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Abstract
Primary biliary cholangitis (PBC) and primary sclerosing cholangitis (PSC) are the main autoimmune cholestatic liver dis-
eases. IgG4-associated sclerosing cholangitis is another distinct immune-mediated cholestatic disorder of unknown aetiology 
that is frequently associated with autoimmune pancreatitis or other IgG4-related diseases. Although the majority of PBC 
and PSC patients have a typical presentation, there are common and uncommon important variants or specific subgroups 
that observed in everyday routine clinical practice. In this updated review, we summarize the published data giving also our 
own experience on the variants and specific groups of autoimmune cholestatic liver diseases. Actually, we give in detail the 
underlining difficulties and the rising dilemmas concerning the diagnosis and management of these special conditions in the 
clinical spectrum of autoimmune cholestatic liver diseases including the IgG4-associated sclerosing cholangitis highlighting 
also the uncertainties and the potential new eras of the research agenda.
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Introduction

Primary biliary cholangitis (PBC)—previous nomenclature 
primary biliary cirrhosis—and primary sclerosing cholangi-
tis (PSC) are the main autoimmune cholestatic liver diseases. 
PBC is characterized by a progressive destruction and loss of 
the small intrahepatic bile ducts (Carey et al. 2015; European 
Association for the Study of the Liver 2017a; Hirschfield 
et al. 2018). PSC is characterized by inflammation, scarring 
and fibrosis of the intrahepatic and extrahepatic bile ducts 
leading to multifocal strictures of the biliary tree (Karlsen 
et al. 2017; Lazaridis and LaRusso 2016; Lindor et al. 2015). 
Both diseases result in the development of significant chol-
estasis that may lead to liver cirrhosis with portal hyperten-
sion and end-stage liver disease.

PBC affects mainly middle-aged females between 50 and 
60 years (female/male ratio: 8–10:1). However, recently it 

became apparent that younger patients may also be affected 
(Carey et al. 2015; European Association for the Study 
of the Liver 2017a; Gatselis et al. 2017; Hirschfield et al. 
2018). From a clinical point of view, PBC diagnosis at early 
stages seems crucial as treatment with ursodeoxycholic acid 
(UDCA) can delay disease progression and improve survival 
(Floreani et al. 2011; Gatselis et al. 2017; Harms et al. 2018; 
Lammers et al. 2015; Murillo Perez et al. 2018). The diagno-
sis of PBC is based on the presence of at least two out of the 
three following criteria (European Association for the Study 
of the Liver 2017a; Gatselis and Dalekos 2016; Hirschfield 
et al. 2018; Rigopoulou and Dalekos 2008): (a) presence 
of antimitochondrial antibodies (AMA; positive in approxi-
mately 90–95% of PBC patients) or specific antinuclear anti-
bodies (ANA; main antigenic targets against sp100 or gp210 
proteins; detection in about 30% of PBC patients) (Gatselis 
et al. 2013; Granito et al. 2012; Rigopoulou et al. 2005), (b) 
elevated cholestatic enzymes (alkaline phosphatase and/or 
γ-glutamyl transpeptidase) and (c) liver biopsy indicating 
florid duct lesions (lymphocytic cholangitis affecting septal 
or interlobular bile ducts). Of note, most PBC patients with 
typical presentation have elevated serum levels of IgM.

In the clinical spectrum of the disease apart from the typi-
cal cases of PBC, there are also some common and uncom-
mon important variants and specific groups of patients with 
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PBC. In this context, the common variant and specific forms 
of PBC include the AMA-negative PBC, the isolated AMA 
positivity, the AMA positivity in patients with well-estab-
lished autoimmune hepatitis (AIH), the PBC patients also 
suffering from other(s) extrahepatic autoimmune diseases 
and the PBC with characteristics of AIH (PBC–AIH variant) 
(Dalekos et al. 2019; European Association for the Study 
of the Liver 2015, 2017a; Hirschfield et al. 2018; Zachou 
et al. 2013). The less frequent PBC variant and specific 
forms include the premature ductopenic PBC variant, the 
non-cirrhotic PBC patients with portal hypertension, the 
PBC patients with concurrent viral hepatitis B or C and the 
PBC–PSC or PBC–IgG4 sclerosing cholangitis variant.

On the other hand, PSC is a rare, but serious cholestatic 
liver disease for which so far, no real effective therapy exists 
to tackle disease progression. Therefore, in most patients, 
liver transplantation is needed although the disease may 
recur after transplantation (Lazaridis and LaRusso 2016). 
Inflammatory bowel disease (IBD) is present in about two-
thirds of PSC patients from North Europe and United States 
and there is a high risk for development of cholangiocarci-
noma and colorectal cancer (Boonstra et al. 2013; Karlsen 
et al. 2017; Lindor et al. 2015; Ponsioen et al. 2016). In 
contrast, PSC affects approximately only 8% of IBD patients. 
Of interest, despite previous assumptions for a male pre-
dominance among PSC patients, recent studies have con-
firmed that the disease occurs as commonly in females as in 
males. However, PSC seems to run a subclinical and more 
favourable course in female patients as attested recently by 
a large multicentre study of the International PSC Study 
Group including above of 7.000 patients (Lunder et al. 2016; 
Weismuller et al. 2017). A similar favourable outcome of 
PSC has also been found in younger patients and those with 
Crohn‘s disease or without concurrent IBD (Halliday et al. 
2012; Weismuller et al. 2017). The diagnosis of PSC is 
based on the setting of elevated cholestatic enzymes, par-
ticularly of alkaline phosphatase, although it is important to 
know that its serum levels are naturally fluctuating in PSC 
patients, along with cholangiographic evidence of strictures 
of intrahepatic or extrahepatic bile ducts or both by mag-
netic resonance cholangiopancreatography (MRCP). Indeed, 
MRCP is now the preferred technique of choice for PSC 
diagnosis, as it bears very good sensitivity and specificity 
(0.86 and 0.94, respectively) (Karlsen et al. 2017; Lazaridis 
and LaRusso 2016; Lindor et al. 2015; Schramm et al. 2017). 
Liver biopsy is rarely needed to establish PSC diagnosis, as 
the pathognomonic “onion-skin” fibrosis lesions are found 
very infrequently. It is obvious that several other causes of 
secondary sclerosing cholangitis should be excluded for a 
firm PSC diagnosis (Table 1). Endoscopic retrograde chol-
angiopancreatography (ERCP) can be performed if MRCP 
with or without liver biopsy is puzzling or contraindicated 
and there is serious suspicion of PSC presence. However, 

the risks of ERCP should always be weighed against the 
potential benefits (Aabakken et al. 2017; Lindor et al. 2015).

As for PBC, the vast majority of PSC patients have a 
typical presentation. However, there are also some common 
important variants in routine clinical practice that need 
attention namely, the small duct PSC and the PSC–AIH vari-
ant including autoimmune sclerosing cholangitis which is a 
distinct clinical phenotype in children (Dalekos et al. 2019; 
European Association for the Study of the Liver 2015; Gat-
selis et al. 2015; Gregorio et al. 2001; Karlsen et al. 2017; 
Lindor et al. 2015).

Finally, IgG4-associated sclerosing cholangitis is a dis-
tinct immune-mediated cholestatic disorder of unknown 
aetiology which is not a real subtype of PSC but is fre-
quently associated with autoimmune pancreatitis or other 
IgG4-related diseases. Contrary to PSC, this clinical entity 
responds dramatically to steroid therapy while it appears to 
be less likely to associated with concurrent IBD (Kamisawa 
et al. 2019; Karlsen et al. 2017; Lazaridis and LaRusso 2016; 
Lindor et al. 2015).

In this review, we summarize the published data giving 
also our own experience on the variant and specific forms of 
PBC and PSC by underlining the difficulties and the rising 
dilemmas concerning their diagnosis and management. In 
addition, a special reference to the distinct clinical condi-
tion of IgG4-associated sclerosing cholangitis is given in a 
separate chapter as its differential diagnosis from PSC is of 
major clinical importance.

Common Variants and Specific Forms of PBC

AMA‑Negative PBC

According to the assays employed at the initial screen-
ing, about 5% of patients with PBC are negative for AMA 

Table 1   Causes of secondary sclerosing cholangitis which should be 
excluded for a firm diagnosis of primary sclerosing cholangitis

HIV human immunodeficiency virus

Choledocholithiasis
Recurrent pyogenic cholangitis
Traumatic or ischemic biliary injury
HIV infection
Papillary stenosis
Pancreatic cancer or cancer of the ampulla
Chronic pancreatitis
Choledochal cysts, biliary atresia
Chronic biliary infestation
Ischemic cholangiopathy
Sarcoidosis
IgG4-associated sclerosing cholangitis (see also Table 5)
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(European Association for the Study of the Liver 2015; 
Gatselis and Dalekos 2016; Rigopoulou and Dalekos 2008; 
Zachou et al. 2013) (Table 2). It should be noted however, 
that investigation for AMA should be done according to 
recent guidelines to minimize false negative results. In brief, 
the indirect immunofluorescent assay, which is considered 
the gold standard for initial routine screening, should be per-
formed using preferably en block fresh frozen cryostat sec-
tions of rat kidney, stomach and liver tissues as substrate. In 
addition, the sectioning of the kidney should be performed 
very carefully with appropriate orientation, because the lat-
ter sectioning is mandatory in an attempt to fix both proxi-
mal and distal renal tubules on cryostat sections (Gatselis 

and Dalekos 2016; Rigopoulou and Dalekos 2008). The 
use of equivalent commercial sections is of variable qual-
ity because, to extend the expiry date, fixatives are added, 
which may result in limitations of interpretation of fluores-
cence patterns because of enhanced background staining. 
Last but not least, as AMA include all immunoglobulin 
isotypes (IgG, IgA and IgM), it is rational to use antihu-
man polyvalent immunoglobulin as secondary antibody in 
indirect immunofluorescence assay instead of only the IgG 
compartment (Gatselis and Dalekos 2016; Rigopoulou and 
Dalekos 2008).

Additional testing is recommended if the initial routine 
testing by indirect immunofluorescence is negative in an 

Table 2   Variant and specific syndromes of primary biliary cholangitis (PBC)

AMA antimitochondrial antibodies, ANA antinuclear antibodies, AIH autoimmune hepatitis, IAIHG international autoimmune hepatitis group, 
UDCA ursodeoxycholic acid, PBC primary biliary cholangitis, HBV hepatitis B virus, HCV hepatitis C virus, IFNs interferons, IgG4 immuno-
globulin G4 subclass, PSC primary sclerosing cholangitis

Common
 AMA-negative PBC
  About 5% of PBC patients depending on the assays performed; liver biopsy is needed for the establishment of diagnosis
  ANA specific for PBC (anti-sp100 and anti-gp210) may help; clinical features, course of the disease and treatment response seem identical to 

AMA-positive patients
 Isolated AMA seropositivity
  About 0.5% of healthy population have AMA; no treatment is required; development of PBC in 16% of individuals over 5 years of follow-up; 

monitoring of cholestatic enzymes seems rational (every 6–12 months?)
 AMA positivity in AIH patients
  Depending on the assays performed 5–35% of AIH patients have AMA; no association with cholestatic biochemistry, cholestatic histological 

findings in follow-up biopsies or response to immunosuppressive treatment
  Ongoing multicenter study on this topic is underway from the IAIHG
 PBC accompanied by other(s) extrahepatic autoimmune diseases
  See Table 3
 PBC–AIH variant
  Terminology varies; there is no internationally accepted consensus for its definition
  The Paris criteria are still in use but are largely different from the criteria for the diagnosis of PBC and AIH
  Interface hepatitis at the histological level is needed for the diagnosis of this variant
  There are no randomized clinical trials for its treatment; however, treatment with combination of immunosuppression with UDCA is recom-

mended
Uncommon
 Premature ductopenic PBC variant
  Very rare but severe PBC variant; no response to UDCA; liver transplantation is usually required
 Non-cirrhotic PBC variant with portal hypertension
  Unique manifestation of PBC (contrary to any other liver diseases); development of oesophageal varices in 5–6% of patients; careful assess-

ment of all PBC patients at baseline and during follow-up is strongly advised
  Underlying pathogenetic mechanisms obscure
  Screening for varices in this variant form of PBC is recommended (particularly when platelets < 140.000 or 200.000/μl)
  Prophylaxis and management approaches are similar with every other chronic liver disease; same risk for developing pulmonary hypertension 

as in other cirrhotic patients with portal hypertension
PBC with concurrent viral hepatitis B or C
  PBC diagnosis in HBV or HCV patients is very difficult and usually delayed
  It might have clinical implications as advanced liver disease at diagnosis was recorded in patients with this specific form of PBC; therefore, the 

presence of biochemical indices of cholestasis should prompt physicians to seek for AMA and PBC-specific ANA in an attempt to achieve a 
timely diagnosis of concurrent PBC

  HCV-associated PBC cases seem to present worse outcome compared to those with concurrent HBV infection probably because of the old 
therapies with IFNs

  Management is identical to the clinical practice guidelines of HBV, HCV and PBC
 PBC–PSC or PBC-IgG4 sclerosing cholangitis variants
  Extremely rare; No clear-cut conclusions can be given
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attempt to overcome a probable false diagnosis of AMA-
negative PBC. This should be done by means of molecu-
lar-based assays such as enzyme-linked immunosorbent 
assays (ELISA) and immunoblot which use the major target 
autoantigens of AMA that have been identified and cloned 
since 1987 such as the E2 subunit of the pyruvate dehydro-
genase complex (PDC-E2), E2 subunit of the branched-chain 
2-oxoacid dehydrogenase complex (BCOADC-E2) and 
E2 subunit of the 2-oxoglutarate dehydrogenase complex 
(OGDC-E2) (Fussey et al. 1988; Gershwin et al. 1987). This 
approach is of paramount importance, as indirect immuno-
fluorescence bears several limitations (Bizzaro et al. 2012; 
Gabeta et al. 2007; Gatselis and Dalekos 2016; Liu et al. 
2010; Rigopoulou and Dalekos 2008). Indeed, indirect 
immunofluorescence is labour intensive, time consuming, 
and not fully automated assay depending on a subjective 
interpretation of the observer.

Furthermore, evaluation for the detection of PBC-spe-
cific ANA such as, anti-sp100 and anti-gp210 antibodies 
either by indirect immunofluorescence on Hep2 cells or 
more preferably by ELISA and immunoblotting is very 
helpful, as they can establish the diagnosis of PBC when 
AMA are not detected (Gatselis et al. 2013; Gatselis and 
Dalekos 2016; Granito et al. 2012; Rigopoulou et al. 2005; 
Rigopoulou and Dalekos 2008). The diagnostic accuracy of 
PBC-specific ANA for the diagnosis of PBC seems equal 
to AMA detection and therefore, in AMA-negative patients 
with PBC-specific ANA positivity there is no need of liver 
biopsy to establish diagnosis. However, if both AMA and 
PBC-specific ANA tested negative, a liver biopsy is nec-
essary for diagnosis (Carey et al. 2015; European Asso-
ciation for the Study of the Liver 2017a; Hirschfield et al. 
2018). The clinical features, course and outcome along with 
response to treatment with UDCA seem similar to the AMA-
positive patients (Carey et al. 2015; European Association 
for the Study of the Liver 2017a; Hirschfield and Heathcote 
2008; Hirschfield et al. 2018; Mendes and Lindor 2008), 
although there is conflicting data concerning the progression 
and severity of PBC for those AMA-negative patients who 
have reactivity against the PBC-specific ANA (in particular 
against the gp210 autoantigen) (Bogdanos et al. 2007; Gat-
selis et al. 2013; Gatselis and Dalekos 2016; Granito et al. 
2012; Invernizzi et al. 2001; Nakamura et al. 2007; Rigo-
poulou and Dalekos 2004, 2008; Rigopoulou et al. 2005).

Isolated AMA Positivity

AMA detection in an otherwise healthy population is not 
uncommon as about 0.5% of these subjects may have AMA 
reactivity without any symptoms or abnormal cholestatic 
enzymes (Mattalia et al. 1998; Shibata et al. 2004; Tur-
chany et al. 1997) (Table 2). Older studies in AMA-posi-
tive asymptomatic individuals with normal liver enzymes 

showed histological lesions of PBC in about 40%, whereas 
PBC was developed in most of them during follow-up (Met-
calf et al. 1996; Mitchison et al. 1986). However, the course 
of the disease in this setting was favourable, as none of the 
patients progressed to cirrhosis, needed a liver transplant or 
died due to PBC after 18 years of follow-up (Metcalf et al. 
1996). Furthermore, a recent prospective study from France 
including AMA-positive healthy subjects revealed that only 
16.7% of them developed PBC after 5 years of follow-up 
(Dahlqvist et al. 2017). However, in the same study, an unex-
pected higher overall mortality rate was recorded in these 
subjects compared to age- and sex-matched controls (Dahl-
qvist et al. 2017).

In summary, all international associations for the study 
of the liver agree that treatment initiation with UDCA is not 
needed for individuals with isolated AMA positivity. How-
ever, a yearly periodic routine screening of liver enzymes 
might be required in these subjects in an attempt to uncover 
the potential development of biochemical abnormality. If 
such an abnormality is found during monitoring, then initia-
tion of treatment should be similar as for typical PBC cases 
(European Association for the Study of the Liver 2017a; 
Hirschfield et al. 2018).

AMA Positivity in Patients with Well‑Established AIH

AMA, which are the serological hallmark for the diagnosis 
of PBC, can also be detected in patients with other liver 
disorders, including AIH which is an acute or chronic liver 
disease of unknown aetiology characterized by absence of 
viral hepatitis B and C markers, hypergammaglobulinaemia, 
circulating autoantibodies and interface hepatitis on liver 
biopsy (Dalekos et al. 2019; European Association for the 
Study of the Liver 2015) (Table 2). However, the clinical 
importance of AMA detection in this setting is not clear. A 
recent review of our group found that AMA can be detected 
in 5–35% of patients with well-established AIH with the 
highest prevalence being recorded mainly in some Japanese 
studies (Gatselis and Dalekos 2016). At present, most studies 
have shown that this finding does not bear any direct clinical 
significance, although it should be noted that there are many 
limitations such as short monitoring of the patients, infre-
quent sequential liver biopsies and investigation of small 
number of patients.

In more detail, a study from the Mayo Clinic, USA found 
AMA in 18% of AIH patients, but this finding was not asso-
ciated with clinical and histological manifestations of PBC 
at diagnosis, histological features of cholestasis at repeat 
liver biopsies, while response to immunosuppressive treat-
ment was similar between AMA-positive and AMA-negative 
AIH patients (Montano-Loza et al. 2008). Our group and a 
Canadian group have also reported similar findings (Liaskos 
et al. 2007; O’Brien et al. 2008). In the Canadian study, a 
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follow-up of 27 years has been reported in 15 AMA-positive 
AIH patients. No characteristic cholestatic lesions of PBC 
were found on initial or repeat liver biopsies, whereas a typi-
cal predominant course of AIH was recorded with almost 
identical treatment response compared to AMA-negative 
AIH patients (O’Brien et al. 2008).

However recently, another observational study from 
Canada reported three AIH patients with persistently detect-
able AMA who developed typical PBC over time (Dinani 
et al. 2012). Interestingly, one of them was already included 
in the first Canadian cohort published in 2008 (O’Brien 
et al. 2008), suggesting that probably longer than 27 years 
follow-up is needed for the late PBC development among 
AMA-positive patients with AIH. Another multicentre 
study comparing 264 AMA-negative and 47 AMA-positive 
cases of AIH showed eventually in the multivariate logistic 
regression analysis using AMA as a dependent variable, that 
AMA reactivity did not reveal any specific subgroup of AIH 
patients or the development of any sign of PBC character-
istics after a short monitoring of 4 years (Muratori et al. 
2017). Another point that the clinician should be aware is 
that the AMA titres seem to be lower in AMA-positive AIH 
patients compared to those usually detected in the PBC 
cases, although these findings have been reported in studies 
with a small number of patients (Tomizawa et al. 2015). In 
summary, at present, AMA-positive AIH patients should be 
managed as for AMA-negative cases taking into account 
the published guidelines for AIH diagnosis and treatment 
(Dalekos et al. 2019; European Association for the Study 
of the Liver 2015; Gatselis et al. 2015; Zachou et al. 2013).

Because of these uncertainties, a large multicentre retro-
spective study from the international autoimmune hepatitis 
group (IAIHG) using prospectively collected data on AMA 
reactivity in AIH patients is currently underway. The aim of 
this study is to address several unresolved problems such as 
the AMA prevalence at first diagnosis and during follow-up 
in patients with well-established AIH, the clinical signifi-
cance—if any—of AMA reactivity in these patients regard-
ing their demographic, clinical, serological, biochemical and 

histological characteristics at baseline and during follow-up 
along with their long-term prognosis and response to immu-
nosuppression compared to an age- and sex-matched AMA-
negative population with AIH (Dyson et al. 2019).

PBC Accompanied by Other Extrahepatic 
Autoimmune Diseases

Almost half of PBC patients and their families suffer from 
another concurrent autoimmune disease suggesting shared 
genetic predisposition (Table 3) (Carey et al. 2015; Euro-
pean Association for the Study of the Liver 2017a; Gatselis 
et al. 2017; Hirschfield et al. 2018; Zografos et al. 2012). 
Among these conditions, autoimmune Hashimoto’s thy-
roiditis, Sjogren’s syndrome—although most patients have 
‘Sicca complex’ (dry mouth, dry eyes) rather than primary 
Sjogren’s syndrome—and Raynaud’s disease are strongly 
associated with PBC (Carey et al. 2015; Corpechot et al. 
2010; Floreani et al. 2015a; Gatselis et al. 2017; Gersh-
win et al. 2005; Hatzis et al. 2008; Hirschfield et al. 2018). 
Therefore, the European and British clinical practice guide-
lines for the diagnosis and management of PBC recommend 
baseline screening of all PBC patients for the abovemen-
tioned common disorders (European Association for the 
Study of the Liver 2017a; Hirschfield et al. 2018). During 
follow-up, PBC patients should be monitored clinically and 
testing for these conditions is suggested according to the 
clinical needs.

Other extrahepatic autoimmune diseases that have been 
associated with PBC are shown in Table 3 (Corpechot et al. 
2010; Dalekos et al. 1995; Floreani et al. 2015a; Gatselis 
et al. 2007, 2010a, 2017; Gershwin et al. 2005; Huang 2016; 
Liaskos et al. 2010; Zachou et al. 2006). Of note, in our 
series of 482 PBC patients, the predominant autoimmune 
disease was Hashimoto thyroiditis, there was no statistically 
significant difference between female and male patients 
regarding the prevalence of concurrent autoimmune diseases 
(29.5% vs. 21.5%, respectively), while 6.6% of patients suf-
fered from more than one autoimmune disease (Gatselis 

Table 3   Extrahepatic 
autoimmune diseases that 
associated with primary biliary 
cholangitis

CREST calcinosis, Raynaud phenomenon, oesophageal dysmotility, sclerodactyly and telangiectasia

Most common
 Hashimoto’s thyroiditis, Sicca complex (dry mouth, dry eyes) rather than primary Sjogren’s syndrome and 

Raynaud’s disease
Other extrahepatic autoimmune diseases
 Autoimmune rheumatic diseases (rheumatoid arthritis, systemic lupus erythematosus, antiphospholipid 

syndrome, scleroderma or CREST syndrome, giant cell arteritis, polymyositis or dermatomyositis and 
adult Still’s disease)

 Haematological (Biermer’s anaemia, Henoch-Schonlein purpura, idiopathic autoimmune thrombocytope-
nia, autoimmune haemolytic anaemia)

 Dermatological (psoriasis, vitiligo, erythema nodosum)
 Gastrointestinal (celiac disease, inflammatory bowel disease)
 Miscellaneous (type-1 diabetes mellitus, multiple sclerosis, interstitial lung disease)
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et al. 2017). Sometimes the concurrence of autoimmune 
diseases may result in difficulties for establishing a prompt 
and timely PBC diagnosis. Indeed, physicians should keep in 
mind this possibility in cases with various autoimmunity and 
elevated cholestatic enzymes. In such cases, recommenda-
tion of a reliable serologic testing for AMA and PBC-spe-
cific ANA seems very helpful (Gatselis and Dalekos 2016; 
Rigopoulou and Dalekos 2008).

The management of the symptoms of the associated auto-
immune disorders seems very important in an attempt to 
control the overall symptom burden in PBC and improve 
the quality of life of the patients (Mells et al. 2013). How-
ever, the behaviour of this specific PBC group in terms of 
liver disease appears to be not different from those without 
concomitant autoimmune diseases, as the overall survival 
of patients and response to treatment with UDCA are not 
reduced (Carey et al. 2015; Floreani et al. 2015a; Gatselis 
et al. 2017). Nonetheless, real-world data targeting the spe-
cific questions on the outcome, response to treatment and 
quality of life of PBC patients with concurrent extrahepatic 
autoimmune diseases are missing.

PBC–AIH Variant

Diagnosis

A proportion of PBC patients (approximately 10–20%) may 
have also either simultaneously or consecutively, character-
istics of AIH, while some patients with well-established AIH 
may also develop features of PBC during follow-up (Dalekos 
et al. 2019; European Association for the Study of the Liver 
2015, 2017a; Gatselis et al. 2015; Hirschfield et al. 2018; 
Zachou et al. 2013) (Table 2). So far, many terms have been 
used for the description of this condition like “PBC–AIH 
overlap syndromes”, “PBC with secondary AIH” and “hepa-
titic form of PBC” (Boberg et al. 2011; Dalekos et al. 2018; 
Lohse et al. 1999). However, the “overlap” terminology 
which was used for many years in the past to describe these 
patients suggests the concurrence of two different chronic 
liver diseases at the same time, which may be a misnomer as 
it is not the case for all patients (Boberg et al. 2011; Dalekos 
et al. 2019; European Association for the Study of the Liver 
2015; Haldar and Hirschfield 2014; Trivedi and Hirschfield 
2012). For these reasons, the term “variant” has been pro-
posed instead, which is believed more proper to describe 
these conditions (Boberg et al. 2011; Dalekos et al. 2019; 
European Association for the Study of the Liver 2015).

The diagnosis of PBC–AIH variant in everyday clini-
cal practice is difficult as there are no consensus criteria for 
its definition. Nevertheless, the “Paris criteria” published 
20 years ago are still in use (Table 4; Chazouilleres et al. 
1998), as some studies have shown very good sensitivity 
and specificity of these criteria for diagnosing patients with 

PBC–AIH variant (92% and 97%, respectively; Kuiper et al. 
2010). However, the general impression is that the “Paris 
criteria” are very strict as from our experience only 50% or 
lower of patients with well-established AIH may fulfil these 
criteria. In addition, it should be kept in mind that the “Paris 
criteria” are largely different from the separate diagnostic cri-
teria of each disease (Dalekos et al. 2019; European Associa-
tion for the Study of the Liver 2015, 2017a; Hirschfield et al. 
2018). In line with the above concerns, a recent Chinese study 
showed that patients with this variant may be identified more 
frequently and very easily using the “Paris criteria”, when 
lowering the IgG cutoff to 1.3 times the upper limit of normal 
(ULN) instead of 2.0 times of the original criteria further sup-
porting the potential underestimation of PBC–AIH diagnosis 
(Wang et al. 2013). Of interest, both the revised (Alvarez et al. 
1999) and the simplified score (Hennes et al. 2008) for AIH 
diagnosis should not be used in clinical practice for the diag-
nosis of PBC–AIH variants, as they lack diagnostic accuracy 
(Boberg et al. 2011; Dalekos et al. 2019; European Associa-
tion for the Study of the Liver 2015, 2017a; Gatselis et al. 
2010b, 2015; Hirschfield et al. 2018; Papamichalis et al. 2007; 
Zachou et al. 2013). Investigation for autoantibodies against 
soluble liver antigen/liver pancreas (anti-SLA/LP) by specific 
ELISA or immunoblot with or without anti-Ro52 antibodies 
seems logical in the laboratory workup of patients with PBC 
and suspected AIH, as these antibodies have been detected in 
PBC–AIH variants (Eyraud et al. 2009; Kanzler et al. 2001; 
Muratori et al. 2009; Zachou et al. 2015).

The recent European and British clinical practice guide-
lines on PBC (European Association for the Study of the 
Liver 2017a; Hirschfield et al. 2018) as well as the Euro-
pean and Hellenic guidelines for AIH (Dalekos et al. 2019; 
European Association for the Study of the Liver 2015) rec-
ommend biopsy as an important and fundamental tool for 

Table 4   Paris criteria for the diagnosis of PBC–AIH variant (adapted 
from Chazouilleres et al. 1998)

At least two out of three key criteria for each disease are needed for a 
firm diagnosis
PBC primary biliary cirrhosis, AIH autoimmune hepatitis, ALP alka-
line phosphatase, ULN upper limit of normal, γ-GT gamma-glutamyl 
transpeptidase, AMA antimitochondrial antibodies, ALT alanine ami-
notransferase, IgG immunoglobulin G, SMA smooth muscle antibod-
ies

PBC
 ALP ≥ 2 × ULN or γ-GT ≥ 5 × ULN
 Detection of AMA by indirect immunofluorescence (cut-off 

titer: ≥ 1:40)
 Florid duct lesions on liver biopsy

AIH
 ALT ≥ 5 × ULN
 IgG levels ≥ 2 × ULN or detection of SMA
 Moderate or severe periportal or periseptal lymphocytic piecemeal 

necrosis (interface hepatitis) at the histological level
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the diagnosis of this variant form of PBC. In addition, an 
assessment by expert liver immunopathologist is strongly 
recommended because of potential therapeutic implications 
in PBC cases who do not respond to UDCA while in parallel 
they present disproportional increase of alanine aminotrans-
ferase (ALT) and/or IgG levels.

Conclusively, physicians should keep in mind that 
PBC–AIH variants should not be overdiagnosed in an attempt 
to avoid the development of side effects of immunosuppres-
sion in the PBC patients, but on the other hand, they should 
also be aware that it is largely questionable if the strict cutoffs 
of the “Paris criteria” are potentially adequate to identify all 
PBC patients with the PBC–AIH variant that would benefit 
from immunosuppressive treatment. Therefore, according to 
a position paper of the IAIHG, each patient with liver autoim-
munity is better to be diagnosed first as an AIH, PBC, or PSC 
case, in keeping with the predominant features and this with 
additional manifestations should not be considered as suf-
fering from a distinct clinical condition (Boberg et al. 2011; 
Dalekos et al. 2019; European Association for the Study of 
the Liver 2015; Gatselis et al. 2015; Haldar and Hirschfield 
2014; Trivedi and Hirschfield 2012; Zachou et al. 2013).

Outcome and Treatment

As a firm definition of the PBC–AIH variant does not exist, 
controlled trials regarding the management of this condition 
are missing. An old but very well-designed German study 
compared 20 patients with overlapping characteristics with 
2 groups of 20 patients each suffering from classical AIH 
and PBC (Lohse et al. 1999). They found that the overlap 
group had indeed characteristics of both AIH patients with 
considerable increase of ALT and IgG levels, but also typi-
cal PBC features (elevation of cholestatic enzymes and IgM 
levels). In more detail, the overlap patients fell between the 
two groups with ALT levels similarly as high as the AIH 
group, but most of them also with significant elevation of 
alkaline phosphatase levels. In addition, their genetic, sero-
logical and histological profiles were of interest. Actually, 
all overlap patients had at least either bile duct destruction 
at the histological level or detection of AMA, while in the 
vast majority of patients, the histocompatibility leukocyte 
antigens haplotype was characteristic of that reported in AIH 
suggesting the hypothesis that all of these overlap patients 
were primarily suffering from PBC and because of an AIH-
related genetic susceptibility, developed a more hepatitic 
picture during the course of the disease (Lohse et al. 1999). 
Response to immunosuppression with corticosteroids alone 
or in combination with azathioprine in this study was excel-
lent and comparable to AIH patients.

Regarding the natural history, most studies have shown 
a more severe course of patients with PBC–AIH variant 

compared to patients with PBC alone as attested by the earlier 
development of portal hypertension, liver decompensation 
and liver-related death or liver transplantation (Al-Chalabi 
et al. 2008; Chazouilleres et al. 2006; Heurgue et al. 2007; 
Levy et al. 2014; Ozaslan et al. 2014; Poupon et al. 2006; 
Silveira et al. 2007; Yang et al. 2016). However, the retrospec-
tive design of these studies along with the small number of 
patients included cannot result in safe conclusions. Therefore, 
it seems rational to treat both disease elements with a com-
bination of UDCA and immunosuppression, as according to 
recent meta-analyses, combination therapy proved more effec-
tive than UDCA alone (Ozaslan et al. 2014; Zhang et al. 2015) 
(Table 2).

In parallel, the recent European and British clinical practice 
guidelines for PBC have suggested the addition of immunosup-
pressive therapy (either corticosteroids alone or in combina-
tion with azathioprine) to UDCA in PBC cases if at least mod-
erate necroinflammatory activity (interface hepatitis) is present 
on liver histology (European Association for the Study of the 
Liver 2017a; Hirschfield et al. 2018). However, the recent 
European and Hellenic clinical practice guidelines for AIH 
recommend initiation of treatment at lower cutoffs of ALT or 
IgG compared to the “Paris criteria” and optionally even for 
milder AIH cases with histological activity index less or equal 
to four and mild or absence of fibrosis indicating further adver-
sities in the management of patients with PBC–AIH variant 
(Dalekos et al. 2019; European Association for the Study of 
the Liver 2015). Alternatively, in patients with predominant 
AIH manifestations, initiation with immunosuppression only 
has also been suggested and the addition of UDCA is then 
recommended if the response is not sufficient (Dalekos et al. 
2019; European Association for the Study of the Liver 2015).

Interestingly, patients with the PBC–AIH variant seem 
to respond to less immunosuppressive treatment and main-
tain remission after stopping treatment at higher rates than 
AIH patients (Chazouilleres et al. 2006; Ozaslan et al. 2014). 
Alternative agents such as mycophenolate mofetil, ciclosporin 
or tacrolimus can be used in non-responders (Dalekos et al. 
2019; Gatselis et al. 2015; Ozaslan et al. 2014; Zachou et al. 
2011, 2013, 2016). In AIH patients who develop PBC features 
during follow-up, the addition of UDCA seems reasonable in 
protecting—in particular in young patients—from the develop-
ment of ductopenia and biliary cirrhosis, but definite data on 
this management are missing.

Uncommon Variants and Specific Forms 
of PBC

Premature Ductopenic Variant of PBC

A rare PBC variant was described in 1980s, which is char-
acterized by serious protracted pruritus associated with 
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progressive cholestasis and jaundice (Nakanuma et al. 
1988; Vleggaar et  al. 2001) (Table 2). Unfortunately, 
UDCA treatment is not efficient in this variant form of 
PBC. There is extensive bile duct loss in the absence of 
significant fibrosis or cirrhosis at the histological level 
and therefore, these patients should be referred to expert 
centres as usually there is a need for liver transplantation 
because of severe and persistent itching or deep jaundice 
(Nakanuma et al. 1988; Vleggaar et al. 2001). Pregnancy 
in women with already established premature ductopenic 
PBC variant could be deleterious, as it may add cholestasis 
during the last trimester and/or post-partum.

Non‑Cirrhotic PBC Variant with Portal Hypertension

Because of an increase in routine testing of liver func-
tion tests along with liver autoimmune serology testing 
in recent decades, the PBC pattern at presentation has 
changed and a reduced disease severity has now been 
observed (Gatselis et al. 2017; Murillo Perez et al. 2018). 
However, in contrast with other liver diseases, portal 
hypertension can occur in PBC even before the onset of 
cirrhosis at the early stages leading to the development of 
oesophageal varices in approximately 5–6% of patients 
(Ali et al. 2011; Ikeda et al. 2012) (Table 2). Therefore, 
clinical and laboratory signs of portal hypertension should 
be carefully investigated in all PBC patients at initial 
evaluation and during follow-up. The underlying patho-
genetic mechanisms of portal hypertension in these cases 
are still unclear although a sinusoidal blockage and angio-
genetic and/or fibrotic responses potentially induced by 
aquaporin-1 resulting in an enhanced perfusion of arterial 
blood flow to the sinusoids have been implicated (Iguchi 
et al. 2014; Maruyama et al. 2015).

Screening for varices in this variant form of PBC is 
recommended and in particular if platelets are less than 
140.000 or 200.000/μl, Mayo risk score ≥ 4.5, albu-
min < 4 g/dl and/or bilirubin > 1.2 mg/dl (Bressler et al. 
2005; Levy et al. 2007). Prophylaxis and management 
approaches should be the same as in every other chronic 
liver disease according to the Baveno-VI guidelines (de 
Franchis 2015). However, PBC patients suffering already 
from fatigue may experience deterioration of their symp-
toms by the addition of non-selective β-blockers. As the 
other PBC patients with cirrhosis and portal hypertension, 
patients with this variant form are at risk for developing 
pulmonary hypertension which in general is more frequent 
than was thought previously in PBC patients with portal 
hypertension while it bears poor prognosis (Shen et al. 
2009).

PBC with Concurrent Viral Hepatitis B or C

The presence of chronic viral infections in patients with PBC 
or vice versa the presence of PBC in patients with chronic 
hepatitis B or C is often very difficult to be recognized taking 
into account the heterogeneity of liver diseases, the absence of 
awareness of this possibility and the shortfall of many centres 
outside reference centres to use reliable tests for the detection 
of AMA and/or PBC-specific ANA (Gatselis and Dalekos 
2016; Rigopoulou and Dalekos 2008). Therefore, a consider-
able delay in diagnosis of this subgroup of PBC patients is 
characteristic (Rigopoulou et al. 2013) (Table 2). Of inter-
est, a recent review of 1842 liver biopsies from patients with 
chronic hepatitis B or C from Canada showed characteristics 
of other liver diseases in more than 20% of them including 
three cases with concomitant PBC (Nair et al. 2010). On the 
other hand, AMA detection in patients with hepatitis C was 
shown to be more frequent than previously thought, reaching 
up to 8% of the hepatitis C population in a multicenter study 
from Spain and South America (Ramos-Casals et al. 2005), 
while in an Italian study, 8% of 170 PBC patients also suffered 
from hepatitis C (Floreani et al. 2003). This coexistence might 
have clinical implications as an accelerated development of 
cirrhosis and/or hepatocellular carcinoma was recorded in this 
specific group of PBC patients (Floreani et al. 2003; Ramos-
Casals et al. 2005). The latter has also been shown in a recent 
study from Taiwan where 9 out of 76 PBC patients proved to 
carry HCV infection characterized by significant advanced 
liver disease (Chen et al. 2013).

From our recent retrospective analysis in 1493 hepatitis 
B virus (HBV) and 526 hepatitis C virus (HCV) patients, 
we found 17 confirmed PBC cases (8 with HCV and 9 with 
HBV infections) (Rigopoulou et al. 2013). In the majority 
of patients, the diagnosis of viral hepatitis preceded that 
of PBC by many years. The PBC diagnosis was based on 
AMA presence and elevated cholestatic enzymes in all 17 
patients, while one-third experienced severe pruritus many 
years before diagnosis. Patients with PBC and HBV were 
significantly younger at PBC diagnosis compared to those 
with PBC and HCV. Of note, at initial assessment, 60% of 
patients had already established cirrhosis with the group of 
PBC and HCV carrying the highest frequency (87.5% vs. 
33.3% in PBC and HBV; P < 0.05) suggesting that a prompt 
and timely diagnosis of this specific subgroup of PBC is of 
major importance (Rigopoulou et al. 2013). The PBC patients 
with HBV seem to have better outcome compared to those 
with HCV, as none of the six non-cirrhotic patients with HBV 
and PBC developed cirrhosis during follow-up. However, this 
finding could be due to the treatment options that were avail-
able for the management of HBV and HCV infections during 
those days (interferon-α-based therapies for HCV infection 
and not the current very efficient treatments with direct acting 
antivirals). Indeed, it is well-known that the use of nucleos(t)
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ide analogues contrary to the interferon-α-based treatments 
in HCV can control HBV replication with no adjacent effect, 
related to exacerbation of autoimmune phenomena. Although 
there is no specific data, treatment strategies for this group of 
patients should follow the current practice guidelines for the 
management of HBV, HCV and PBC (European Association 
for the Study of the Liver 2017a, 2017b, 2018).

PBC–PSC and PBC–IgG4 Sclerosing Cholangitis 
Variants

PBC–PSC variant syndrome demonstrating the clinical and 
laboratory characteristics of both PBC and PSC includ-
ing its variant form of small duct PSC is an exceptionally 
uncommon disorder (Table 2). Less than ten patients have 
been reported so far in the literature and therefore, general 
conclusions and guidelines cannot be drawn for this contro-
versial entity (Floreani et al. 2015b; Sundaram et al. 2018). 
In parallel, the coexistence of IgG4-sclerosing cholangitis 
and PBC is also an extremely rare condition that has been 
reported in very few cases (Takemoto et al. 2014) (Table 2). 
As about 90% of IgG4-sclerosing cholangitis patients also 
have autoimmune pancreatitis (Huang 2016; Kamisawa 
et al. 2019), investigation of serum IgG4 levels along with 
abdominal imaging could be rational in an attempt to iden-
tify PBC patients not responding to routine treatment with 
UDCA but clear-cut guidelines cannot be given.

PSC Variants

Small Duct PSC Variant

The diagnosis of this variant form of PSC is made at the 
histological level as cholangiography even after high-quality 
MRCP is normal (Bjornsson 2009; Karlsen et al. 2017; Lin-
dor et al. 2015; Schramm et al. 2017) (Table 5). Small duct 
PSC is found in 3–5% of PSC patients, but it is not clear if 
this variant represents an early stage of PSC, a real variant 
of PSC or a separate distinct disease compared to the classic 
large duct PSC (Karlsen et al. 2017; Lazaridis and LaRusso 
2016; Lindor et al. 2015; Weismuller et al. 2017). Of note, 
there is a risk of progression to classic large duct PSC during 
follow-up, but the precise risk is largely unknown (Angulo 
et al. 2002; Bjornsson et al. 2002, 2008).

Small duct PSC is associated with better prognosis as 
attested recently in a recent large retrospective multicenter 
analysis from the International PSC study group (Weis-
muller et al. 2017). Actually, the latter study showed in the 
multivariable analysis that small duct PSC was associated 
with significantly lower risk of liver transplantation or death 
and development of hepatobiliary malignancy in both sexes 
compared to the classic PSC phenotype. As for classic PSC, 
UDCA at doses > 28 mg/kg/day should not be administered 
for the management of small duct PSC patients (Lindor 

Table 5   Variants of primary sclerosing cholangitis (PSC) and the distinct syndrome of IgG4-associated sclerosing cholangitis

MRCP magnetic resonance cholangiopancreatography, IgG4 immunoglobulin G4 subclass, IBD inflammatory bowel disease, AIH autoimmune 
hepatitis, UDCA ursodeoxycholic acid

Small duct PSC variant
 3–5% of PSC patients; liver biopsy is needed for diagnosis as MRCP is normal
 Risk of progression to classic PSC is practically unknown
 It is associated with better prognosis (lower risk of liver transplantation or death and development of hepatobiliary malignancy compared to the 

classic PSC)
PSC–AIH variant
 Observed in 7–14% of mainly young PSC patients; ulcerative colitis is less common compared to classic PSC
 Less well-defined diagnostic criteria than PBC–AIH variant; diagnosis is based on typical cholangiographic or histologic characteristics of PSC 

in combination with AIH features
 A specific and unique variant in children and adolescents with AIH characterized by both AIH and sclerosing cholangitis manifestations (auto-

immune sclerosing cholangitis)
 MRCP is recommended for all children and adolescents with an initial AIH diagnosis—MRCP screening is not justified in adults
 Data on the outcome are scarce and conflicting; a recent large study of the international PSC study group has shown a similar risk of liver dis-

ease progression compared to classic PSC but the development of hepatobiliary malignancy is significantly lower
 Combination of immunosuppression and UDCA is suggested although biliary lesions can progress
IgG4-associated sclerosing cholangitis
 Not a real PSC variant but a distinct immune-mediated cholestatic disorder of unknown aetiology; frequently associated with autoimmune 

pancreatitis or other IgG4-related diseases
 Contrary to PSC it responds very well to steroids and it is less likely to have concurrent IBD; also it is not a risk factor for cholangiocarcinoma
 Its diagnosis is based on: characteristic biliary findings on imaging, increased IgG4, coexistence of IgG4-related diseases (autoimmune pancrea-

titis, dacryoadenitis/sialadenitis or IgG4-related retroperitoneal fibrosis) and characteristic histopathology
 Assessment of the efficacy of a trial of corticosteroids could be an optional extra diagnostic criterion
 Diagnostic accuracy of serum IgG4 is not sufficient (no reliable cutoffs) while 10–20% of PSC patients have increased IgG4 levels
 Outcome is favourable as remission is achieved by steroids treatment in most patients (prednisolone 0.6 mg/kg/day for initial induction therapy 

following by maintenance therapy with 5–10 mg/day for at least 3 years)
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et al. 2015). However, there is not sufficient data to argue 
against prescription of low-dose UDCA (13–17 mg/kg/day), 
as several recent studies have shown that PSC patients who 
normalize cholestatic enzymes have a better prognosis (Al 
Mamari et al. 2013; Lindstrom et al. 2013; Stanich et al. 
2011).

PSC–AIH Variant

Diagnosis

As for PBC–AIH variant, the term “overlap” has been used 
previously for PSC patients with biochemical, serological 
and histological features of AIH. However, currently it has 
been shown that this variant form of PSC cannot be con-
sidered as a separate clinical entity and the term “overlap” 
should be abandoned, as actually it reflects a PSC subphe-
notype during a continuous clinical spectrum of the disease 
(Boberg et al. 2011; Deneau et al. 2017). The PSC–AIH 
variant is observed in 7–14% of mainly young PSC patients 
(Boberg et al. 2011; Deneau et al. 2017; Floreani et al. 2005; 
Lazaridis and LaRusso 2016; Lindor et al. 2015)—6.6% in 
the recent large multicenter study from the international PSC 
study group including 7121 PSC patients (Weismuller et al. 
2017). These patients appear to have less common concur-
rent ulcerative colitis compared to patients with classic PSC 
(Weismuller et al. 2017) (Table 5).

The diagnostic criteria for patients with the PSC–AIH 
variant are even less well defined than those used for the 
diagnosis of PBC–AIH variant, while the diagnostic scor-
ing systems of the IAIHG for the diagnosis of AIH are not 
useful (Dalekos et al. 2018, 2019; European Association for 
the Study of the Liver 2015; Gatselis et al. 2010b; Karlsen 
et al. 2017; Papamichalis et al. 2007). In everyday practice, 
PSC–AIH diagnosis is based on typical cholangiographic or 
histologic characteristics of PSC in combination with AIH 
features (Karlsen et al. 2017; Lazaridis and LaRusso 2016; 
Lindor et al. 2015; Luth et al. 2009) (Table 5). Of note, a 
specific and unique variant has been reported in almost 50% 
of children and adolescents suffering from well-established 
AIH characterized by both AIH and sclerosing cholangi-
tis manifestations (Gregorio et al. 2001; Rojas et al. 2014). 
This variant form called “autoimmune sclerosing cholan-
gitis” and recent guidelines for its diagnosis and manage-
ment have been published by the Hepatology Committee 
of the European Society for Pediatric Gastroenterology, 
Hepatology, and Nutrition (Mieli-Vergani et al. 2018). Tak-
ing together, it is reasonable to recommend further testing 
for AIH including liver histology among PSC patients with 
high aminotransferases (usually > 5×ULN) and/or IgG lev-
els. Similarly, MRCP screening is advised for all children 
and adolescents with an initial AIH diagnosis (Dalekos et al. 
2019; European Association for the Study of the Liver 2015; 

Mieli-Vergani et al. 2018), while it is not justified in adults 
as this entity seems exceptionally rare in adults with AIH 
(Lewin et al. 2009).

Outcome and Treatment

Available data on the outcome of this peculiar and infrequent 
variant form of PSC are scarce and conflicting. Indeed, pre-
vious small case studies have shown a better outcome of 
patients with PSC–AIH variant compared to classic PSC 
probably because of the use of combination treatments 
(immunosuppression plus UDCA) (Floreani et al. 2005; 
Zenouzi and Lohse 2014) although others found opposite 
results (Al-Chalabi et al. 2008; Luth et al. 2009) (Table 5). In 
the recent large study of the international PSC study group, 
it has been shown that patients with PSC–AIH variant had a 
similar risk of liver disease progression compared to those 
with the classic PSC although, the development of hepa-
tobiliary malignancy was significantly lower (Weismuller 
et al. 2017).

As for the PBC–AIH variant, there are no randomized 
controlled trials for patients with PSC–AIH variant to draw 
any firm conclusions for its management (Boberg et al. 
2011). Nevertheless, the combination of immunosuppres-
sive therapy and UDCA has been proposed and response 
criteria have been reported recently for autoimmune scle-
rosing cholangitis, the paediatric form of the variant (Mieli-
Vergani et al. 2018). However, although the biochemical 
and histologic indices may improve, the biliary lesions can 
progress and therefore, the outcome of these patients seems 
worse compared to patients suffering only from AIH (Gre-
gorio et al. 2001; Rojas et al. 2014). The European and the 
Hellenic clinical practice guidelines (Dalekos et al. 2019; 
European Association for the Study of the Liver 2015) have 
also suggested the combination of UDCA and prednisolone 
plus azathioprine, although the literature regarding treatment 
outcome is scarce and response rates are less striking than 
in AIH without PSC. Therefore, large multicenter controlled 
trials are needed for this infrequent variant form of PSC.

IgG4-Associated Sclerosing Cholangitis IgG4-associated 
sclerosing cholangitis is usually confused by unfamiliar 
practitioners as a subtype of PSC. Therefore, its distinc-
tion from classic PSC with high IgG4 levels is important, 
because the cholangiographic lesions of IgG4-associated 
sclerosing cholangitis may resolve completely after corti-
costeroid treatment (Table 5). In addition, contrary to PSC, 
IgG4-associated sclerosing cholangitis is not considered 
a risk factor for the development of cholangiocarcinoma. 
Its diagnosis is based on the following two or more crite-
ria: characteristic biliary findings on imaging, increased 
serum levels of IgG4, coexistence of IgG4-related diseases 
(apart from the involvement of the biliary tract) such as 
autoimmune pancreatitis, dacryoadenitis/sialadenitis or 
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IgG4-related retroperitoneal fibrosis and characteristic his-
topathologic features on bile duct or ampullary biopsy show-
ing marked lymphoplasmacytic infiltration with more than 
ten IgG4-positive plasma cells/high power field, storiform 
fibrosis and obliterative phlebitis with the last two being the 
most important histological findings (Kamisawa et al. 2019; 
Ohara et al. 2012). However, as sometimes it is difficult to 
obtain sufficient specimens, many centres particularly in 
Europe and USA are reluctant to do biopsies of the bile duct 
or the ampulla taking also into account the perceived risk of 
pancreatitis or cholangitis. In these cases, the assessment of 
the efficacy of a trial of corticosteroids could be an optional 
extra diagnostic criterion to confirm an IgG4-associated 
sclerosing cholangitis diagnosis (Table 5).

The diagnostic accuracy of serum IgG4 determination 
is not sufficient while reliable cutoffs have not been estab-
lished. On the other hand, slight increase of serum IgG4 
levels has also been reported in 10–20% of PSC patients 
not fulfilling the criteria of IgG4-associated sclerosing chol-
angitis (Benito de Valle et al. 2014; Berntsen et al. 2015; 
Boonstra et al. 2014; Karlsen et al. 2017; Ohara et al. 2013; 
Tanaka et al. 2014, 2017). Therefore, additional investiga-
tion of IgG4/IgG1 ratio (> 0.24 suggestive of IgG4-associ-
ated sclerosing cholangitis) and blood IgG4/IgG RNA ratio 
by real-time PCR which is high in IgG4-associated scleros-
ing cholangitis have been proposed in an attempt to improve 
the diagnostic algorithm (Boonstra et al. 2014; Doorenspleet 
et al. 2016). Nevertheless, an IgG4 cutoff of ≥ 117 mg/dl has 
been reported to bear 92% sensitivity and 88% specificity 
for the diagnosis of IgG4-associated sclerosing cholangitis, 
while that of ≥ 140 mg/dl or ≥ 280 mg/dl, 90% and 85% or 
70% and 98%, respectively (Ohara et al. 2013).

Although there is not sufficient data on the long-term 
prognosis, the outcome appears favourable as steroids 
treatment is very efficient in the majority of patients with 
IgG4-associated sclerosing cholangitis. Oral prednisolone 
at 0.6 mg/kg/day has been recommended for initial induc-
tion treatment, following by gradual reduction depending 
on the response to a maintenance dose of 5–10 mg/day after 
2–3 months (Table 5). Maintenance therapy should be con-
tinued for at least 3 years (Kamisawa et al. 2019). In case 
of relapse, re-administration of steroids at increased dose 
with or without immunomodulatory drugs (azathioprine, 
mycophenolate mofetil, etc.) or rituximab is recommended 
(Hart et al. 2013; Kamisawa et al. 2019).

Conclusions and Research Agenda

Apart from the typical presentation of PBC and PSC 
patients, there are important variant and specific syndromes 
in everyday clinical practice that need attention (Tables 2, 5). 

In addition, IgG4-associated sclerosing cholangitis is nowa-
days recognized as a specific immune-mediated cholestatic 
liver disease which is largely different from PSC (Table 5). 
Because of their relative rarity, these variant and specific 
forms of autoimmune cholestatic liver diseases suffer from 
several inherent difficulties in definition, diagnosis, inves-
tigation of pathogenesis and management. Some of these 
uncertainties are summarized below which may help sci-
entists to design well-organized, concentrated and pioneer 
multicenter, research collaborations that can guide to better 
understanding of their pathogenesis and treatment options.

•	 Which is the laboratory consensus algorithm of investiga-
tion for AMA detection to minimize the AMA-negative 
PBC cases?

•	 Do we need liver biopsy for PBC diagnosis in AMA-
negative PBC patients in the presence of PBC-specific 
ANA?

•	 Do we need long-term prospective studies on the sig-
nificance and outcome of subjects with isolated AMA 
seropositivity?

•	 Do we need long-term prospective studies on the sig-
nificance and outcome of patients with AIH and AMA 
seropositivity?

•	 What is the real impact of the presence of other extrahe-
patic autoimmune diseases on the outcome, response to 
treatment and quality of life in PBC patients?

•	 Do we need new criteria apart from the Paris criteria 
with “lower cutoffs” of IgG and ALT to proceed to liver 
biopsy in a PBC patient with suspicion of the presence 
of PBC–AIH variant?

•	 Which PBC patient will benefit from immunosuppressive 
treatment? (grade of necroinflammatory activity—inves-
tigation for other markers, e.g., anti-SLA/LP antibodies?)

•	 Validation of the old criteria and the unmet need for a 
specific diagnostic scoring system for the diagnosis of 
PBC–AIH variants.

•	 Which is the degree of histological bile duct injury that 
denotes PBC in patients with already established AIH? 
Do these patients require additional treatment with 
UDCA?

•	 Do we need randomized controlled trials for the manage-
ment of PBC–AIH variants?

•	 Who is the candidate to develop the uncommon variants 
of PBC?

•	 Is testing for serological markers of HBV and HCV infec-
tions of any significance in PBC patients?

•	 Which is the real long-term prognosis and outcome of 
small duct variant form of PSC?

•	 Do we need the establishment of precise and reliable cri-
teria for the diagnosis of PSC–AIH variant?
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•	 Which PSC patient will benefit from the addition of 
immunosuppression? And do we need randomized con-
trolled trials for the management of PSC–AIH variants?

•	 What are the similarities and differences between PSC 
and autoimmune sclerosing cholangitis?

•	 Do we need the establishment of a precise and reliable 
cutoff for IgG4 serum levels?

•	 What is the natural history and long-term prognosis of 
patients with IgG4-associated sclerosing cholangitis and 
what are the similarities with and differences to classic 
PSC?

•	 Do we need randomized controlled trials for the manage-
ment of patients with IgG4-associated sclerosing cholan-
gitis?

Compliance with ethical standards 

Conflict of interest  Authors have nothing to declare.

References

Aabakken L, Karlsen TH, Albert J et al (2017) Role of endoscopy in 
primary sclerosing cholangitis: European Society of Gastrointes-
tinal Endoscopy (ESGE) and European Association for the Study 
of the Liver (EASL) Clinical Guideline. Endoscopy 49:588–608

Al Mamari S, Djordjevic J, Halliday JS et al (2013) Improvement of 
serum alkaline phosphatase to < 1.5 upper limit of normal pre-
dicts better outcome and reduced risk of cholangiocarcinoma in 
primary sclerosing cholangitis. J Hepatol 58:329–334

Al-Chalabi T, Portmann BC, Bernal W et al (2008) Autoimmune hep-
atitis overlap syndromes: an evaluation of treatment response, 
long-term outcome and survival. Aliment Pharmacol Ther 
28:209–220

Ali AH, Sinakos E, Silveira MG et al (2011) Varices in early histo-
logical stage primary biliary cirrhosis. J Clin Gastroenterol 
45:e66–e71

Alvarez F, Berg PA, Bianchi FB et al (1999) International Autoim-
mune Hepatitis Group Report: review of criteria for diagnosis 
of autoimmune hepatitis. J Hepatol 31:929–938

Angulo P, Maor-Kendler Y, Lindor KD (2002) Small-duct primary 
sclerosing cholangitis: a long-term follow-up study. Hepatology 
35:1494–1500

Benito de Valle M, Muller T, Bjornsson E et al (2014) The impact of 
elevated serum IgG4 levels in patients with primary sclerosing 
cholangitis. Dig Liver Dis 46:903–908

Berntsen NL, Klingenberg O, Juran BD et al (2015) Association 
between HLA haplotypes and increased serum levels of IgG4 
in patients with primary sclerosing cholangitis. Gastroenterol-
ogy 148:924–927

Bizzaro N, Covini G, Rosina F et al (2012) Overcoming a “probable” 
diagnosis in antimitochondrial antibody negative primary bil-
iary cirrhosis: study of 100 sera and review of the literature. 
Clin Rev Allergy Immunol 42:288–297

Bjornsson E (2009) Small-duct primary sclerosing cholangitis. Curr 
Gastroenterol Rep 11:37–41

Bjornsson E, Boberg KM, Cullen S et al (2002) Patients with small 
duct primary sclerosing cholangitis have a favourable long 
term prognosis. Gut 51:731–735

Bjornsson E, Olsson R, Bergquist A et al (2008) The natural history 
of small-duct primary sclerosing cholangitis. Gastroenterology 
134:975–980

Boberg KM, Chapman RW, Hirschfield GM et al (2011) Overlap 
syndromes: the International Autoimmune Hepatitis Group 
(IAIHG) position statement on a controversial issue. J Hepa-
tol 54:374–385

Bogdanos DP, Liaskos C, Pares A et al (2007) Anti-gp210 antibody 
mirrors disease severity in primary biliary cirrhosis. Hepatology 
45:1583–1584

Boonstra K, Weersma RK, van Erpecum KJ et al (2013) Population-
based epidemiology, malignancy risk, and outcome of primary 
sclerosing cholangitis. Hepatology 58:2045–2055

Boonstra K, Culver EL, de Buy Wenniger LM et al (2014) Serum 
immunoglobulin G4 and immunoglobulin G1 for distinguishing 
immunoglobulin G4-associated cholangitis from primary scle-
rosing cholangitis. Hepatology 59:1954–1963

Bressler B, Pinto R, El-Ashry D, Heathcote EJ (2005) Which patients 
with primary biliary cirrhosis or primary sclerosing cholangitis 
should undergo endoscopic screening for oesophageal varices 
detection? Gut 54:407–410

Carey EJ, Ali AH, Lindor KD (2015) Primary biliary cirrhosis. Lancet 
386:1565–1575

Chazouilleres O, Wendum D, Serfaty L et al (1998) Primary biliary 
cirrhosis-autoimmune hepatitis overlap syndrome: clinical fea-
tures and response to therapy. Hepatology 28:296–301

Chazouilleres O, Wendum D, Serfaty L et al (2006) Long term outcome 
and response to therapy of primary biliary cirrhosis-autoimmune 
hepatitis overlap syndrome. J Hepatol 44:400–406

Chen HW, Huang HH, Lai CH et al (2013) Hepatitis C virus infection 
in patients with primary biliary cirrhosis. Ann Hepatol 12:78–84

Corpechot C, Chretien Y, Chazouilleres O et al (2010) Demographic, 
lifestyle, medical and familial factors associated with primary 
biliary cirrhosis. J Hepatol 53:162–169

Dahlqvist G, Gaouar F, Carrat F et al (2017) Large-scale characteriza-
tion study of patients with antimitochondrial antibodies but non 
established primary biliary cholangitis. Hepatology 65:152–163

Dalekos GN, Skopouli FN, Tsianos EV (1995) Primary biliary cirrho-
sis associated with anticardiolipin syndrome. Eur J Intern Med 
6:179–181

Dalekos GN, Lygoura V, Gatselis NK (2018) Variants of primary bil-
iary cholangitis: an updated mini-review. J Autoimmune Dis 
Rheumatol 6:21–28

Dalekos GN, Koskinas J, Papatheodoridis GV (2019) Hellenic Associa-
tion for the Study of the Liver (HASL) clinical practice guide-
lines: autoimmune hepatitis. Ann Gastroenterol 32:1–23

de Franchis R (2015) Expanding consensus in portal hypertension: 
report of the Baveno VI Consensus Workshop: Stratifying risk 
and individualizing care for portal hypertension. J Hepatol 
63:743–752

Deneau MR, El-Matary W, Valentino PL et al (2017) The natural his-
tory of primary sclerosing cholangitis in 781 children: a multi-
center, international collaboration. Hepatology 66:518–527

Dinani AM, Fischer SE, Mosko J, Guindi M et al (2012) Patients with 
autoimmune hepatitis who have antimitochondrial antibodies 
need long-term follow-up to detect late development of primary 
biliary cirrhosis. Clin Gastroenterol Hepatol 10:682–684

Doorenspleet ME, Hubers LM, Culver EL et al (2016) Immunoglobu-
lin G4(+) B-cell receptor clones distinguish immunoglobulin G 
4-related disease from primary sclerosing cholangitis and biliary/
pancreatic malignancies. Hepatology 64:501–507

Dyson JK, De Martin E, Dalekos GN et al (2019) Review article: unan-
swered clinical and research questions in autoimmune hepatitis: 



209Archivum Immunologiae et Therapiae Experimentalis (2019) 67:197–211	

1 3

conclusions of the International Autoimmune Hepatitis Group 
Research Workshop. Aliment Pharmacol Ther 49:528–536

European Association for the Study of the Liver (2015) EASL 
Clinical Practice Guidelines: autoimmune hepatitis. J Hepatol 
63:971–1004

European Association for the Study of the Liver (2017a) EASL Clinical 
Practice Guidelines: the diagnosis and management of patients 
with primary biliary cholangitis. J Hepatol 67:145–172

European Association for the Study of the Liver (2017b) EASL 2017 
Clinical Practice Guidelines on the management of hepatitis B 
virus infection. J Hepatol 67:370–398

European Association for the Study of the Liver (2018) EASL Rec-
ommendations on treatment of hepatitis C 2018. J Hepatol 
69:461–511

Eyraud V, Chazouilleres O, Ballot E et al (2009) Significance of anti-
bodies to soluble liver antigen/liver pancreas: a large French 
study. Liver Int 29:857–864

Floreani A, Baragiotta A, Leone MG et al (2003) Primary biliary 
cirrhosis and hepatitis C virus infection. Am J Gastroenterol 
98:2757–2762

Floreani A, Rizzotto ER, Ferrara F et al (2005) Clinical course and 
outcome of autoimmune hepatitis/primary sclerosing cholangitis 
overlap syndrome. Am J Gastroenterol 100:1516–1522

Floreani A, Caroli D, Variola A et al (2011) A 35-year follow-up of a 
large cohort of patients with primary biliary cirrhosis seen at a 
single centre. Liver Int 31:361–368

Floreani A, Franceschet I, Cazzagon N et al (2015a) Extrahepatic auto-
immune conditions associated with primary biliary cirrhosis. 
Clin Rev Allergy Immunol 48:192–197

Floreani A, Motta R, Cazzagon N et al (2015b) The overlap syndrome 
between primary biliary cirrhosis and primary sclerosing chol-
angitis. Dig Liver Dis 47:432–435

Fussey SP, Guest JR, James OF et al (1988) Identification and analysis 
of the major M2 autoantigens in primary biliary cirrhosis. Proc 
Natl Acad Sci USA 85:8654–8658

Gabeta S, Norman GL, Liaskos C et al (2007) Diagnostic relevance 
and clinical significance of the new enhanced performance M2 
(MIT3) ELISA for the detection of IgA and IgG antimitochon-
drial antibodies in primary biliary cirrhosis. J Clin Immunol 
27:378–387

Gatselis NK, Dalekos GN (2016) Molecular diagnostic testing for pri-
mary biliary cholangitis. Expert Rev Mol Diagn 16:1001–1010

Gatselis NK, Stefos A, Gioti C et al (2007) Primary biliary cirrhosis 
and Henoch-Schonlein purpura: report of two cases and review 
of the literature. Liver Int 27:280–283

Gatselis NK, Zachou K, Dalekos GN (2010a) Early primary biliary 
cirrhosis: a new association with erythema nodosum of unknown 
origin. Gastroenterol Res Pract 2010:121620

Gatselis NK, Zachou K, Papamichalis P et al (2010b) Comparison of 
simplified score with the revised original score for the diagnosis 
of autoimmune hepatitis: a new or a complementary diagnostic 
score? Dig Liver Dis 42:807–812

Gatselis NK, Zachou K, Norman GL et al (2013) Clinical signifi-
cance of the fluctuation of primary biliary cirrhosis-related 
autoantibodies during the course of the disease. Autoimmunity 
46:471–479

Gatselis NK, Zachou K, Koukoulis GK et al (2015) Autoimmune hep-
atitis, one disease with many faces: etiopathogenetic, clinico-
laboratory and histological characteristics. World J Gastroenterol 
21:60–83

Gatselis NK, Zachou K, Lygoura V et al (2017) Geoepidemiology, 
clinical manifestations and outcome of primary biliary cholan-
gitis in Greece. Eur J Intern Med 42:81–88

Gershwin ME, Mackay IR, Sturgess A et al (1987) Identification 
and specificity of a cDNA encoding the 70 kd mitochondrial 

antigen recognized in primary biliary cirrhosis. J Immunol 
138:3525–3531

Gershwin ME, Selmi C, Worman HJ et al (2005) Risk factors and 
comorbidities in primary biliary cirrhosis: a controlled interview-
based study of 1032 patients. Hepatology 42:1194–1202

Granito A, Muratori P, Quarneti C et al (2012) Antinuclear antibodies 
as ancillary markers in primary biliary cirrhosis. Expert Rev Mol 
Diagn 12:65–74

Gregorio GV, Portmann B, Karani J et al (2001) Autoimmune hepatitis/
sclerosing cholangitis overlap syndrome in childhood: a 16-year 
prospective study. Hepatology 33:544–553

Haldar D, Hirschfield GM (2014) Overlap syndrome: a real syndrome? 
Clin Liver Dis 3:43–47

Halliday JS, Djordjevic J, Lust M et al (2012) A unique clinical pheno-
type of primary sclerosing cholangitis associated with Crohn’s 
disease. J Crohns Colitis 6:174–181

Harms MH, Lammers WJ, Thorburn D et al (2018) Major hepatic com-
plications in ursodeoxycholic acid-treated patients with primary 
biliary cholangitis: risk factors and time trends in incidence and 
outcome. Am J Gastroenterol 113:254–264

Hart PA, Topazian MD, Witzig TE et al (2013) Treatment of relapsing 
autoimmune pancreatitis with immunomodulators and rituximab: 
the Mayo Clinic experience. Gut 62:1607–1615

Hatzis GS, Fragoulis GE, Karatzaferis A et al (2008) Prevalence and 
longterm course of primary biliary cirrhosis in primary Sjögren’s 
syndrome. J Rheumatol 35:2012–2016

Hennes EM, Zeniya M, Czaja AJ et al (2008) Simplified criteria for 
the diagnosis of autoimmune hepatitis. Hepatology 48:169–176

Heurgue A, Vitry F, Diebold MD et al (2007) Overlap syndrome of pri-
mary biliary cirrhosis and autoimmune hepatitis: a retrospective 
study of 115 cases of autoimmune liver disease. Gastroenterol 
Clin Biol 31:17–25

Hirschfield GM, Heathcote EJ (2008) Antimitochondrial antibody-
negative primary biliary cirrhosis. Clin Liver Dis 12:323–331

Hirschfield GM, Dyson JK, Alexander GJM et al (2018) The British 
Society of Gastroenterology/UK-PBC primary biliary cholangitis 
treatment and management guidelines. Gut 67:1568–1594

Huang YQ (2016) Recent advances in the diagnosis and treatment of 
primary biliary cholangitis. Word J Hepatol 8:1419–1441

Iguchi H, Oda M, Yamazaki H et al (2014) Aquaporin-1 is associated 
with arterial capillary proliferation and hepatic sinusoidal trans-
formation contributing to portal hypertension in primary biliary 
cirrhosis. Med Mol Morphol 47:90–99

Ikeda F, Okamoto R, Baba N et al (2012) Prevalence and associated 
factors with esophageal varices in early primary biliary cirrhosis. 
J Gastroenterol Hepatol 27:1320–1328

Invernizzi P, Podda M, Battezzati PM et al (2001) Autoantibodies 
against nuclear pore complexes are associated with more active 
and severe liver disease in primary biliary cirrhosis. J Hepatol 
34:366–372

Kamisawa T, Nakazawa T, Tazuma S et al (2019) Clinical practice 
guidelines for IgG4-related sclerosing cholangitis. J Hepatobil-
iary Pancreat Sci 26:9–42

Kanzler S, Bozkurt S, Herkel J et al (2001) Presence of SLA/LP 
autoantibodies in patients with primary biliary cirrhosis as a 
marker for secondary autoimmune hepatitis (overlap syndrome). 
Dtsch Med Wochenschr 126:450–456

Karlsen TH, Folseraas T, Thorburn D et al (2017) Primary sclerosing 
cholangitis—a comprehensive review. J Hepatol 67:1298–1323

Kuiper EM, Zondervan PE, van Buuren HR (2010) Paris criteria are 
effective in diagnosis of primary biliary cirrhosis and autoim-
mune hepatitis overlap syndrome. Clin Gastroenterol Hepatol 
8:530–534

Lammers WJ, Hirschfield GM, Corpechot C et al (2015) Development 
and validation of a scoring system to predict outcomes of patients 



210	 Archivum Immunologiae et Therapiae Experimentalis (2019) 67:197–211

1 3

with primary biliary cirrhosis receiving ursodeoxycholic acid 
therapy. Gastroenterology 149:1804–1812

Lazaridis KN, LaRusso NF (2016) Primary sclerosing cholangitis. N 
Engl J Med 375:1161–1170

Levy C, Zein CO, Gomez J et al (2007) Prevalence and predictors of 
esophageal varices in patients with primary biliary cirrhosis. Clin 
Gastroenterol Hepatol 5:803–808

Levy C, Naik J, Giordano C et al (2014) Hispanics with primary biliary 
cirrhosis are more likely to have features of autoimmune hepatitis 
and reduced response to ursodeoxycholic acid than non-Hispan-
ics. Clin Gastroenterol Hepatol 12:1398–1405

Lewin M, Vilgrain V, Ozenne V et al (2009) Prevalence of sclerosing 
cholangitis in adults with autoimmune hepatitis: a prospective 
magnetic resonance imaging and histological study. Hepatology 
50:528–537

Liaskos C, Bogdanos DP, Rigopoulou EI et al (2007) Development of 
antimitochondrial antibodies in patients with autoimmune hepati-
tis: art of facts or an artifact? J Gastroenterol Hepatol 22:454–455

Liaskos C, Norman GL, Moulas A et al (2010) Prevalence of gastric 
parietal cell antibodies and intrinsic factor antibodies in primary 
biliary cirrhosis. Clin Chim Acta 411:411–415

Lindor KD, Kowdley KV, Harrison ME (2015) ACG Clinical Guide-
line: primary sclerosing cholangitis. Am J Gastroenterol 
110:646–659

Lindstrom L, Hultcrantz R, Boberg KM et al (2013) Association 
between reduced levels of alkaline phosphatase and survival 
times of patients with primary sclerosing cholangitis. Clin Gas-
troenterol Hepatol 11:841–846

Liu H, Norman GL, Shums Z et al (2010) PBC screen: an IgG/IgA 
dual isotype ELISA detecting multiple mitochondrial and nuclear 
autoantibodies specific for primary biliary cirrhosis. J Autoim-
mun 35:436–442

Lohse AW, Zum Bϋschenfelde KH, Franz B et al (1999) Characteriza-
tion of the overlap syndrome of primary biliary cirrhosis (PBC) 
and autoimmune hepatitis: evidence for it being a hepatitic 
form of PBC in genetically susceptible individuals. Hepatology 
29:1078–1084

Lunder AK, Hov JR, Borthne A et al (2016) Prevalence of sclerosing 
cholangitis detected by magnetic resonance cholangiography in 
patients with long-term inflammatory bowel disease. Gastroen-
terology 151(660–669):e4

Luth S, Kanzler S, Frenzel C et al (2009) Characteristics and long-term 
prognosis of the autoimmune hepatitis/primary sclerosing chol-
angitis overlap syndrome. J Clin Gastroenterol 43:75–80

Maruyama H, Kondo T, Sekimoto T et al (2015) Retrograde detec-
tion of the intrahepatic portal vein in primary biliary cirrhosis: 
is sinusoidal blockage the underlying pathophysiology? Eur J 
Gastroenterol Hepatol 27:321–327

Mattalia A, Quaranta S, Leung PS et al (1998) Characterization of 
antimitochondrial antibodies in health adults. Hepatology 
27:656–661

Mells GF, Pells G, Newton JL et al (2013) Impact of primary biliary 
cirrhosis on perceived quality of life: the UK-PBC national study. 
Hepatology 58:273–283

Mendes F, Lindor KD (2008) Antimitochondrial antibody-negative pri-
mary biliary cirrhosis. Gastroenterol Clin North Am 37:479–484

Metcalf JV, Mitchinson HC, Palmer JM et al (1996) Natural history of 
early primary biliary cirrhosis. Lancet 348:1399–1402

Mieli-Vergani G, Vergani D, Baumann U et al (2018) Diagnosis and 
management of pediatric autoimmune liver disease: ESPGHAN 
hepatology committee position statement. J Pediatr Gastroenterol 
Nutr 66:345–360

Mitchison HC, Bassendine MF, Hendrick A et al (1986) Positive anti-
mitochondrial antibody but normal alkaline phosphatase: is this 
primary biliary cirrhosis? Hepatology 6:1279–1284

Montano-Loza AJ, Carpenter HA, Czaja AJ (2008) Frequency, 
behavior, and prognostic implications of antimitochondrial 
antibodies in type 1 autoimmune hepatitis. J Clin Gastroenterol 
42:1047–1053

Muratori P, Granito A, Pappas G et al (2009) The serological profile 
of the autoimmune hepatitis/primary biliary cirrhosis overlap 
syndrome. Am J Gastroenterol 104:1420–1425

Muratori P, Efe C, Muratori L et al (2017) Clinical implications of 
antimitochondrial antibody seropositivity in autoimmune hepati-
tis: a multicentre study. Eur J Gastroenterol Hepatol 29:777–780

Murillo Perez CF, Goet JC, Lammers WJ et al (2018) Milder disease 
stage in patients with primary biliary cholangitis over a 44-year 
period: a changing natural history. Hepatology 67:1920–1930

Nair V, Fischer SE, Adeyi OA (2010) Non-viral-related pathologic 
findings in liver needle biopsy specimens from patients with 
chronic viral hepatitis. Am J Clin Pathol 133:127–132

Nakamura M, Kondo H, Mori T et al (2007) Anti-gp210 and anti-cen-
tromere antibodies are different risk factors for the progression 
of primary biliary cirrhosis. Hepatology 45:118–127

Nakanuma Y, Hoso M, Mizuno Y et al (1988) Pathologic study of 
primary biliary cirrhosis of early histologic stages presenting 
cholestatic jaundice. Liver 8:319–324

O’Brien C, Joshi S, Feld JJ et al (2008) Long-term follow-up of antimi-
tochondrial antibody-positive autoimmune hepatitis. Hepatology 
48:550–556

Ohara H, Okazaki K, Tsubouchi H et al (2012) Clinical diagnostic cri-
teria of IgG4-related sclerosing cholangitis 2012. J Hepatobiliary 
Pancreat Sci 19:536–542

Ohara H, Nakazawa T, Kawa S et al (2013) Establishment of a serum 
IgG4 cut-off value for the differential diagnosis of IgG4-related 
sclerosing cholangitis: a Japanese cohort. J Gastroenterol Hepatol 
28:1247–1251

Ozaslan E, Efe C, Heurgue-Berlot A et al (2014) Factors associated 
with response to therapy and outcome of patients with primary 
biliary cirrhosis with features of autoimmune hepatitis. Clin Gas-
troenterol Hepatol 12:863–869

Papamichalis PA, Zachou K, Koukoulis GK et al (2007) The revised 
international autoimmune hepatitis score in chronic liver dis-
eases including autoimmune hepatitis/overlap syndromes and 
autoimmune hepatitis with concurrent other liver disorders. J 
Autoimmune Dis 4:3

Ponsioen CY, Chapman RW, Chazouillères O et al (2016) Surrogate 
endpoints for clinical trials in primary sclerosing cholangitis: 
review and results from an International PSC Study Group con-
sensus process. Hepatology 63:1357–1367

Poupon R, Chazouilleres O, Corpechot C et al (2006) Development 
of autoimmune hepatitis in patients with typical primary biliary 
cirrhosis. Hepatology 44:85–90

Ramos-Casals M, Pares A, Jara LJ et al (2005) Antimitochondrial 
antibodies in patients with chronic hepatitis C virus infection: 
description of 18 cases and review of the literature. J Viral Hepat 
12:648–654

Rigopoulou EI, Dalekos GN (2004) Anti-sp100 antibodies in primary 
biliary cirrhosis. Scand J Gastroenterol 39:406–407

Rigopoulou EI, Dalekos GN (2008) Molecular diagnostics of primary 
biliary cirrhosis. Expert Opin Med Diagn 2:621–634

Rigopoulou EI, Davies ET, Pares A et al (2005) Prevalence and clinical 
significance of isotype specific antinuclear antibodies in primary 
biliary cirrhosis. Gut 54:528–532

Rigopoulou EI, Zachou K, Gatselis NK et al (2013) Primary biliary 
cirrhosis in HBV and HCV patients: clinical characteristics and 
outcome. World J Hepatol 5:577–583

Rojas CP, Bodicharla R, Campuzano-Zuluanga G et al (2014) Autoim-
mune hepatitis and primary sclerosing cholangitis in children and 
adolescents. Fetal Pediatr Pathol 33:202–209



211Archivum Immunologiae et Therapiae Experimentalis (2019) 67:197–211	

1 3

Schramm C, Eaton J, Ringe KI et al (2017) Recommendations on the 
use of magnetic resonance imaging in PSC-A position state-
ment from the International PSC Study Group. Hepatology 
66:1675–1688

Shen M, Zhang F, Zhang X (2009) Pulmonary hypertension in primary 
biliary cirrhosis: a prospective study in 178 patients. Scand J 
Gastroenterol 44:219–223

Shibata M, Onozuka Y, Morizane T et al (2004) Prevalence of antimi-
tochondrial antibody in Japanese corporate workers in Kanagawa 
prefecture. J Gastroenterol 39:255–259

Silveira MG, Talwalkar JA, Angulo P et al (2007) Overlap of auto-
immune hepatitis and primary biliary cirrhosis: long-term out-
comes. Am J Gastroenterol 102:1244–1250

Stanich PP, Bjornsson E, Gossard AA et al (2011) Alkaline phos-
phatase normalization is associated with better prognosis in pri-
mary sclerosing cholangitis. Dig Liver Dis 43:309–313

Sundaram S, Kiran S, Mazumdar S et al (2018) Overlap syndrome 
between primary biliary cholangitis and primary sclerosing chol-
angitis. ACG Case Rep J 5:e54

Takemoto R, Miyake Y, Harada K et al (2014) Overlap of IgG4-related 
sclerosing cholangitis and primary biliary cirrhosis. Intern Med 
53:1429–1433

Tanaka A, Tazuma S, Okazaki K et al (2014) Nationwide survey for 
primary sclerosing cholangitis and IgG4-related sclerosing chol-
angitis in Japan. J Hepatobiliary Pancreat Sci 21:43–50

Tanaka A, Tazuma S, Nakazawa T et al (2017) No negative impact of 
serum IgG4 levels on clinical outcome in 435 patients with pri-
mary sclerosing cholangitis from Japan. J Hepatobiliary Pancreat 
Sci 24:217–225

Tomizawa M, Shinozaki F, Fugo K et al (2015) Anti-mitochondrial 
M2 antibody-positive autoimmune hepatitis. Exp Ther Med 
10:1419–1422

Trivedi PJ, Hirschfield GM (2012) Review article: overlap syn-
dromes and autoimmune liver disease. Aliment Pharmacol Ther 
36:517–533

Turchany JM, Uibo R, Kivik T et al (1997) A study of antimitochon-
drial antibodies in a random population in Estonia. Am J Gas-
troenterol 92:124–126

Vleggaar FP, van Buuren HR, Zondervan PE et al (2001) Jaundice in 
non-cirrhotic primary biliary cirrhosis: the premature ductopenic 
variant. Gut 49:276–281

Wang Q, Selmi C, Zhou X et al (2013) Epigenetic considerations and 
the clinical reevaluation of the overlap syndrome between pri-
mary biliary cirrhosis and autoimmune hepatitis. J Autoimmun 
41:140–145

Weismuller TJ, Trivedi PJ, Bergquist A et al (2017) Patient age, sex, 
and inflammatory bowel disease phenotype associate with 
course of primary sclerosing cholangitis. Gastroenterology 
152(1975–1984):e8

Yang F, Wang Q, Wang Z et al (2016) The natural history and progno-
sis of primary biliary cirrhosis with clinical features of autoim-
mune hepatitis. Clin Rev Allergy Immunol 50:114–123

Zachou K, Liaskos C, Rigopoulou E et al (2006) Presence of high 
avidity anticardiolipin antibodies in patients with autoimmune 
cholestatic liver diseases. Clin Immunol 119:203–212

Zachou K, Gatselis NK, Papadamou G et al (2011) Mycophenolate 
for the treatment of autoimmune hepatitis: prospective assess-
ment of its efficacy and safety for induction and maintenance of 
remission in a large cohort of treatment-naive patients. J Hepatol 
55:636–646

Zachou K, Muratori P, Koukoulis GK et al (2013) Review article: auto-
immune hepatitis—current management and challenges. Aliment 
Pharmacol Ther 38:887–913

Zachou K, Gampeta S, Gatselis NK et al (2015) Anti-SLA/LP alone 
or in combination with anti-Ro52 and fine specificity of anti-
Ro52 antibodies in patients with autoimmune hepatitis. Liver 
Int 35:660–672

Zachou K, Gatselis NK, Arvaniti P et al (2016) A real-world study 
focused on the long-term efficacy of mycophenolate mofetil as 
first-line treatment of autoimmune hepatitis. Aliment Pharmacol 
Ther 43:1035–1047

Zenouzi R, Lohse AW (2014) Long-term outcome in PSC/AIH “over-
lap syndrome”: does immunosuppression also treat the PSC com-
ponent? J Hepatol 61:1189–1191

Zhang H, Li S, Yang J et al (2015) A meta-analysis of ursodeoxycholic 
acid therapy versus combination therapy with corticosteroids for 
PBC-AIH-overlap syndrome: evidence from 97 monotherapy and 
117 combinations. Prz Gastroenterol 10:148–155

Zografos TA, Gatselis N, Zachou K et  al (2012) Primary biliary 
cirrhosis-specific autoantibodies in first degree relatives of 
Greek primary biliary cirrhosis patients. Word J Gastroenterol 
18:4721–4728

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Variant and Specific Forms of Autoimmune Cholestatic Liver Diseases
	Abstract
	Introduction
	Common Variants and Specific Forms of PBC
	AMA-Negative PBC
	Isolated AMA Positivity
	AMA Positivity in Patients with Well-Established AIH
	PBC Accompanied by Other Extrahepatic Autoimmune Diseases
	PBC–AIH Variant
	Diagnosis
	Outcome and Treatment


	Uncommon Variants and Specific Forms of PBC
	Premature Ductopenic Variant of PBC
	Non-Cirrhotic PBC Variant with Portal Hypertension
	PBC with Concurrent Viral Hepatitis B or C
	PBC–PSC and PBC–IgG4 Sclerosing Cholangitis Variants

	PSC Variants
	Small Duct PSC Variant
	PSC–AIH Variant
	Diagnosis
	Outcome and Treatment


	Conclusions and Research Agenda
	References




