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Introduction

The term “overlap syndrome” (OS) is used to describe 
conditions that exhibit biochemical, serologic, immunologic, 
histologic, or cholangiographic features of more than one of 
the three autoimmune liver diseases (AILDs): autoimmune 
hepatitis (AIH), primary biliary cholangitis (PBC) and 
primary sclerosing cholangitis (PSC) (1,2). Although the 
precise mechanism underlying the pathogenesis of these 
conditions is unknown, it is postulated that environmental 
triggers, genetic predisposition, and defects in immune 
tolerance mechanisms play a role in their development (3). In 

AIH, antibody and T-cell-mediated attack on liver-specific 
targets leads to injury primarily in the portal areas; however, 
some patients may exhibit weakly positive antimitochondrial 
antibodies and mild bile duct injury, leading to inflammation 
and fibrosis (4,5). AIH is predominantly associated with 
a hepatocellular pattern of injury, whereas PBC and PSC 
tend to have a cholestatic pattern of liver injury affecting 
the cholangiocytes, with a mild degree of parenchymal 
damage (5). Nevertheless, instances where AIH presents 
with a cholestatic pattern have been observed (6). Table 1 
summarizes the general characteristic features of each of 
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Table 1 Characteristic clinical and serological features of autoimmune liver conditions

Characteristics Autoimmune hepatitis Primary biliary cholangitis Primary sclerosing cholangitis

Gender Females > males Females > males Males > females

Type of liver injury Hepatocellular Cholestatic Cholestatic

Disease-specific  
antibodies

ASMA AMA p-ANCA

Anti-sp100 antibody

Anti-gp120 antibody

Immunoglobulins Increased IgG Increased IgM Increased IgG and IgM

Magnetic resonance 
cholangiopancreatography

Normal Normal Multifocal stricturing throughout 
the hepatobiliary tree

Inflammatory bowel disease Low prevalence (3–10%) Not present High prevalence (80%)

Liver histology Lymphoplasmacytic infiltrate in the 
portal area and interface hepatitis

Lymphoplasmacytic infiltrate in the 
portal region and interface hepatitis

Onion skin periductal fibrosis

Medical therapy Steroids + immunosuppressive 
agents

Ursodiol Ursodiol (off-label)

Obeticholic acid (second line)

Fibrates (off-label)

Elafibranor (second line)

Fibrates (second line, off label)

AMA, anti-mitochondrial antibody; ASMA, anti-smooth muscle antibody; IgG, immunoglobulin G; IgM, immunoglobulin M; p-ANCA, 
perinuclear antineutrophil cytoplasmic antibody.

these autoimmune conditions.
OS with predominant AIH characteristics can be further 

classified into three categories based on the concomitant 
cholestatic disorder (6). These include AIH-PBC, AIH-
PSC and AIH-cholestatic syndrome (Figure 1). The term 
AIH-cholestatic syndrome is used to classify patients with 
AIH who also exhibit cholestatic patterns of liver injury 
yet lack the serologic, histologic, or cholangiographic 
features typical of PBC and PSC, for example, in cases of 
autoimmune cholangitis and anti-mitochondrial antibody 
(AMA)-negative PBC (7). An overlap between PBC and 
PSC is exceedingly rare, with only a limited number of 
cases documented in literature (Figure 2) (8). Additionally, 
some patients may transition from one autoimmune liver 
condition to another, suggesting that OS could represent 
an intermediate stage in disease progression; therefore, it 
is imperative to identify these patients at an earlier stage to 
prevent adverse outcomes (9,10). Currently, the diagnostic 
criteria for overlap remain undefined, but it is advisable to 
consider OS in patients with classical serologic, clinical, 
or biochemical findings of more than one AILD (6). This 
consideration is particularly important in patients who 

demonstrate an inadequate response to conventional therapy 
(7,11). The classification and guidelines for detecting OS 
are further discussed in Table 2. This review will discuss the 
various types of OS and the therapeutic approaches utilized 
in their management. 

AIH-PBC OS

Diagnostic criteria

The diagnosis of AIH-PBC OS is guided by several 
diagnostic criteria including the Paris Criteria, the 
International Autoimmune Hepatitis Group scoring system 
(IAIHG), the Revised IAIHG scoring system, and the 
simplified IAIHG scoring system (12-15). Notably, The 
Paris criteria is recognized for its excellent sensitivity and 
specificity in diagnosing OS and requires the presence of 
2 out of 3 criteria from each disease to be diagnosed with 
OS (15) (Table 2). Additionally, the presence of moderate 
or severe interface hepatitis is necessary for the diagnosis 
of OS. Both the European Association for the Study of 
the Liver (EASL) and the American Association Society of 
Liver Diseases (AASLD) recommend using this criterion 
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Figure 1 Various types and stages of overlap syndromes from various tests including MRCP or ERCP, AMA, and ASMA. AIH, autoimmune 
hepatitis; AMA, antimitochondrial antibody; ASMA, anti-smooth muscle antibody; ERCP, endoscopic retrograde cholangiopancreatography; 
MRCP, magnetic resonance cholangiopancreatography; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis.

Figure 2 Visual representation of the prevalence of overlap syndromes and key characteristics of each condition. It is of note that there 
are few reported cases of PSC-PBC overlap. AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine transaminase; AMA, 
anti-mitochondrial antibody; ANA, anti-nuclear antibody; ASMA, anti-smooth muscle antibody; IBD, inflammatory bowel disease; IgG, 
immunoglobulin G; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; ULN, upper limit of normal.

Patients with AIH, PBC or PSC

Features of both hepatocellular 
and cholestatic injury

AIH-PBC overlap 
syndrome

Small-duct PSC-AIH 
(confirm by liver biopsy)

•	 MRCP/ERCP negative
•	 AMA positive
•	 ASMA positive

AIH-PBC overlap syndrome

Confirm using Paris criteria

•	 MRCP/ERCP positive
•	 AMA positive
•	 ASMA negative

PBC-PSC overlap 
syndrome (very rare)

•	 MRCP/ERCP positive
•	 AMA negative
•	 ASMA positive

AIH-PSC overlap syndrome

•	 MRCP/ERCP negative
•	 AMA negative
•	 ASMA positive

AIH-cholestatic syndrome

Inflammatory bowel disease

AIH > PBC or PBC > AIH (treat 
the predominant condition)

AMA negative PBC 
(confirm with gp-120 

and sp-100 antibodies)

MRCP/ERCP, AMA, ASMA

Yes No

AIH
•	 ALT >5 x ULN
•	 IgG ≥2 x ULN
•	 ANA and/or 

ASMA is positive

PBC
•	 ALP >5 x ULN
•	 IgG ≥2 x ULN
•	 AMA is negative

PSC
•	 ALP >2 x ULN
•	 IBD is present
•	 Multiple strictures 

on cholangiogram

2–19%7–14%
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Table 2 Diagnostic criteria used in the diagnosis of PBC-AIH overlap syndrome. IAIHG recommends against the use of their criteria for the 
diagnosis of overlap syndromes

Paris criteria IAIHG scoring system Revised IAIHG scoring system Simplified IAIHG scoring system

Recommended to be used  
for the diagnosis of PBC-AIH

Not recommended to be used 
for the diagnosis of PBC-AIH

Not recommended to be used 
for the diagnosis of PBC-AIH

Not recommended to be used 
for the diagnosis of PBC-AIH

At least 2 out of 3 criteria for  
PBC and AIH with AASLD and 
EASL guidelines recommending 
interface hepatitis to be present

Definite AIH (without steroid 
treatment) >15; definite AIH 
(after steroid treatment) >17

Definite AIH >15;  
probable AIH 10–15

Definite AIH ≥7;  
probable AIH ≥6

AIH: (I) ALT >5 times ULN; (II) 
IgG >2 times ULN; (III) interface 
hepatitis (moderate/severe) on 
liver biopsy

Female gender +2 Female gender +2

PBC: (I) presence of 
antimitochondrial antibody; (II) 
ALP >2 ULN or gamma glutamyl 
transaminase >5 ULN; (III) florid 
bile duct lesions on liver biopsy

ALP:AST (or ALT) ratio:  
(I) <1.5=2; (II) 1.5–3=0;  
(III) >3=−2

ALP:AST ratio: (I) <1.5=2;  
(II) 1.5–3=0; (III) >3=−2

ANA or SMA: (I) ≥1:40 =1;  
(II) ANA or SMA ≥1:80 or LKM1 
≥1:40 or SLA-positive =2

Serum IgG levels: (I) >2=3;  
(II) 1.5–2=2; (III) 1–1.5=1;  
(IV) <1=0

Serum IgG levels: (I) >2=3;  
(II) 1.5–2=2; (III) 1–1.5=1;  
(IV) <1=0

Serum IgG: (I) > ULN =1;  
(II) >1.1 times ULN =2

ANA, SMA or LKM1:  
(I) >1:80=3; (II) 1:80=2;  
(III) 1:40=1; (IV) <1:40=0

ANA, SMA or LKM1:  
(I) >1:80=3; (II) 1:80=2;  
(III) 1:40=1; (IV) <1:40=0

Histologic findings:  
(I) compatible with AIH =1;  
(II) typical with AIH =2

Hepatotoxic drug history:  
(I) positive =−4; (II) negative =2

Illicit drug use:  
(I) positive =−4; (II) negative =1

Hepatitis viral markers: 
negative =+2

Daily alcohol intake:  
(I) <25 g/d =2; (II) >60 g/d=−2

Daily alcohol intake:  
(I) <25 g/d =2; (II) >60 g/d=−2

AMA positivity =−4 AMA positivity =−4

Other autoimmune diseases =2 Other autoimmune diseases =2

Hepatitis viral markers:  
(I) positive =−3; (II) negative =3

Hepatitis viral markers:  
(I) positive =−3; (II) negative =3

Histologic findings:  
(I) interface hepatitis =3;  
(II) lymphoplasmacytic infiltrate 
=1; (III) rosette formation =1; 
(IV) none of the above =−5;  
(V) biliary changes =−3;  
(VI) atypical changes =−2

Histologic findings:  
(I) interface hepatitis =3;  
(II) lymphoplasmacytic 
infiltrate =1; (III) rosette 
formation =1; (IV) none of the 
above =−5; (V) biliary changes 
=−3; (VI) other changes =2

Response to therapy:  
(I) remission =2; (II) relapse =3

HLA-DR3 or DR4 =1

AASLD, American Association for Study of Liver Disease; AIH, autoimmune hepatitis; ALP, alkaline phosphatase; ALT, alanine 
transaminase; AMA, anti-mitochondrial antibody; ANA, antinuclear antibody; AST, aspartate transaminase; EASL, European Association 
for Study of the Liver; HLA, human leucocyte antigen; IAIHG, International Autoimmune Hepatitis Group; IgG, immunoglobulin G; LKM, 
liver kidney microsome antibody; PBC, primary biliary cholangitis; SLA, soluble liver antigen; SMA, smooth muscle antibody; ULN, upper 
limit of normal.
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for the diagnosis of OS (16,17).
The remaining scoring systems were originally developed 

by experts to facilitate the comparison of AIH across 
multiple studies, however they have been used to diagnose 
OS in patients with established PBC (12,13,18). Given 
that these scoring systems were intended specifically to 
differentiate AIH from other diagnosis, their efficacy in 
diagnosing OS has not been substantiated. Therefore, the 
IAIHG recommends against the use of these criteria to 
diagnose OS. Despite these recommendations, multiple 
studies have compared Paris criteria to various IAIHG 
scores and have reported conflicting results (12,14). A 
Dutch study comparing 134 patients with PBC, AIH, and 
PBC-AIH patients reported Paris criteria to have sensitivity 
and specificity of 92% and 97% respectively (14). Another 
study of 368 patients with PBC conducted at the Mayo 
Clinic has reported a simplified IAIHG scoring system 
to have more specificity than the revised IAIHG scoring 
system (13).

New scores are currently being developed to differentiate 
OS from PBC and AIH. Recently Wang et al. reported that 
patients with OS exhibited higher immunoglobulin G (IgG) 
levels compared to patients with PBC, suggesting elevated 
IgG levels should prompt consideration for the diagnosis 
of OS (15). They also reported that the five strongest 
predictors to differentiate PBC from OS were alpha-
fetoprotein, activated partial thromboplastin time (APTT), 
globulin, IgG, and immunoglobulin M (IgM). Another 
report by Zhang et al. developed a scoring classification 
based on biochemical, immunologic and histologic features 
of AIH and PBC to differentiate PBC from OS (16). While 
the Paris criteria demonstrate excellent sensitivity and 
specificity for diagnosing OS, it may not adequately capture 
patients with less severe forms of AIH-PBC OS. Therefore, 
further studies are needed to develop more refined tools 
that can help differentiate OS for AIH and PBC. 

Epidemiology

Despite PBC-AIH being recognized as the most common 
type of overlap, accurately estimating its global prevalence 
remains challenging due to the variability in diagnostic 
criteria across different studies (17,19). Based on studies 
conducted at smaller medical centers, the prevalence of OS 
has been reported to range from 2.1% to 19.3% (20,21). 
Muratori et al. studied 235 consecutive patients with AILD 
and reported the prevalence of OS to be 2.1% using the 
IAIHG criteria (20). In contrast, Silveira et al. reviewed 

135 patients with AILD using the revised IAIHG criteria 
and reported the prevalence of OS to be 19.3% (21).  
Yet when applying the Paris criteria, the prevalence has 
been estimated to be 4.8–9.2% (22,23). The variability in 
these findings can be explained by overdiagnosis of OS 
and underscores the need for further studies to accurately 
estimate the global prevalence of AIH-PBC OS, however, 
achieving this goal will require a consensus on the 
diagnostic criteria.

It is noteworthy that both PBC and AIH have a female 
predominance (17,19). A systematic review of 17 studies 
on PBC-AIH reported that women constituted between 
87% and 100% of the cases (24). Additionally, disparities 
in complications from OS have been observed based on 
race. A study by Levy et al. reported that patients with PBC 
of Hispanic ethnicity were more likely to have additional 
autoimmune features and higher frequency of complications 
such as ascites, esophageal varices, and encephalopathy (25). 
The underlying mechanisms driving these findings remain 
unclear and further studies are needed to elucidate the 
reasons behind these disparities. 

Clinical features and serology

Some patients with PBC-AIH OS can concurrently exhibit 
features of both autoimmune conditions at the time of 
diagnosis, while others may present with one condition 
and subsequently develop features of the other as the 
disease progresses (26). A study by Efe et al. collected 
data from 1,065 patients with PBC and AIH revealed that 
1.8% of patients developed OS (26). Patients with PBC 
who develop OS had a higher prevalence of positive anti-
smooth muscle antibody (ASMA) and moderate/severe 
interface hepatitis on their biopsy. Another study by 
Muratori et al. reported that patients with OS had higher 
rates of concomitant AMA and anti-double stranded 
DNA compared to patients with PBC or AIH alone (20). 
Reports also show that the presence of autoantibodies 
against soluble liver antigen (SLA)/liver pancreas (LP) 
and double stranded DNA is associated with the presence 
of AIH in patients with PBC (27). Therefore, testing for 
these autoantibodies should be considered in the workup 
of PBC patients with suspected AIH.

A recent study using the National Inpatient Sample 
database reported that patients with OS exhibit a markedly 
higher prevalence of complications such as ascites, hepatic 
encephalopathy, hepatorenal syndrome, and spontaneous 
bacterial peritonitis compared to patients with PBC and 
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AIH alone (28). While a study by Chazouillères et al. 
reported that patients with PBC/AIH OS have higher rates 
of progression to cirrhosis-related complications (22). It 
has been suggested that overlapping immune-mediated 
processes in patients with OS can accelerate fibrogenesis in 
the liver (28). Patients with PBC/AIH OS have decreased 
5-year adverse event-free survival than patients with PBC. 
In a study of 323 patients with PBC and OS reported that 
58% of patients with OS had a 5-year adverse event-free 
survival compared to 81% of patients with PBC alone (29). 

Management

Due to the low prevalence of PBC/AIH OS, randomized 
controlled trials are difficult to design and pose significant 
challenges, particularly with patient enrollment. Therefore, 
most evidence regarding the treatment of OS is derived 
from retrospective case series or clinical anecdotes and 
observations. For PBC, standard first-line treatment begins 
with ursodeoxycholic acid (UDCA), or ursodiol, at a dose 
of 13–15 mg/kg/day. Treatment for AIH encompasses 
immunosuppressive agents such as corticosteroids, 
azathioprine, mycophenolate mofetil (MMF) and tacrolimus 
(30,31). In some patients, UDCA therapy alone can induce 
biochemical remission of OS, although, most patients 
require a combination therapy with immunosuppressive 
agents (12,23). In the study by Chazouillères et al. of  
17 patients with OS, the use of combination therapy was 
associated with a reduction in fibrosis progression compared 
to patients on UDCA alone (31). Azathioprine and MMF are 
accepted anti-proliferative agents for patients who require 
long-term immunosuppression (12). The EASL guidelines 
recommend combination therapy with UDCA and 
immunosuppression for the management of OS, particularly 
for patients who meet the Paris Criteria and exhibit 
severe interface hepatitis (12). Patients with moderate 
interface hepatitis should be considered for treatment, 
whereas the potential benefit of immunosuppressive 
therapy in patients with mild interface hepatitis remains 
uncertain, especially given the risk of osteoporosis.  
For patients who have features suggestive of OS but fail to 
meet the Paris criteria, initial treatment should prioritize 
the management of the predominant condition. However, 
given the low risk of adverse effects and potential benefit 
of UDCA, it may be advisable to include it in the initial 
treatment in patients with predominant AIH who fail to 
meet the Paris criteria. For patients with predominant 
PBC features who fail to meet the Paris criteria, the EASL 

guidelines suggests initiating UDCA monotherapy with 
consideration of adding immunosuppressants if the patient 
fails to show any improvement (12). 

AIH-PSC OS

Epidemiology

Among patients diagnosed with PSC, the occurrence of AIH-
PSC has been reported to range between 7–14% (12). Similar 
to PSC, this OS has been reported to be more common 
among males as evidenced by a meta-analysis of 109 patients 
with PSC-AIH, which also reported a higher prevalence 
of men in the study population (32,33). Additionally, just 
like PSC, PSC-AIH has also been reported to be a disease 
of younger populations with studies reporting mean age of  
25.2 years in the study population (34,35).

The prevalence of abnormal cholangiography suggestive 
of PSC in patients with AIH varies across studies and is 
influenced by factors such as patient age and the presence 
of inflammatory bowel disease (IBD) (36,37). In younger 
patients with AIH, the prevalence has been reported to 
be as high as 50%, while the prevalence in adults has 
been reported to be between 2–10% (34,36,38-41). Up to 
41% of patients with AIH and ulcerative colitis may have 
cholangiographic findings suggestive of PSC (37). Given the 
strong association between PSC and IBD, a cholangiogram 
should be performed in any IBD patient presenting with a 
cholestatic pattern liver enzyme elevation (42). Additionally, 
a cholangiogram should also be considered in patients with 
IBD and a hepatocellular injury pattern , once additional 
causes of liver disease have been excluded (36). Furthermore, 
some studies have also suggested that patients with an 
original diagnosis of AIH but who are subsequently noted to 
have PSC on cholangiography should be reclassified as PSC, 
if PSC was not excluded initially (12). 

Diagnostic criteria

The OS are relatively well defined compared to AIH-PBC 
OS (43). The diagnosis of AIH-PSC OS requires: 
	 A probable or definite diagnosis of AIH in accordance 

with the IAIHG criteria (interface hepatitis should 
be present);

	 Cholangiographic evidence of multifocal bile duct 
strictures;

	 Commonly they have concurrent IBD, but its 
presence is not necessary for diagnosis;
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	 Negative AMA.

Clinical features and natural history

Like AIH-PBC, the development of AIH-PSC OS 
can occur sequentially with AIH often being the initial 
presentation and PSC emerging later in the disease course. 
However, it is rare for PSC to precede AIH, although 
simultaneous presentation of both conditions is possible (4).

The data regarding the natural history of AIH-PSC OS 
has been primarily elucidated through small retrospective 
studies. In a study by Deneau et al. involving 781 patients, 
it was observed that 33% of children with PSC can have 
overlapping features of AIH (39). Here, patients with OS 
experienced the same incidence of adverse outcomes as PSC 
patients with overlap (39). Similarly, liver transplantation 
(LT) rates have also been reported to be similar in adult 
patients with PSC and AIH-PSC OS (44,45). 

A meta-analysis involving 109 patients identified diarrhea, 
fatigue, jaundice and pruritus as the most commonly 
reported symptoms at presentation (32). It is important 
to note that these findings are derived from case series. 
However, it is posited that most patients are diagnosed 
at an earlier stage, when they are still asymptomatic but 
have laboratory abnormalities such as an elevated ALP or 
abnormal cholangiogram findings in patients with history 
of AIH or through concomitant elevation of ALP, AST and 
ALT with biopsy findings suggestive of both PSC and AIH 
(46,47).

Patients with AIH/PSC have been reported to have 
poorer long-term survival compared to patients with AIH 
alone (48). A study by Al-Chalabi et al. noted that patients 
with AIH-PSC had higher rates of liver related mortality 
and LT compared to patients with AIH alone (33% vs. 8%, 
P=0.05) (48). Nevertheless, studies have reported better 
survival outcomes in patients with AIH-PSC than those 
with PSC alone (49,50).

Management

The data regarding the role of immunosuppression in 
patients with AIH/PSC OS is variable (51). Corticosteroids 
have been reported to be beneficial in improving ALT and 
bilirubin levels in patients with PSC who have histological 
features of AIH (52-54). It has been reported that the rates 
of remission in patients with AIH/PSC is lower than those 
with classical AIH (49). Additionally, a small case series 
documented the emergence of PSC in patients previously 

treated for AIH despite the administration of adequate 
immunosuppression (2,55).

Azathioprine and MMF have been utilized as “steroid 
sparing” agents in a manner analogous to their application 
in isolated AIH (24,56). A small case series involving  
4 patients who were either non responders to or intolerant 
of AZA demonstrated that treatment with MMF resulted 
in a biochemical response in all patients, with three out of 
four patients achieving complete remission (57). However, 
there remains a paucity of data regarding the efficacy of 
tacrolimus in the treatment of PSC/AIH OS. 

UDCA is not approved for the treatment of PSC but is 
commonly used off-label at a dosage of 13–15 mg/kg/day (58).  
The efficacy of UDCA in patients with OS has been 
reported to have conflicting results (58,59). EASL 
guidelines recommend a combination of UDCA and 
immunosuppressive agents for managing patients with AIH/
PSC (58). This combination is theoretically advantageous as 
it targets both the hepatocellular and cholestatic injury (24). 

In patients with advanced liver disease, LT remains 
the only available treatment option (60,61). A small 
comparative study of patients with AIH-PBC, AIH-PSC 
and AIH-small duct PSC reported no significant difference 
in survival rates among these three groups. However, it 
was noted that patients with AIH-PSC were more likely to 
require LT compared to those with AIH-PBC (62). Another 
study reported that while the graft and patient survival 
rates are similar among patients with AIH/PSC, AIH and 
PSC, patients with AIH/PSC are at higher risk of disease 
recurrence following transplantation (63). 

Immunoglobulin G subclass 4 (IgG4) levels in PSC

A distinct subset of patients with PSC and elevated IgG4 
levels have been defined recently (64). These patients must 
be carefully distinguished from patients with IgG4-related 
autoimmune cholangitis (IgG4-AIC) which is a subset of 
IgG4-related disease (Table 3). 

IgG4-AIC

IgG4-AIC is characterized by chronic inflammation and 
fibrosis of the bile ducts (64). Clinically, IgG4-AIC can 
present with features that overlap with PBC and PBC (65). 
While elevated IgG4 levels are indicative, not all patients 
present with elevated levels. For this reason, a definitive 
diagnosis often requires histological confirmation of 
lymphoplasmacytic infiltration with IgG4-positive plasma 
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Table 3 Distinguishing features between IgG4-AIH and PSC with elevated IgG4

Characteristics IgG4-AIC PSC with elevated IgG4

Age Greater than 60 years old Less than 50 years old

Association with IBD Rare 80% of cases

Pancreatic involvement Seen in 90–95% Rare

Serology Elevated IgG4 levels >2 times upper normal limit Serum IgG4 <2 times upper normal limit

Histology Lymphoplasmacytic infiltrate with predominant  
IgG4-positive plasma cells

Periportal sclerosis and “onion ring fibrosis” without 
predominant IgG4 positive plasma cell infiltrate

Treatment Corticosteroids (first line) High dose corticosteroid trial

Immunomodulators such as azathioprine (second line) UDCA use controversial

Rituximab for refractory or relapsing disease Low dose UDCA (13–15 mg/kg)

High dose UDCA (28–30 mg/kg) is toxic in PSC

AIC, autoimmune cholangiopathy; AIH, autoimmune hepatitis; IBD, inflammatory bowel disease; IgG, immunoglobulin G; PSC, primary 
sclerosing cholangitis; UDCA, ursodeoxycholic acid.

cells and associated fibrosis (66).

Management 

Corticosteroids have been shown to be highly effective in 
alleviating inflammation and curbing disease progression (67). 
In patients with an inadequate response to corticosteroids, 
immunosuppressive agents can be used as an adjunctive 
therapy (67). 

PSC with elevated IgG4

Several retrospective studies report that approximately 
10–27% of PSC patients exhibit elevated IgG4 levels  
(68-71). PSC is diagnosed using liver biochemistries and 
classic bile duct changes on cholangiography (70,72,73). 
EASL guidelines recommend measuring serum IgG4 levels 
in all patients with large duct-PSC at diagnosis (74). Liver 
biopsy is typically not warranted unless there is a need to 
confirm small duct PSC based on a high clinical suspicion 
and normal cholangiogram and to distinguish PSC with 
elevated IgG4 from IgG4-AIC (64).

Management

The role of corticosteroids has shown some benefit 
in these patients. However, this data is derived from 
retrospective studies and no clinical trials have been 
conducted to test their efficacy (69,75). Currently LT is 

the only definitive treatment. 

AIH-cholestatic syndrome 

Epidemiology

AIH-cholestatic syndromes can be loosely defined as 
AIH-PBC or AIH-PSC but without a positive AMA or 
obvious cholangiographic abnormalities. The prevalence 
of AIH-cholestatic syndrome remains understudied but its 
prevalence has been reported to be between 5% to 20% 
(11,40). 

Diagnostic criteria

The diagnosis of AIH-cholestatic syndrome requires the 
absence of serological and histological features suggestive 
of PBC and the absence of cholangiogram features 
suggestive of PSC (11,76,77). This includes patients AMA-
negative PBC and small duct PSC (11,76,77). Historically, 
these patients have been described as having autoimmune 
cholangitis (78). Liver biopsy is essential for a definitive 
diagnosis, and the histological findings may vary depending 
on the underlying cholestatic liver disease. Histologic 
features can include portal edema, portal fibrosis, 
ductopenia or lymphoplasmacytic infiltrate with bile duct 
lesion suggestive of PBC (7,79,80). As testing for other 
autoantibodies such as gp210, sp100 that meet PBC criteria 
becomes more widespread, we will be able to identify more 
patients with AMA-negative PBC (81-86).
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Management

Management options for AIH-cholestatic syndrome include 
treatment with UDCA alone, corticosteroid alone, or 
combination of these therapies (87). However, these patients 
often exhibit poor response to conventional corticosteroid 
therapy, with 88–100% failing to achieve biochemical 
remission with steroids alone. Combination therapy of 
corticosteroids with UDCA has also been attempted in this 
patient subset with variable results (Figure 3). We believe 
that a complete clinical picture as well as the intensity of 
cholestatic features must be taken into account prior to 
initiating treatment with ursodiol (88). 

PBC-PSC OS

The concurrent diagnosis of PBC and PSC is rare 
compared to cholestatic variants of AIH. The first case of 
PBC-PSC overlap was reported by Rubel et al. in 1984 (89). 
In this patient, the diagnosis of PBC was made based on 
positive AMA, elevated ALP and liver biopsy demonstrating 
portal fibrosis. At that time, MRCP was not available for 
diagnostic purposes and multiple endoscopic attempts via 
ERCP to visualize the bile ducts was unsuccessful until a 
definitive diagnosis was achieved through a percutaneous 
transhepatic cholangiogram which showed stricturing and 
dilatations in the bile ducts. There have been a handful of 
case reports that have reported this OS, with most patients 
receiving, UDCA as the sole treatment (90-93). 

OS in IBD

Patients with IBD are at increased risk of all AILDs such 
as PBC, PSC and AIH (94,95). The shared autoimmune 

mechanisms between IBD and various AILDs have been 
hypothesized to be responsible for this association (96). It 
has been estimated that 60–80% of patients with PSC have 
UC and 2–14% of patients with IBD have concomitant 
PSC (97). A recent meta-analysis by Barberio et al. reported 
that PSC is present in 2.16% of patients with IBD. 2.47% 
of patients with UC were noted to have PSC, while 0.96% 
of the patients with CD were noted to have PSC (98). 
AIH has also been reported to be associated with IBD, but 
has a lower prevalence, compared to PSC (94). Zhu et al. 
have also reported that IBD may also lead to increased risk 
of developing PBC (99). The incidence of PBC among 
patients with IBD is not well established. The current data 
is from single-center studies. In a study by Li et al., out 
of 890 patients with ulcerative colitis, only 4 individuals 
suffered from UC and PBC (100). Currently, there is 
lack of literature on the epidemiology of OS, especially 
among patients with IBD. However, it has been reported 
that patients with IBD are at increased risk of developing 
OS, compared to patients without IBD. This is seen more 
common in patients with Crohn’s disease (101). It has been 
reported that incidence of IBD is 40–50% among patients 
with PSC-AIH OS patients, however PSC-AIH OS is rare 
in IBD patients (102). Thus it is very important to screen 
patients with OS with IBD and patients with IBD should 
have their liver enzymes checked periodically to identify the 
disease at earlier stages to prevent the progression of the 
disease. 

Long-term prognosis and transplantation of 
patients with OS

The goal of various therapies among patients with OS is to 

Figure 3 Summary of known overlap syndrome management. AIH, autoimmune hepatitis; AZA, azathioprine; MMF, mycophenolate 
mofetil; PBC, primary biliary cholangitis; PSC, primary sclerosing cholangitis; UDCA, ursodeoxycholic acid.
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prevent the progression of liver disease to decompensated 
cirrhosis. Progression to cirrhosis among patients with PBC-
AIH at 10 years was noted to be 44–48% and transplant-
free survival was noted to be 52–92% (14,21,103,104). Once 
these patients develop cirrhosis, LT becomes necessary. 
Thus, it is essential to identify patients at higher risk of 
worse outcomes and patients at risk of requiring LT. A study 
by Al-Chalabi et al. reported patients with PSC/AIH to have 
higher severe disease severity and worse prognosis than 
patients with PBC/AIH or AIH. In their study, a significant 
reduction in survival was noted in patients with PSC/AIH 
than those without (48). In a separate study by Jayabalan 
et al., patients with PBC-AIH were noted to have no 
significant differences in survival compared to patients with 
PSC-AIH (105). It has been reported that patients with OS 
undergoing LT have higher rates of liver-transplant related 
complications. A single center study by Bhanji et al. noted 
that patients with OS have a higher risk of disease recurrence 
after LT, however the survival rates were comparable 
between the two groups (44). A recent study by Lee et al. 
using UNOS database reported that patients with AIH-
PBC overlap have higher risk of mortality secondary to risk 
of disease recurrence and pulmonary complications, while 
patients with AIH-PSC overlap have higher risk of mortality 
due to graft infection (106). These findings highlight the 
importance of early identification and initiation of therapy 
to prevent adverse outcomes among these patients. 

Upcoming therapies for OS 

Multiple therapies are currently under development for 
patients with various AILDs. Recently, two drugs elafibranor 
and seladelpar were approved for the treatment of PBC, 
and two other drugs are currently under investigation 
(107-110). Drugs being evaluated for PSC include 
nor-UDCA, berberine with ursodeoxycholic acid and 
simvastatin (111). For AIH, B-cell depleting therapies such 
as ianalumab, zetomipzomib and JKB-122 are currently 
under investigation (112). Information regarding the new 
and upcoming therapies is beyond the scope of this article 
and has been described elsewhere (111,113,114). Many of 
these clinical trials exclude patients with OS. This poses a 
challenge for patients with OS as they are not candidates for 
clinical trials. Furthermore, once the drug gets approved, it 
is up to the clinician regarding the decision of starting these 
therapies on patients with OS. We believe that there is an 
unmet need for therapies for patients with OS and further 
studies evaluating the role of these investigational drugs in 

patients with OS are needed. 

Conclusions

In summary, AILD involves self-directed immune-mediated 
damage to hepatocytes and cholangiocytes, defined into 
three types: AIH, primary biliary cirrhosis (PBC), and PSC, 
each with distinct features. AIH is primarily hepatocyte-
focused, while PBC and PSC affect bile ducts. Treatment 
involves immunosuppressive agents for AIH and ursodiol 
for PBC. OS can occur, with some patients exhibiting 
features of more than one AILD. Diagnosis criteria are not 
yet clear, and treatment is often extrapolated primarily from 
AILD data. AIH-PBC, AIH-PSC, and AIH-cholestatic 
syndrome are categories of OS, with different diagnostic 
criteria and treatment approaches. Treatment options 
include ursodiol, corticosteroids, azathioprine, MMF, 
and tacrolimus, depending on the specific OS and its 
characteristics. The choice of therapy should be based on 
individual patient features. Studies indicate poorer long-
term outcomes for OS patients compared to those with 
single AILDs. Thus, further studies must be performed to 
define and revise guidelines in the diagnosis process.
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