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Graphical abstract

Methods & Cohorts

● Evaluation of Paris and Zhang criteria
● Histology re-evaluation
● Treatment response
● Liver transplant-free survival
● (Liver related) Mortality

Compared to:
● AIH (n = 396)

● PBC (n = 860)

- PBC with ↑  IgG and >2.5 xULN
aminotransferases (n = 74)

Patients with autoimmune hepatitis -
primary biliary cholangitis (AIH-PBC)
variant syndrome treated with
ursodeoxycholic acid and
immunosuppression (n = 83)
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Conclusions:

Results

Patients outside Paris and Zhang criteria often clinically labeled as AIH-PBC variant syndrome and treated
with similar outcomes, indicating that more patients may benefit from combination therapy with UDCA and

immunosuppression. More consensus on diagnosis and management of AIH-PBC variant syndrome is needed.

24% fulfillment of Paris criteria - 70% fulfillment of Zhang criteria

Highlights: Impact and implications:
� In clinical practice patients outside of the Paris and
Zhang criteria are frequently treated as having AIH-PBC
variant syndrome.

� Treatment responses and long-term outcomes do not differ
in patients in or outside the Paris or Zhang criteria.

� Patients outside the Paris or Zhang criteria for AIH-PBC
variant syndrome might also benefit from com-
bined treatment.

� Long-term outcomes for untreated suspected AIH-PBC
variant syndrome are significantly worse compared to
those of patients with PBC.

� Consensus on the diagnosis and management of AIH-PBC
variant syndrome is necessary among experts in the field.
https://doi.org/10.1016/j.jhepr.2024.101088

© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). JHEP Reports
This study demonstrated that patients with AIH-PBC variant
syndrome treated with combined therapy consisting of immu-
nosuppressants and ursodeoxycholic acid often do not fulfill
the Paris criteria. They do however have comparable response
to therapy and long-term outcomes as patients who do fulfill
the diagnostic criteria. Additionally, patients with PBC and
additional signs of hepatic inflammation have poorer long-term
outcomes compared to patients treated as having AIH-PBC.
These results implicate that a larger group of patients with
features of both AIH and PBC may benefit from combined
treatment. With our results, we call for improved consensus
among experts in the field on the diagnosis and management of
AIH-PBC variant syndrome.
for the Study of the Liver (EASL). This is an open access article under the CC BY-
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Background & Aims: Autoimmune hepatitis (AIH) and primary biliary cholangitis (PBC) can co-exist in AIH-PBC, requiring
combined treatment with immunosuppression and ursodeoxycholic acid (UDCA). The Paris criteria are commonly used to identify
these patients; however, the optimal diagnostic criteria are unknown. We aimed to evaluate the use and clinical relevance of both
Paris and Zhang criteria.

Methods: Eighty-three patients with a clinical suspicion of AIH-PBC who were treated with combination therapy were included.
Histology was re-evaluated. Characteristics and long-term outcomes were retrospectively compared to patients with AIH
and PBC.

Results: Seventeen (24%) patients treated with combination therapy fulfilled the Paris criteria. Fifty-two patients (70%) fulfilled the
Zhang criteria. Patients who met Paris and Zhang criteria more often had inflammation and fibrosis on histology compared to
patients only meeting the Zhang criteria. Ten-year liver transplant (LT)-free survival was 87.3% (95% CI 78.9–95.7%) in patients
with AIH-PBC. This did not differ in patients in or outside the Paris or Zhang criteria (p = 0.46 and p = 0.40, respectively) or from
AIH (p = 0.086). LT-free survival was significantly lower in patients with PBC and severe hepatic inflammation – not receiving
immunosuppression – compared to those with AIH-PBC (65%; 95% CI 52.2–77.8% vs. 87%; 95% CI 83.2–90.8%; hazard ratio
0.52; p = 0.043).

Conclusions: In this study, patients with AIH-PBC outside Paris or Zhang criteria were frequently labeled as having AIH-PBC and
were successfully treated with combination therapy with similar outcomes. LT-free survival was worse in patients with PBC and
hepatic inflammation than in those treated as having AIH-PBC. More patients may benefit from combination therapy.

© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Primary biliary cholangitis (PBC) and autoimmune hepatitis
(AIH) are both autoimmune liver diseases predominantly
affecting women. PBC is characterized by biliary damage and
cholestasis, while inflammation and hepatocyte damage are
typical in AIH. In classical PBC, minimal interface hepatitis may
be present, whereas minimal biliary damage can be demon-
strated in histological biopsy specimens of patients with AIH.1

However, there is a spectrum between AIH and PBC in which
overlap with varying degrees of cholangitis, interface hepatitis
and lobular hepatitis may be present.1 When biochemical and/
or histological features of both diseases are clearly present, this
is referred to as AIH-PBC variant syndrome, PBC with features
of AIH or vice versa.2

In current practice and international guidelines, the Paris
criteria are most commonly used to make the diagnosis of AIH-
PBC. Patients have to fulfill two out of three PBC-related
* Corresponding author. Address: Department of Gastroenterology and Hepatology, C4
Netherlands; Tel.: +31 71 526 9111.
E-mail address: B.van_Hoek@lumc.nl (B. van Hoek).
https://doi.org/10.1016/j.jhepr.2024.101088

JHEP Reports, July 2
criteria and two out of three AIH-related criteria to meet the
Paris criteria (Table S1).3,4 The sensitivity of these criteria is a
topic of debate, as they might underestimate the prevalence of
AIH-PBC variant syndrome.3,5–9 New criteria based on the
revised AIH criteria were proposed by Zhang et al. and seemed
to have a better sensitivity (Table S2).10

Of note, a diagnosis of AIH-PBC comes with treatment
consequences for patients. In retrospective studies, combina-
tion therapy of glucocorticoids and ursodeoxycholic acid
(UDCA) was more effective than UDCA monotherapy for
reaching biochemical remission in patients with AIH-PBC.3,11

The presence of interface hepatitis was an independent pre-
dictor of response to glucocorticoids.11 Based on these retro-
spective studies, guidelines advise treatment with UDCA and
immunosuppression for patients with AIH-PBC variant syn-
drome inside the Paris criteria.8,12 Azathioprine can be used to
decrease the use of glucocorticoids and related adverse ef-
fects, as glucocorticoids increase – among others – the risk of
-P, Leiden University Medical Center, PO Box 9600, 2300 RC Leiden, the
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AIH-PBC under combination therapy
osteoporosis, cataract and diabetes mellitus.13 It is difficult to
determine in which patients the possible benefit of immuno-
suppressive therapy outweighs the side effects.

The primary aim of this study was to evaluate the proportion
of clinically diagnosed patients with AIH-PBC treated with
combination therapy with immunosuppression and UDCA who
fulfilled the Paris criteria in a real-world cohort. The secondary
aim was to compare the treatment response and long-term
outcome of patients with AIH-PBC within and outside the
Paris criteria to patients with AIH, PBC only, and patients with
PBC and elevated immunoglobulin G (IgG) and aminotransfer-
ases but without immunosuppression. Characteristics and
outcomes of patients inside Paris and/or Zhang criteria were
compared. Liver histological biopsy specimens of patients
labeled as having AIH-PBC variant syndrome were
re-assessed.

Patients and methods
In a retrospective cohort study of patients with AIH in seven
academic and three non-academic teaching hospitals in the
Netherlands and Belgium, full chart review was performed and
granular data, including treatment choice and response, were
available. Within this cohort we identified a cohort of patients in
whom there was a clinical suspicion of AIH-PBC variant syn-
drome and who were treated with a combination of immuno-
suppression and UDCA. These patients were considered as
having AIH-PBC variant syndrome.

All clinical data regarding serology, histology, fulfillment of
Paris and Zhang criteria, response to therapy, relapse, loss of
remission and long-term outcome were retrospectively
collected through medical chart review. In case of consecutive
presentation of diagnosis and start of treatment, the date of
initiating combination therapy was used as date of diagnosis
and start of follow-up. Liver transplantation (LT)-free survival
was defined as survival free of LT and mortality.

All ethical standards were followed according to the revised
Helsinki declaration, ethical approval by Medical Ethical Com-
mittee of the Leiden University Medical Center was obtained
(G18.067). If necessary ethical approval for the other partici-
pating hospitals was obtained separately. Informed consent
was obtained if deemed necessary by the Medical
Ethical Committee.

Reference cohorts

From the previously described cohorts from the Dutch Auto-
immune Hepatitis Study group and the Dutch Cholestasis
Research Group, patients with full details on treatment and
response were used as reference cohorts of patients with AIH
and PBC, respectively.14,15 For the diagnosis of AIH, the
revised AIH criteria were used.16 The treatment goal for AIH
was complete biochemical response, defined as normalization
of alanine aminotransferase (ALT), aspartate aminotransferase
(AST) and IgG evaluated after 6 and 12 months of (combination)
therapy.12 Diagnosis of PBC was according to the EASL
guidelines of 2009.8 Patients with concomitant AIH (who ful-
filled the diagnostic criteria for AIH) were excluded from the
original PBC reference cohort.15 Treatment response was
determined after 12 months of treatment using the Paris-II
criteria (alkaline phosphatase (AP) <1.5x upper limit of normal
(ULN), AST <1.5x ULN and bilirubin <1x ULN).17 Although the
JHEP Reports, July 20
GLOBE score, consisting of age, bilirubin, albumin, AP and
platelets, has not been validated in patients with AIH-PBC, it is
frequently used in clinical care for these patients. We explored
the use of the GLOBE score as a prognostic score in
this cohort.18

As there is a spectrum between AIH and PBC in inflamma-
tion and biliary damage, a subgroup analysis was performed in
patients with PBC with more inflammation than typical for PBC.
These patients were clinically diagnosed with PBC, and not
treated with combination therapy. Increased inflammation was
defined as increased IgG and AST and/or ALT >2.5x ULN at
diagnosis or after 12 months treatment with UDCA. A cut-off of
2.5x ULN was chosen to achieve a similar median ALT and AST
value in these patients compared to patients with AIH-PBC.
These cut-offs are more liberal than used by the Paris criteria
with a cut-off of >2x ULN for IgG and >5x ULN for AST and/or
ALT. None of these patients with PBC had been treated
with immunosuppression.

Histology

Available liver biopsies were digitally scanned (InstelliSite Ultra-
Fast Scanner, Philips) and re-evaluated simultaneously by three
hepatobiliary pathologists in one session, thereby limiting
interobserver variability. Disagreements were resolved by dis-
cussion and reaching consensus. For the re-evaluation, H&E
staining and periodic acid Schiff reaction staining were
used. Parameters assessed were severity of interface hepatitis
(0 = no interface hepatitis; 1 = mild interface hepatitis;
2 = moderate interface hepatitis; 3 = severe interface hepatitis),
portal inflammation (0 = no portal inflammation; 1 = mild portal
inflammation; 2 = moderate portal inflammation; 3 = severe
portal inflammation), lobular inflammation (0 = no lobular
inflammation; 1 = mild lobular inflammation; 2 = moderate
lobular inflammation; 3 = severe lobular inflammation), and
bile duct injury (0 = no bile duct injury; 1 = mild bile duct injury;
2 = moderate bile duct injury; 3 = severe bile duct injury).
Presence of florid duct lesions and granuloma was defined as
severe bile duct injury. If no bile ducts could be scored due to
ductopenia, bile duct injury was not scored. Fibrosis was
scored from F0–F4 using the Metavir classification on fibrosis
tissue staining.19 The semiquantitative grading system used in
this study was derived from the modified hepatitis activity index
(mHAI). For interface hepatitis, the two scores for mild were
combined into one score. For moderate and severe interface
hepatitis the mHAI definitions were used. For portal inflamma-
tion, the two scores for moderate hepatitis used in the mHAI
were combined into one score. In addition to the mHAI do-
mains, cholestatic histopathological characteristics were
scored, since florid duct lesions and granulomas may be pre-
sent in AIH-PBC variant syndrome. If liver biopsies were not
available for re-evaluation, pathology reports were used to
determine the presence of cirrhosis, the modified Paris criteria
and the recently published AIH-PBC criteria by Zhang et al.3,4,10

Statistical analysis

All data are presented as median (IQR) unless specified
otherwise. Variables were corrected for the upper or lower limit
of normal. For continuous variables, the Mann-Whitney U test
was used. The Chi-square test was used for categorical vari-
ables. Kaplan Meier curves, log-rank test, and univariate Cox
24. vol. 6 j 101088 2



Clinical AIH-PBC variant diagnosis
and eligible for inclusion (n = 86)

Included (n = 83)

Paris criteria
• Yes n = 17 (24%)
• No n = 55 (76%)
• Missing data n = 11

•
•
•

Zhang criteria
Yes n = 52 (70%)
No n = 22 (30%)
Missing data n = 9

Insufficient data 
treatment (n = 3)

Fig. 1. Flowchart of included patients with AIH-PBC under combination
therapy. AIH-PBC, autoimmune hepatitis – primary biliary cholangitis
variant syndrome.

Research article
regression analysis were used for analysis of survival and
development of cirrhosis where appropriate. Multivariate Cox
regression analysis was used to correct for known factors
associated with survival in AIH and PBC, including age,
cirrhosis and AP with a maximum of 1 variable per 10 events. p
values of <0.05 were considered statistically significant. All
statistical analyses were performed using IBM SPSS statistics
version 25 or higher (Chicago IL, USA) and GraphPad Prism 6.0
(La Jolla, CA, USA).

Results

Patients

Out of 1,331 patients from the national Dutch prospective
database, complemented by recruitment in seven academic
and three non-academic teaching hospitals in Belgium and the
Netherlands, a total of 86 patients with AIH-PBC variant syn-
drome under combination therapy, diagnosed between
October 1989 and January 2019, were identified (Fig. 1). After
exclusion of three patients with AIH-PBC because of missing
treatment data, 83 patients with AIH-PBC were included in the
present analyses. Diagnosis of AIH-PBC was made simulta-
neously in 56 patients (67%) and consecutively in 27 patients
(33%) with a prior diagnosis of PBC in 22 patients and AIH in
five patients. Median time between prior diagnosis and diag-
nosis of variant syndrome was 4 years (range: 7 months –

16 years).
Only 17 (24%) of the 72 patients with sufficient data to

determine the Paris criteria fulfilled the Paris criteria. Of the 55
patients outside of the Paris criteria, 28 patients fulfilled the
PBC items only, seven patients fulfilled the AIH items only and
20 patients did not fulfill either of the items (Table S3). The
Zhang criteria could not be calculated in nine patients due to
missing data, while 52 patients (70%) had probable or definite
AIH-PBC according to these criteria (>19 points; Fig. 1). Thirty-
five patients who did not fulfill the Paris criteria, did fulfill the
Zhang criteria. No patients fulfilled only the Paris criteria, but
not the Zhang criteria.

Nineteen patients (27%) presented with raised liver enzymes
without clinical symptoms. The most prevalent symptoms at
diagnosis were fatigue (n = 35; 52%), itching (n = 23; 34%) and
jaundice (n = 17; 21%). Twenty-four extrahepatic autoimmune
diseases were present in 22 patients (27% of all patients).
Thyroid disease was the most prevalent extrahepatic autoim-
mune disease in seven patients, followed by rheumatic disease
in six patients and skin disease in five patients. Twelve patients
(14%) had cirrhosis of whom one patient presented with asci-
tes. One patient presented with acute-severe AIH, accompa-
nied by antimitochondrial antibody positivity and obvious bile
duct injury on histology.

In line with the nature of the criteria, AST and ALT were
numerically higher, and IgG at diagnosis was significantly
higher inside the Paris criteria (Table 1) compared to patients
outside Paris criteria. Characteristics at diagnosis of AIH-PBC
were comparable between patients inside and outside the
Zhang criteria except for higher platelets, IgG and higher AST
among patients inside the Zhang criteria (Table S4).

No differences in baseline characteristics were found in
patients who fulfilled both the Paris criteria and the Zhang
JHEP Reports, July 2
criteria (n = 17) compared to patients who only fulfilled that
Zhang criteria (Table 2).

Liver histology

A liver biopsy had been performed in 80 patients (96%). For 59
patients, a liver biopsy specimen of good quality was available
for re-evaluation (Fig. S1). Fig. 2A shows the individual scores
in all patients with available material for interface hepatitis,
portal inflammation, lobular inflammation and bile duct injury.
The scores in each domain are independently categorized to
demonstrate the distributions across the cohort.

Mild, moderate or severe interface hepatitis was present in
27 (46%), 11 (19%) and 16 (27%) patients, respectively. In five
biopsies (9%), no interface hepatitis was identified. Severe
portal inflammation was present in 29 biopsies (49%) and se-
vere lobular inflammation in 12 biopsies (20%). Moderate and
severe bile duct injury was present in 28 biopsies (48%) and 16
biopsies (27%), respectively. No bile duct injury was identified
in three biopsies (5%). Bile duct injury could not be classified in
five biopsies (9%). Fig. 2B demonstrates fibrosis scores in the
available histopathology slides. Fibrosis could not be scored in
seven of the available biopsies. A score of F0 and F1 was
present in both 14 (26%) biopsies, F2 and F3 was scored in
6 (11%) and 10 (19%) biopsies and F4 was scored in
7 (13%) biopsies.

Liver histology within the Paris or Zhang criteria

For 12 of the 17 patients (71%) within the Paris criteria the liver
biopsy was available for re-evaluation. Moderate and severe
interface hepatitis was present in 3 (25%) and 9 (75%) patients,
respectively. For 46 of the 55 patients (84%) outside the Paris
criteria a liver biopsy was available for re-evaluation. Moderate
and severe interface hepatitis was present in 8 (17%) and
7 (15%) biopsies, respectively. Patients within the Paris criteria
more often had interface hepatitis (any severity), portal inflam-
mation, lobular inflammation and fibrosis at presentation
compared to patients outside the Paris criteria (p <0.001,
p = 0.002, p = 0.001 and p = 0.003, respectively). The same
differences were demonstrated when comparing patients who
024. vol. 6 j 101088 3



Table 1. Comparison between patients inside and outside the Paris criteria at time of diagnosis and after 12 months of combination therapy.

AIH-PBC inside Paris criteria AIH-PBC outside Paris criteria p value

N 17 55
Female (%) 17 (100%) 45 (82%) 0.10
Median age at diagnosis (IQR) 55 (17) 53 (14) 0.96
ANA 8 (36%) 19 (35%) 0.64
SMA 9 (53%) 18 (33%) 0.22
AMA 15 (88%) 40 (73%) 0.46
Liver cirrhosis 1 (6%) 8 (15%) 0.67

At time of diagnosis, median (IQR)
Bilirubin x ULN 0.8 (2.3) 0.9 (1.9) 0.86
Albumin x LLN 1.2 (0.2) 1.2 (0.2) 0.52
AST x ULN 4.2 (4.6) 2.8 (4.5) 0.11
ALT x ULN 5.4 (4.0) 3.5 (6.8) 0.22
AP x ULN 3.2 (2.5) 2.2 (2.8) 0.31
GGT x ULN 9.1 (9.9) 7.6 (14.2) 0.72
Platelets x LLN 2.0 (1.0) 1.7 (1.1) 0.32
IgG x ULN 1.6 (0.9) 1.0 (0.7) 0.026
GLOBE score 1.2 (2.7) 0.6 (3.2) 0.78

After 12 months, median (IQR)
AST x ULN 1.4 (1.9) 1.0 (0.9) 0.26
ALT x ULN 1.0 (2.3) 1.0 (1.2) 0.72
AP x ULN 1.2 (1.0) 1.1 (0.7) 0.47
GGT x ULN 2.2 (6.7) 2.0 (4.8) 0.94
IgG x ULN 1.0 (0.4) 0.8 (0.4) 0.002
GLOBE score 0.4 (2.1) -0.5 (1.4) 0.87

Level of significance: p <0.05 (Mann-Whitney U and Chi-square test where appropriate).
For 11 patients, it was not possible to determine the Paris criteria, since interface hepatitis could not be scored. It could not be scored because no liver biopsy was done at diagnosis
(n = 3), no interface hepatitis was seen in the re-evaluated biopsy (n = 5) or the material for re-evaluation was not available and the pathology report did not mention the amount of
interface hepatitis (n = 3).
AIH-PBC, autoimmune hepatitis – primary biliary cholangitis variant syndrome; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; ANA, anti-nuclear antibodies; AP,
alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; LLN, lower limit of normal; SMA, smooth muscle antibodies; ULN, upper limit of normal.

Table 2. Comparison between patients in- or ouside the Paris criteria and inside Zhang criteria at time of diagnosis and after 12 months of combina-
tion therapy.

AIH-PBC patients inside
Zhang criteria and inside

Paris criteria

AIH-PBC patients inside Zhang
criteria and outside

Paris criteria

p value

N 17 35
Female (%) 17 (100%) 30 (85.7%) 0.16
Median age at diagnosis (IQR) 55 (17) 54 (13) 0.74
ANA 8 (36%) 17 (49%) 0.80
SMA 9 (53%) 13 (37%) 0.32
AMA 15 (88%) 29 (83%) 1.00
Cirrhosis 1 (6%) 5 (14.3%) 0.66

At time of diagnosis, median (IQR)
Bilirubin x ULN 0.8 (2.3) 0.9 (2.2) 0.66
Albumin x LLN 1.2 (0.2) 1.1 (0.3) 0.93
AST x ULN 4.2 (4.6) 3.0 (5..3) 0.27
ALT x ULN 5.4 (4.0) 3.5 (8.8) 0.28
AP x ULN 3.2 (2.5) 2.1 (3.4) 0.34
GGT x ULN 9.1 (9.9) 7.6 (12.3) 0.63
Platelets x LLN 2.0 (1.0) 1.7 (0.9) 0.49
IgG x ULN 1.6 (0.9) 1.2 (0.6) 0.14
GLOBE score 1.2 (2.7) 1.9 (1.4) 0.61

After 12 months, median (IQR)
AST x ULN 1.4 (1.9) 1.0 (0.7) 0.17
ALT x ULN 1.0 (2.3) 0.9 (1.0) 0.42
AP x ULN 1.2 (1.0) 1.0 (0.9) 0.41
GGT x ULN 2.2 (6.7) 2.0 (7.9) 0.95
IgG x ULN 1.0 (0.4) 0.7 (0.4) 0.02
GLOBE score 0.4 (2.1) -0.5 (1.0) 0.60

Level of significance: p <0.05 (Mann-Whitney U and Chi-square test where appropriate).
AIH-PBC, autoimmune hepatitis – primary biliary cholangitis variant syndrome; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; ANA, anti-nuclear antibodies; AP,
alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; LLN, lower limit of normal; SMA, smooth muscle antibodies; ULN, upper limit of normal.

JHEP Reports, July 2024. vol. 6 j 101088 4
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Fig. 2. Histology scores. (A) Interface hepatitis, portal infiltrate, lobular infiltrate,
biliary damage and (B) fibrosis in available histopathology of patients with AIH-
PBC under combination therapy. AIH-PBC, autoimmune hepatitis – primary
biliary cholangitis variant syndrome.
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fulfilled both the Paris criteria and the Zhang criteria (n = 24) to
patients who only fulfilled the Zhang criteria (n = 28) (p = <0.001,
p = 0.015, p = 0.002 and p = 0.002, respectively).

Treatment

All patients with AIH-PBC were treated with glucocorticoids
and UDCA. Glucocorticoids consisted of prednisolone in 72
patients (87%; median 30 mg; IQR: 15-30 mg), budesonide in
five patients (6%) and solumedrol in six patients (7.2%).
Shortly after start of glucocorticoids, azathioprine was started
in 65 (78%) patients, other thiopurines in four patients (5%),
mycophenolate mofetil in three (4%) patients, tacrolimus in
one patient and cyclosporine in one patient. Second-line
immunosuppressive therapy was started in 19 (33%) pa-
tients during follow-up due to adverse effects of azathioprine
in 10 patients, lack of effect of azathioprine in two patients and
for unknown reasons in seven patients. Also, in seven patients
with AIH-PBC, second-line PBC treatment with bezafibrate
was started.

Twelve months after diagnosis, median ALT had
decreased from 3.6 to 0.97x ULN and median AST from 2.8 to
1.0x ULN. At 12 months after diagnosis, AST and ALT were
comparable between patients inside and outside the Paris
criteria (p = 0.26 and p = 0.72, respectively; Table 2). Applying
the Zhang criteria yielded similar results, no difference in AST
and ALT, however, patients inside the Zhang criteria
had higher IgG levels at 12 months (0.8x ULN vs. 0.5x ULN;
p = 0.009) (Table S4).

Patients inside the Paris and inside the Zhang criteria had
significantly higher IgG at 12 months compared to patients who
only fulfilled the Zhang criteria (1.0x ULN vs. 0.7x ULN; p = 0.02)
(Table 3). The treatment aim for the AIH component, complete
biochemical response at 12 months, was reached by 23 pa-
tients with AIH-PBC (29% Paris vs. 51% non-Paris; p = 0.21).
At 6 months, complete biochemical response was reached
in 17 patients with AIH-PBC (35% Paris vs. 28% non-Paris;
p = 0.55). The treatment aim for the PBC component, the
Paris-II criteria, was reached in 25 patients (43% Paris vs. 64%
non-Paris; p = 0.17).20 Twenty-two (39%) patients reached
the treatment aim for both AIH and PBC components after
12 months. Further details regarding response rates within the
Paris and Zhang criteria can be found in Table S5.
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In 18 (22%) patients, immunosuppressive therapy was
stopped completely during follow-up. Reason for discontinua-
tion was remission in 11 patients, doubt of variant diagnosis
due to lack of effect of treatment in three patients, adverse
effects in one patient, on patients own initiative in one patient
and unknown in two patients. Fourteen patients (78%),
including all three patients who stopped due to diagnostic
doubt, developed a relapse or loss of remission. Immunosup-
pressive therapy was restarted in 11 of the 14 patients.

Long-term outcome

During a median follow-up of 92 months (IQR: 46-155 months),
eight patients with AIH-PBC underwent a LT and eight patients
died (liver-related causes in four, other causes in three, and
unknown in one patient). None of the patients with liver-related
mortality had cirrhosis at diagnosis. The cumulative 10-year
LT-free survival estimate for AIH-PBC variant syndrome was
87.3% (95% CI 78.9–95.7%). LT-free survival was similar in
patients in and outside the Paris criteria (log-rank p = 0.46).
Comparable LT-free survival was also seen in patients inside
and outside the Zhang criteria (log-rank p = 0.40) and no dif-
ference was seen between patients who fulfilled only Zhang
criteria and not Paris criteria compared to patients who fulfilled
both (log-rank p = 0.49).

Reference cohorts

The reference cohorts with full details on treatment and
response included 396 patients with AIH with a median follow-
up of 118 months (IQR: 71-206 months) and 860 patients with
PBC with a median follow-up of 106 months (IQR: 57-170
months). Compared to those with AIH, patients with AIH-PBC
had lower serum bilirubin, ALT, AST and IgG levels, higher AP
and gamma glutamyltransferase (GGT), and less often cirrhosis.
Compared to those with PBC, patients with AIH-PBC had
higher bilirubin, ALT and AST, while AP and GGT were
similar (Table 3).

Treatment response in patients with AIH-PBC was similar
after 12 months of treatment compared to patients with AIH or
PBC (biochemical remission 46% vs. 47%; p = 0.82; Paris-II
criteria 56% vs. 55%; p = 0.87).

The cumulative 10-year LT-free survival estimate was
similar: 87.3% (95% CI 78.9–95.7%) in patients with AIH-PBC,
87.0% (95% CI 83.2–90.8%) in AIH and 81.1% (95% CI
77.9–84.3%) in PBC (Fig. 3A,B; p = 0.086 for AIH and p = 0.67
for PBC). Corrected for age and cirrhosis at diagnosis for AIH
and age and AP at diagnosis for PBC, risk of LT or mortality
remained similar (hazard ratio [HR] 1.51; p = 0.15 for AIH; HR
1.31; p = 0.38 for PBC; Table S6).

PBC with elevated IgG and aminotransferases

In patients with PBC, 74 of 860 (8.6%) had IgG >ULN and
aminotransferases of >2.5x ULN at diagnosis. In those 74 pa-
tients, age, bilirubin, AST and ALT at diagnosis did not differ
compared to patients with AIH-PBC, but cirrhosis was more
prevalent and AP, GGT and IgG were higher at diagnosis
(Table 4). Only 20 (30%) patients with PBC with elevated IgG
and aminotransferases reached sufficient treatment response
(Paris-II criteria) compared to 32 (56%) patients with AIH-PBC
(p = 0.003). Ten-year estimated LT-free survival in patients
024. vol. 6 j 101088 5



Table 3. Characteristics of patients with AIH-PBC under combination therapy.

AIH-PBC AIH p value 1 PBC p value 2

N 83 396 860
Female (%) 71 (86%) 303 (77%) 0.071 745 (87%) 0.78
Median age at diagnosis (IQR) 54 (15) 46 (32) <0.001 57 (17) 0.005
ANA 41 (58%) 244 (69%) 0.073 — —

SMA 28 (44%) 220 (64%) 0.003 — —

AMA 58 (76%) 14 (4%) <0.001 807 (94%) <0.001
Cirrhosis 12 (14%) 124 (32%) 0.002 38 (9%)3 0.14
Bilirubin x ULN 0.8 (1.9) 2.2 (8.1) <0.001 0.6 (0.48) <0.001
Albumin x LLN 1.2 (0.21) 1.1 (0.2) 0.059 1.1 (0.19) 0.22
AST x ULN 2.8 (4.5) 14.5 (24.4) <0.001 1.5 (1.2) <0.001
ALT x ULN 3.6 (6.2) 11.3 (22.7) <0.001 1.6 (1.7) <0.001
AP x ULN 2.2 (2.9) 1.5 (1.2) <0.001 2.1 (2.2) 0.47
GGT x ULN 7.6 (11.5) 3.6 (4.4) <0.001 6.2 (6.9) 0.088
Platelets x LLN 1.7 (1.0) 1.3 (0.82) <0.001 1.7 (0.71) 0.86
IgG x ULN 1.1 (0.79) 1.4 (0.9) <0.001 — —

GLOBE score at diagnosis -0.36 (2.0) — — -0.79 (1.4) 0.007
GLOBE score at 12 months -0.35 (1.3) — — 0.06 (1.1) 0.27

Level of significance: p <0.05. (Mann-Whitney U and Chi-square test where appropriate).
AIH, autoimmune hepatitis; AIH-PBC, autoimmune hepatitis – primary biliary cholangitis variant syndrome; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; ANA,
anti-nuclear antibodies; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; LLN, lower limit of normal; PBC, primary biliary cholangitis;
SMA, smooth muscle antibodies; ULN, upper limit of normal.
1P value comparing AIH-PBC with AIH. Level of significance: p <0.05. (Mann-Whitney U and Chi-square test where appropriate).
2P value comparing AIH-PBC with PBC. Level of significance: p <0.05. (Mann-Whitney U and Chi-square test where appropriate).
3Liver biopsy results were only available in 418 patients with PBC.

AIH-PBC under combination therapy
with PBC and elevated IgG and aminotransferases at diagnosis
– who did not receive immunosuppression – was lower (65%;
95% CI 52.2-77.8%) compared to patients with AIH-PBC
(87%; 95% CI 83.2-90.8% HR 0.52; p = 0.043; Fig. 4). Cor-
rected for age, the difference in LT-free survival was not sig-
nificant anymore (HR 0.54; p = 0.057; Table S6).

After 12 months of UDCA treatment, 38 patients with PBC
(4%) had IgG >ULN and aminotransferases of >2.5x ULN at
diagnosis. Ten-year estimated LT-free survival was only 49%
(95% CI 31.8-66.2%) in these patients with PBC compared to
87% in patients with AIH-PBC (p <0.001; Fig. S2).

Discussion
In this international, multicenter, cohort study, a discrepancy
was found between the clinical diagnosis of AIH-PBC variant
syndrome and the official Paris criteria: 24% of the clinically
diagnosed and accordingly treated patients with AIH-PBC
variant syndrome fulfilled the Paris criteria, endorsed by
various international guidelines for the diagnosis of AIH-
PBC.8,12 To the best of our knowledge our present study has
the largest reported representative reference cohorts of pa-
tients with AIH and PBC.

Although the Paris criteria are widely accepted, the sensi-
tivity of these criteria remains a topic of debate.2,6,21 Recently
Zhang et al. proposed other AIH-PBC criteria modifying the
revised AIH criteria such that features related to PBC receive
positive points instead of negative points.10 In our cohort more
patients (70%) fulfilled these revised criteria than the Paris
criteria, but still a large group of patients treated with combi-
nation therapy also did not fulfill these new criteria. The extent
of patients with AIH-PBC variant syndrome may not be accu-
rately assessed and a broader range of patients may benefit
from combination therapy. It is crucial to discern who may
benefit from combination therapy and which patients poten-
tially can experience adverse effects of immunosuppression,
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such as risk of osteoporosis, cataract, and diabetes mellitus,
without significant advantages as reported in AIH.13

Conversely, immunosuppressive treatment offers potential
benefits, such as reducing liver inflammation and achieving
biochemical remission, which are associated with decreased
disease progression and improved long-term survival in
AIH.22,23 In this study, patients with a clinical diagnosis of AIH-
PBC variant syndrome within and outside the Paris criteria
demonstrated similar treatment responses after 12 months and
long-term LT-free survival rates, which were also comparable
to treatment responses and LT-free survival in patients with AIH
and PBC. A relapse rate of 78% after discontinuation of
immunosuppression suggests that the majority of patients
clinically diagnosed with AIH-PBC benefitted from immuno-
suppression. A lower response rate at 12 months compared to
at 6 months was found for the AIH component in the patients
with AIH-PBC. Early tapering (within the first year) of immuno-
suppressive therapy may be associated with higher relapse
risks. However, our study lacks granular data to assess
whether this was the case. Interestingly, response rates found
in our study are relatively low. International guidelines state that
comparable response rates for the AIH component are found in
patients with AIH-PBC.8 In previously published studies,
similar, considerably lower response rates for AIH were
found.24,25 Compared to patients with PBC with elevated IgG
and aminotransferases before and during UDCA therapy
without immunosuppression, signs of hepatic inflammation,
treatment response and long-term survival were better in pa-
tients with AIH-PBC who received combination therapy. This
suggests that with the current criteria, this subgroup of patients
may have been wrongfully diagnosed as patients with PBC
instead of AIH-PBC variant syndrome. Although the difference
in LT-free survival was no longer significant after correction for
age, the difference observed in patients with PBC and severe
inflammation may be of clinical importance, since there may be
24. vol. 6 j 101088 6
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Fig. 3. Liver transplantation-free survival of patients with AIH-PBC under combination therapy. Compared to patients with (A) AIH and (B) PBC. AIH, autoimmune
hepatitis; AIH-PBC, autoimmune hepatitis – primary biliary cholangitis variant syndrome; PBC, primary biliary cholangitis.
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therapeutic consequences for this particular subset of patients.
Due to the limited number of events, correction for the pres-
ence of cirrhosis was not possible. The possible effect of
JHEP Reports, July 2
cirrhosis may be considered relevant when comparing these
two subsets of patients. Indeed, commonly used guidelines
recommend a liver biopsy to rule out AIH-PBC variant
024. vol. 6 j 101088 7



Table 4. Baseline characteristics and treatment response of patients with AIH-PBC under combination therapy and patients with PBC with elevated IgG
and aminotransferases.

AIH-PBC PBC with elevated IgG and
aminotransferases1

p value

N 83 74
Female (%) 71 (86%) 64 (86%) 0.86
Median age at diagnosis (IQR) 53.5 (15) 54.5 (17) 0.72
AMA 58 (76%) 71 (96%) 0.001
Liver cirrhosis 12 (14%) 15 (29%) 0.036

At time of diagnosis, median (IQR)
Bilirubin x ULN 0.82 (1.94) 0.88 (0.77) 0.40
Albumin x LLN 1.18 (0.21) 1.09 (0.19) 0.021
AST x ULN 2.8 (4.5) 2.7 (0.95) 0.42
ALT x ULN 3.6 (6.2) 3.4 (2.0) 0.62
AP x ULN 2.2 (2.9) 4.2 (3.9) <0.001
GGT x ULN 7.6 (11.5) 10.5 (12.1) 0.045
Platelets x LLN 1.75 (1.03) 1.74 (0.95) 0.93
IgG x ULN 1.13 (0.79) 1.39 (0.67) <0.001
GLOBE score -0.36 (2.0) -0.62 (1.6) 0.36

After 12 months, median (IQR)
AST x ULN 1.03 (1.34) 1.36 (1.17) 0.52
ALT x ULN 0.97 (1.87) 1.43 (1.23) 0.20
AP x ULN 1.11 (0.94) 1.86 (2.30) <0.001
GGT x ULN 2.26 (4.82) 2.20 (4.14) 0.76
IgG x ULN 0.73 (0.55) 1.23 (0.59) <0.001
GLOBE score -0.35 (1.3) -0.08 (1.27) 0.85

Level of significance: p <0.05. (Mann-Whitney U and Chi-square test where appropriate).
AIH, autoimmune hepatitis; AIH-PBC, autoimmune hepatitis – primary biliary cholangitis variant syndrome; ALT, alanine aminotransferase; AMA, antimitochondrial antibodies; ANA,
anti-nuclear antibodies; AP, alkaline phosphatase; AST, aspartate aminotransferase; GGT, gamma glutamyltransferase; LLN, lower limit of normal; PBC, primary biliary cholangitis;
SMA, smooth muscle antibodies; ULN, upper limit of normal.
1PBC patients with IgG > ULN and AST and/or ALT > 2.5 × ULN at diagnosis.
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syndrome. Unfortunately, the retrospective design of this study
did not allow us to obtain histological data from this subset of
patients to compare and evaluate the possibility of missed AIH-
PBC variant syndrome.

The retrospective study design means that only association
and not causation can be inferred from the results. Note that all
comparisons can only be made in an indirect manner. It is
possible that associations may be the result of an effect of
other variables that differ between exposed and non-exposed
individuals. Additional data from before the variant syndrome
diagnosis for patients with a consecutive AIH-PBC variant
diagnosis might have strengthened this study. While a
randomized-controlled trial would offer a more robust study
design, it is unlikely to be conducted for patients with AIH-PBC
in the foreseeable future. As an alternative, multicenter cohort
studies emerge as the next best option for gaining a better
understanding of the spectrum between AIH and PBC, as well
as for improving treatment strategies and patient outcomes.
More importantly, consensus on the diagnostic criteria and
management of AIH-PBC should be established among ex-
perts in the field as this remains a controversial issue.

The efficacy of immunosuppression in patients with PBC
has been assessed in randomized-controlled trials. Two
studies with budesonide demonstrated improved liver biopsy
outcomes compared to the control group.26,27 Another study
indicated a significant albeit minimal reduction in AP levels.28 In
a comparative study between UDCA monotherapy and a
combination of UDCA, prednisolone, and azathioprine, symp-
tomatic and laboratory improvements were observed.29 More
recently, a randomized-controlled trial in PBC revealed no
significant histological differences with or without budesonide,
but there was a notable improvement in AP levels among pa-
tients receiving budesonide.30 These studies with immuno-
suppression in all patients with PBC leave the option open that
a subset might have benefitted from immunosuppression.
Additionally, it should be recognized that with the availability of
second-line therapies for PBC, namely fibrates and obeticholic
acid, treatment regimens have advanced significantly
for PBC.31–34

In the study cohort, 96% of patients underwent a liver bi-
opsy at diagnosis. Although required by the guidelines, the
absence of liver histology (at diagnosis or at re-evaluation)
may be considered a limitation of this study. In our study,
we found that only 27 of 59 patients with a liver biopsy
available for re-evaluation had moderate or severe interface
hepatitis, a mandatory feature in the Paris criteria.4,8,12 In five
patients, no interface hepatitis was detected. However, these
patients did show mild (n = 3) or moderate (n = 2) lobular
inflammation. Despite not fulfilling the histological criteria,
JHEP Reports, July 2
these patients do exhibit some form of hepatic inflammation,
suggesting that a AIH-PBC variant syndrome should not be
ruled out. Indeed, all patients fulfilling the Paris criteria had at
least moderate interface hepatitis on liver histology. Research
shows that patients with severe interface hepatitis in particular
seem to benefit from combination therapy.11 In a recent crit-
ical appraisal concerning the histological features of AIH, the
presence of plasma cell clusters (defined as a collection of >−5
plasma cells) in the lobule was the most sensitive diagnostic
finding.35 Additionally, a recent consensus regarding the
uniformity of histological criteria in AIH described AIH to be
histologically likely when a predominantly portal lympho-
plasmacytic hepatitis is observed, along with more than mild
interface activity.36 Future studies should further investigate
the role of the inflammatory infiltrate and other histological
characteristics, using the mHAI.37

In patients with PBC who exhibit signs of hepatic inflam-
mation, exemplified by elevated aminotransferases, a liver bi-
opsy should initially be contemplated (as also recommended in
the British PBC guidelines38). Second-line cholestasis therapy
(e.g., fibrates and obeticholic acid) should then be considered
first, unless there is a clear suspicion of AIH (i.e., presence of
antibodies). Then, a trial of glucocorticoids may be initiated. If
there is no improvement in liver biochemistry, discontinuation
of glucocorticoid treatment should be considered to mitigate
the risk of long-term side effects. Conversely, if liver
biochemistry improves, the addition of thiopurines could be
considered as a means to reduce the use of glucocorticoids.
Addition of UDCA to immunosuppression in patients with AIH
may be justified in case of significantly elevated cholestatic
markers. It should be noted that in patients with acute-severe
AIH, cholestatic markers may ameliorate after initiating immu-
nosuppressive treatment, thereby rendering treatment with
UDCA no longer necessary. Expert consensus on the optimal
treatment strategy is still required.

In this cohort of patients with AIH-PBC under combination
therapy, the clinical practice in the Netherlands and Belgium
does not match the use of existing criteria. Patients with clini-
cally diagnosed AIH-PBC variant syndrome are often treated
with combination therapy, despite not fulfilling the diagnostic
criteria, with similar long-term outcomes. Better expert
consensus is needed since the prevalence of AIH-PBC variant
syndrome may be underestimated. Patients with PBC and
signs of hepatic inflammation and elevated IgG have a poorer
clinical course compared to those with treated AIH-PBC variant
syndrome and compared to other PBC patients when treated
with UDCA monotherapy. This indicates that more patients
than those who meet the existing criteria may benefit from
combination therapy.
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