
baseline (before UDCA therapy) are shown in
Table 1. Compared with patients in the mono-
therapy group, patients in the add-on therapy
group were younger and with a more advanced
disease stage.

Clinical characteristics of patients with PBC

and autoimmune phenomena at the second
baseline

After a median of 6 months (interquartile range:
5.04-22.0) of UDCA monotherapy, 71 PBC
patients received add-on immunosuppressive
therapy (corticosteroids with or without immuno-
suppressants); therefore, we defined this time
point as the second baseline. From the time of
UDCA initiation to the second baseline, signifi-
cant reductions were observed in ALT, AST,
ALP, y-GT, IgG, and IgM levels in both the add-
on therapy group (n=71) and monotherapy
group (n=581) (Table 2). Not surprisingly, at the
second baseline, the biochemical response rates
in the add-on therapy group were significantly

lower than those in the UDCA monotherapy
group (Supplemental Table S1, p<0.05).

At the second baseline, patients in the add-on
therapy group were younger and in a more
advanced disease stage compared with those in
the monotherapy group, characterized by higher
levels of ALT, AST, IgG, ALP, y-GT, TBIL, and
TBA (Table 2). The dosage and side effects of
immunosuppressants in the add-on therapy group
are shown in the Supplemental Material.

The liver histology examination was carried out
in 44 patients in the add-on therapy group at the
second baseline, with 36 of them having inter-
face hepatitis, 13 having mild interface hepatitis,
and 23 having moderate to severe interface
hepatitis.

Biochemical response rates in patients with
add-on immunosuppressive therapy versus

those with UDCA monotherapy before and after
IPTW

In the unweighted cohort, compared with patients
with UDCA monotherapy, the patients with add-
on therapy had higher response rates as defined
by normalization of both ALT, AST, and IgG
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Table 1. Clinical characteristics of PBC patients with autoimmune phenomena at the initiation of UDCA

therapy.

Characteristics Add-on therapy (n=71)  UDCA monotherapy (n=581) p Value
Age at diagnosis, years 48.58 (43.29-56.46) 56.42 (48.25-64.08) <0.001
Females, n (%) 64 (90.1) 497 (85.5) 0.382
AMA/AMA-M, (+), n (%) 57 (80.3) 516 (88.8] 0.059
ALP (XULN) 2.23 (1.42-3.21) 1.54 (1.06-2.58) 0.001
7-GT [(XULN) 7.49 (3.56-12.93) 4.73 (2.64-8.67) 0.004
ALT (XULN]) 2.62 (1.62-3.75) 1.55 (1.02-2.42) <0.001
AST (XULN] 2.70 (1.50-3.77) 1.58 (1.10-2.47) <0.001
ALB (XLLN) 1.09 (0.99-1.23) 1.12(0.99-1.21) 0.817
GLO (XULN) 0.97(0.87-1.13) 0.92 (0.82-1.06) 0.030
IgG (X ULN) 1.30 (1.04-1.56) 1.11(0.91-1.34) <0.001
IgM (X ULN) 1.57 (1.03-2.96) 1.48 (0.99-2.26) 0.429
TBIL (XULN) 1.50 (0.83-2.21) 0.95 (0.56-1.62) <0.001
TBA (XULN)a 2.44 (1.34-5.06) 1.33(0.68-2.80) 0.002
PLT, 107/L 143 (75-230) 175 (113-231) 0.083
SMA (4], n (%P 2(3.9) 4(1.3) 0.463
Anti-SLA/LP (+), n (%])c 1(2.9) 0 (0) NA
Anti-LKM1 (+), n (%) 0(0) 0(0) NA
BMI, kg/m?2 22.42 (20.00-23.81) 23.11 (20.81-24.97) 0.084
Smoking habit, n (%) 4 (6.0) 43 (8.3) 0.664
Alcohol abuse, n (%) 4 (6.0) 20 (3.9) 0.635
Past HBV infection, n (%)d 15 (34.9) 131(36.2) 1.000
Cirrhosis, n (%) 27 (38.0) 180 (31.0) 0.285
Histological stages I-Il, n (%)e 12 (54.5) 97 (68.3) 0.303

2Available in 497 patients.
bAvailable in 351 patients.
cAvailable in 284 patients.
dAvailable in 405 patients.
eAvailable in 164 patients.

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AMA, anti-mitochondrial antibody; AMA-M,,
anti-mitochondrial M2 antibody; anti-LKM1, antibodies to kidney microsome-1; anti-SLA/LP, antibodies to soluble liver

antigen/liver-pancreas; AST, aspartate aminotransferase; BMI, body mass index; y-GT, gamma-glutamyl transpeptidase;

GLO, globulin; HBV, hepatitis B Virus; IgG, immunoglobulin G; IgM, immunoglobulin M; NA, not available; PBC, primary
biliary cholangitis; PLT, platelet count; SMA, smooth muscle antibody; TBA, total bile acid; TBIL, total bilirubin; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal.
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Table 2. Characteristics of the PBC patients at the time of add-on therapy before and after IPTW.
Characteristics Before weighting After weighting
Add-on therapy UDCA monotherapy SMD  pValue Add-on therapy UDCA monotherapy SMD p Value
(n=71) (n=581) (n=558) (n=655)
Age, years 50.08 (44.67-57.75)  56.92 (48.75-64.58)  0.540  <0.001 55.00 (48.54-57.79)  55.75 (47.67-64.08) 0.238 0.082
Females, n (%) 64 (90.1) 497 (85.5) 0.141 0.382 475 (85.1) 558 (85.2) 0.003 0.986
ALP (XULN]) 1.95(1.09-2.58) 1.10 (0.84-1.62) 0.574  <0.001 1.41(0.91-2.36) 1.13 (0.86-1.73) 0.171 0.085
y-GT (XULN]) 3.71(1.84-8.98) 1.93 (0.98-3.89) 0.499 <0.001 2.27(1.57-7.43) 2.04 (1.02-4.32) 0.238 0.061
ALT (XULN) 2.08 (1.13-3.10) 0.93 (0.58-1.48) 0.630  <0.001 1.14(0.72-2.06) 0.97 (0.60-1.60) 0.141 0.104
AST (XULN) 2.14 (1.22-3.49) 1.05 (0.73-1.65) 0.705  <0.001 1.24(0.78-2.11) 1.10 (0.74-1.78) 0.120 0.229
ALB (XLLN) 1.09 (0.98-1.24) 1.14(1.02-1.21) 0.120 0.214 1.17 (0.99-1.26) 1.14(1.02-1.21) 0171 0.274
GLO (XULN) 1.00 (0.89-1.15) 0.89 (0.81-1.00) 0.650 <0001  0.93(0.84-1.06) 0.90 (0.81-1.02) 0.321 0.184
IgG (X ULN]) 1.25(1.06-1.48) 1.07 (0.89-1.28) 0.532  <0.001 1.16 (0.99-1.25) 1.08 (0.90-1.31) 0.149 0.115
IgM (XULN]) 1.30 (0.73-2.69) 1.32 (0.83-2.05) 0.209 0.616 1.25 (0.65-2.55) 1.34 (0.84-2.07) 0.158 0.649
TBIL (XULN) 1.30 (0.87-2.24) 0.91(0.67-1.32) 0.273  <0.001 1.18 (0.76-1.93) 0.94 (0.67-1.40) 0.099 0.168
TBA (XULN]) 2.87 (1.35-5.93) 1.49 (0.71-3.62) 0.436  0.004 2.20(0.93-8.42) 1.62(0.76-3.97) 0.369 0.192
PLT, 10°/L 148 (77-218) 174 (110-230) 0.216  0.091 132 (69-211) 1710 (109-228) 0.208 0.200
Cirrhosis, n (%) 29 (40.8) 187 (32.2) 0.181 0.184 198 (35.5) 215 (32.8) 0.056 0.727

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; y-GT, gamma-glutamyl

transpeptidase; GLO, globulin; IgG, immunoglobulin G; IgM, immunoglobulin M; IPTW, inverse probability treatment weighting; LLN, lower limit of
normal; PBC, primary biliary cholangitis; PLT, platelet count; SMD, standardized mean difference; TBA, total bile acid; TBIL, total bilirubin; UDCA,
ursodeoxycholic acid; ULN, upper limit of normal.

after lyear of add-on therapy (Supplemental
Table S2, p<<0.001). However, biochemical
response rates, as defined by the Paris I or Paris IT
criteria, were similar between the two groups
(Supplemental Table S2).

To increase the comparability between groups,
patients in the add-on therapy group (=71)
and patients in the monotherapy group (7=581)
were matched by IPTW, based on age, sex, cir-
rhosis, ALT, AST, IgG, and TBIL. After IPTW,
the sample size in add-on therapy and mono-
therapy groups was 558 and 655, respectively.
The sample size formed is based on the weight
and the pseudo sample size generated by the
actual sample. The two groups were well bal-
anced at the second baseline covariates, with the
p value >0.05 for all covariates, as shown in
Table 2.

In the weighted cohort, the results were consist-
ent with those from the unweighted analysis
(Figure 2).

Long-term outcomes of the patients with

add-on immunosuppressive therapy versus

those with UDCA monotherapy before and

after IPTW

In the unweighted cohort, the median follow-up
time in the add-on therapy group and the UDCA
monotherapy group was 2.92 years (interquartile
range: 1.58-4.92) and 4.17years (interquartile
range: 1.83-7.46), respectively. During follow-
up, a total of 69 patients experienced liver
transplantation or liver-related death, including
5 in the add-on therapy group and 64 in the
UDCA monotherapy group. The transplant-
free survival and cumulative incidence of
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Figure 2. Percentage of response and non-response in PBC patients with add-on therapy or UDCA
monotherapy after 1year of add-on therapy in IPTW-weighted cohort.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; IgG, immunoglobulin G; IPTW, inverse probability
treatment weighting; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

decompensation were similar between the two
groups [Supplemental Figure S1(a) and (b),
p>0.05] before IPTW, even after stratification
by transaminase and IgG levels [Supplemental
Figure S1(c) and (d), p>0.05].

After IPTW, the median follow-up time in the
add-on therapy group and the UDCA monother-
apy group was 3.33years (interquartile range:
1.10-4.97) and 4.17years (interquartile range:
1.83-7.32), respectively. The transplant-free
survival and cumulative incidence of decompen-
sation were also comparable between the two
groups [Figure 3(a) and (b), p>0.05].

Then, we performed subgroup analysis based on
the level of transaminase and IgG. In the patients
with ALT (or AST) =3XULN or IgG
=1.3 X ULN, 45 patients received add-on ther-
apy, and 177 patients received UDCA monother-
apy. After IPTW, the sample size in add-on
therapy and monotherapy groups was 207 and
221, respectively. In this particular population,

transplant-free survival was significantly improved
in the add-on therapy group [Figure 3(d),
p»=0.033]. By contrast, the transplant-free sur-
vival was similar between the two groups in
patients with ALT and AST <3 XULN and
IgG < 1.3 XULN [Figure 3(c), p=0.739]. The
weighted Cox regression analysis also showed
similar findings (Table 3), indicating that add-on
therapy may reduce the incidence of liver trans-
plantation or liver-related death in the subgroup
of patients with ALT (or AST)=3 X ULN or
IgG=1.3 X ULN.

Discussion

In the current study, we found that for most
patients with PBC and autoimmune phenom-
ena (elevated IgG and/or transaminase), add-
on immunosuppressive therapy may improve
the normalization rate of transaminase and IgG
levels and improve the long-term outcomes of
patients with ALT (or AST)>3 X ULN or
IgG=1.3 X ULN.
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IPTW-weighted Kaplan—Meier plots
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Figure 3. (a, b) IPTW-weighted Kaplan-Meier plots for transplant-free survival and cumulative incidence of
decompensation in PBC patients with add-on therapy or UDCA monotherapy. (c, d) IPTW-weighted Kaplan-
Meier plots for transplant-free survival in PBC patients with add-on therapy or UDCA monotherapy stratified

according to the level of transaminase and IgG.

IPTW, inverse probability treatment weighting; PBC, primary biliary cholangitis; UDCA, ursodeoxycholic acid.

In our cohort of patients with PBC, the rate of
PBC with AIH features defined by the Paris crite-
ria was rare. Indeed, among 289 patients with
PBC and a liver biopsy done at UDCA initiation,
only 9 patients (3.1%) fulfilled the Paris criteria,
which was similar to that reported by another
Chinese study® but lower than that previously
reported in Western countries (4.8-13.7%).7:9:25:26
This might be because Chinese patients with
PBC usually have only mild elevation of transam-
inase and IgG levels, a lower SMA positive rate,
and a lower proportion of patients who receive

liver biopsy.®27 However, our study observed a
high proportion of PBC patients (1434/1504,
95.3%) with autoimmune phenomena (defined
by the mild elevation of transaminase and/or IgG
not fulfilling the criteria of PBC with AIH fea-
tures), which is similar to another Chinese
study.!? Whether adding immunotherapy could
benefit this kind of atypical cases is still a contro-
versial issue.

We found that the patients with add-on therapy
had higher response rates defined by normalization
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Table 3. Cox regression analysis of add-on therapy for liver transplantation or liver-related death in

unadjusted and IPTW-adjusted population.

Population HR 95% CI p Value
Full cohort
Unadjusted model 0.784 0.315-1.952 0.601
IPTW model 0.585 0.190-1.804 0.351
Subcohort with transaminase =3 X ULN or IgG =1.3 X ULN
Unadjusted model 0.152 0.021-1.116 0.064
IPTW model 0.067 0.009-0.511 0.009

Cl, confidence interval; HR, hazard ratio; IgG, immunoglobulin G; IPTW, inverse probability treatment weighting;

ULN, upper limit of normal.

of ALT, AST, and IgG levels (p<<0.001) either
before or after IPTW, which was consistent with
a previous report.?8 In the unweighted cohort,
the transplant-free survival was similar between
the two groups despite the patients in the add-
on therapy group having worse baseline bio-
chemical variables, indicating that the add-on
therapy may benefit the patients who had unfa-
vorable baseline features. After IPTW, the
demographics and disease severity of the two
groups were well balanced (Table 2, p>0.05).
Importantly, we found that transplant-free sur-
vival was significantly improved by the add-on
therapy in the subgroup of patients with ALT or
AST =3 XULN or IgG=1.3 XULN (Figure
3). Therefore, our study provides further evi-
dence to the latest PBC guidance by the
Asia-Pacific Association for the Study of the
Liver, which recommends that IgG = 1.3 X ULN
instead of IgG =2 X ULN is used as one of the
criteria for the diagnosis of PBC with AIH fea-
ture in Asian patients.2°

Of note, out of the 45 patients with ALT (or
AST) =3 X ULN or IgG =1.3 X ULN in the add-
on therapy group, 30 received liver biopsy, and 17
of them showed moderate to severe interface hep-
atitis. This is in line with another report that in
patients with PBC and median ALT, AST levels
of 2-3 X ULN, and moderate to severe interface
hepatitis, immunosuppressive therapy could
improve both histological activity and fibrosis.!4
However, two studies reported that adding immu-
nosuppressive therapy could not offer long-term
benefits in patients with some features of AIH.28:30
One explanation would be that the patients

included in these two studies had relatively lower
ALT, AST, and IgG levels and only 30% of
patients had moderate to severe interface hepati-
tis.28:30 Taken together, it seems that immuno-
suppressive therapy may improve the long-term
outcomes only in a subgroup of PBC patients
with relatively high levels of transaminase and
IgG or histology activity, although not reaching
the criteria of PBC with AIH features.

Lastly, we agree that second-line therapy (mainly
including fibrates or obeticholic acid) would ben-
efit those with suboptimal responses. However,
the major indication for the second-line therapies
is high levels of ALP and TBIL.31:32 However, our
study focuses on patients with elevated levels of
transaminases or IgG but did not meet the criteria
for PBC with AIH features. We believe that these
two strategies serve different purposes and may
be complementary.

Our study had some limitations. First, this was a
retrospective—prospective single-center study. We
hope that the reasonable number of patients and
sophisticated statistical analysis, including IPTW,
could partially reduce the bias. Second, since not
all patients underwent liver biopsy, we cannot
completely exclude the possibility of PBC with
AIH features in those without liver histology.
Third, the relatively short follow-up duration may
prevent an accurate evaluation of long-term clini-
cal outcomes. However, after a median follow-up
of 3.67years, 119 patients (9.8%) have already
reached the clinical endpoint (liver transplanta-
tion or liver-related death) in the adjusted cohort.
So, we hope our results still shed some light on
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managing patients with PBC and some autoim-
mune phenomena.

Conclusion

In conclusion, add-on immunosuppressive ther-
apy may improve the biochemical response in
PBC patients with some autoimmune phenom-
ena but did not fulfill the criteria for PBC with
AIH features. Furthermore, add-on immunosup-
pressive therapy may improve the long-term out-
comes of PBC patients with ALT (or AST)
>3 X ULN or IgG =1.3 XULN. Prospective
studies with larger sample sizes are justified to
further validate our findings.
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