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Summary
Autoimmune cholestatic liver diseases are rare hepato-biliary disorders characterized by a 
progressive, inflammatory destruction of bile ducts. Primary biliary cholangitis (PBC) and 
primary sclerosing cholangitis (PSC) are the main autoimmune cholestatic liver diseases. 
Both may evolve into secondary biliary cirrhosis and its complications. Therapeutic options 
are limited and liver transplantation remains the only definitive treatment for PBC and PSC.
Most PBC and PSC patients have a typical presentation, which does not require liver 
biopsy. However, in routine clinical practice, important variants or specific subgroups that 
benefit from liver biopsy for proper management may be observed. Herein, we provide a 
general overview of clinical and pathological characteristic of PBC and PSC, highlighting 
the most important features for routine diagnostic practice.

Key words: immune-mediated cholangitis, autoimmune cholangitis, PBC, PSC, overlap 
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Introduction

Immune-mediated cholangiopathies are chronic cholestatic disorders 
whose development is driven by auto- and allo-immunity 1,2. They include 
primary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC), 
IgG4-related sclerosing cholangitis, graft-versus-host disease and he-
patic allograft rejection, even if some studies also consider biliary atresia 
as an altered immunity-associated disease 1-5. These diseases affect the 
biliary tree at different levels and for different extent, and they may also 
involve the peribiliary glands 6.
Immune-mediated cholangiopathies are characterized by an accumula-
tion of activated auto- or allo-reactive T lymphocytes at the site of bile 
duct destruction, as the regulatory T cell is the main effector in the initia-
tion of the process 6-8.
In this review we will focus on PBC and PSC, which are considered the 
main autoimmune cholestatic liver diseases.
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Primary biliary cholangitis

PBC, formerly known as primary biliary cirrhosis, is 
a chronic inflammatory autoimmune cholestatic liver 
disease characterized by the destruction of small in-
trahepatic bile ducts, leading to fibrosis and eventually 
cirrhosis and its complications 9,10. In 1950, Ahrens et 
al. defined PBC in a series of 25 cases of diagnosed 
chronic intrahepatic biliary obstruction with xanthoma-
tosis. However, Addison and Gull had described the 
very first case of PBC almost 100 years earlier 10.

Epidemiology

PBC is mainly diagnosed in women (92% of patients), 
with a female:male ratio of about 10:1, and a mean 
age at presentation of 55 years. Population-based epi-
demiological studies across Europe, North America, 
Asia, and Australia have revealed an incidence of 0.9 
to 5.8 per 100,000 people per year. Some groups re-
ported an increasing incidence over time, but whether 
this denotes a true rise or is biased by advances in di-
agnosis, is still unclear 9,10. The prevalence of the dis-
ease ranges from 1.9 to 40.2 per 100,000 people, and 
has also grown over time. The increased prevalence 
is probably attributable to a combination of better dis-
ease recognition and data collection, and increased 
survival after the introduction of ursodeoxycholic acid 
(UDCA). PBC is characterized by a significant geo-
graphical discrepancy, suggesting a possible role 
of environmental triggers in the development of dis-
ease 10.

Overview on clinical and laboratory features 

Fatigue and pruritus are the most common symptoms 
in PBC patients, and often have a quite negative effect 
on quality of life 9,10. Patients with pruritus might have 
excoriations or bleeding as a result of chronic scratch-
ing. Melanin deposition may occur, causing hyperpig-
mentation of the skin in up to 50% of cases. Long-term 
complications of the disease include osteopenia and 
osteoporosis, hyperlipidemia and vitamin deficien-
cies  10. In late stages, typical signs of cirrhosis and 
portal hypertension (spider nevi, palmar erythema, 
ascites, splenomegaly and muscle wasting) might be 
present, as well as an increased risk of hepatocellular 
carcinoma (HCC) 9,10. In the cirrhotic stage of the dis-
ease, radiological HCC surveillance is therefore man-
datory 10. Patients with PBC, particularly women, have 
a higher likelihood of other concomitant autoimmune 
disorders, and up to 55% have an additional ongo-
ing autoimmune process, such as autoimmune Hashi-
moto’s thyroiditis, Sjogren’s syndrome and Raynaud’s 
disease 3,10-12.
PBC patients typically present with a chronic choles-

tatic biochemical profile: alkaline phosphatase (ALP) 
levels are increased to 2 or more times the upper limit 
of normal, and this increase is usually sustained for 6 
months or longer; similarly, γ-glutamyl transferase lev-
els are increased to 5 or more times the upper limit of 
normal. Total bilirubin is usually normal in early stages, 
while abnormal values should raise concern for ad-
vanced disease. Serum aminotransferases might be 
slightly elevated 9. The serological hallmark of PBC is 
the presence of anti-mitochondrial antibodies (AMA), 
highly disease-specific antibodies identified in about 
95% of PBC patients 9,10. AMA in a patient with raised 
ALP is diagnostic of PBC, after the exclusion of other 
intrahepatic and extrahepatic causes of cholestasis. 
AMA-negative PBC occurs in 5% of patients with an 
otherwise typical clinical, biochemical and histologi-
cal profile 3,10. The presence of isolated AMA positiv-
ity in the absence of clinically apparent liver disease 
or abnormal liver function tests is seen in up to 0.5% 
of otherwise healthy individuals. This finding may be 
a hallmark of preclinical disease, and up to 17% will 
develop PBC over 5 years  3,10. Other autoantibodies 
are often identified in PBC patients, particularly anti-
nuclear antibodies (ANA). Anti-Sp100 and anti-gp210 
ANA have a high specificity for PBC, and could be of 
help in the diagnosis when AMA are negative. More-
over, the presence of anti-Sp100 or anti-gp210 is as-
sociated with a more clinically aggressive disease 9,10. 
IgM levels are often high, and this is useful in the dif-
ferential diagnosis with autoimmune hepatitis (AIH) in 
which high IgG levels are typical, while IgM levels are 
low. Hyperlipidemia is also a common finding 9,10.
PBC may coexist with other liver autoimmune disor-
ders, particularly AIH (see the “Overlap variants” para-
graph).
The goals of treatment and management are the pre-
vention of end-stage liver disease, and the improve-
ment of associated symptoms. The natural history 
of the disease has changed substantially with the 
introduction of UDCA, as it has significantly amelio-
rated transplant-free survival in PBC patients, espe-
cially when started early in the disease course 9,10,13,14. 
However, about 40% of patients do not have a bio-
chemical response to UDCA and would probably 
benefit from new therapies, such as obeticholic acid 
and off-label therapies (fibric acid derivatives and 
budesonide)  9,10,14-16. Orthotopic liver transplantation 
(OLT) is life-saving with excellent outcomes for those 
with decompensated cirrhosis10. Recurrent PBC after 
OLT occurs in up to 25% of patients 10.
In the last few years, efforts have been made to im-
prove prognostic tools in PBC patients. The Global 
PBC Study Group and the UK-PBC consortium de-
veloped two new continuous scoring systems, the 
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GLOBE Score and the UK-PBC Risk Score, consid-
ering both measures of treatment response and pa-
rameters of disease severity 10,17,18. Both showed better 
performance in the prediction of death or OLT than 
previous criteria 9,10.
In the presence of a cholestatic liver profile and AMA 
positivity, liver biopsy is not necessary to establish 
the diagnosis of PBC. However, biopsy is manda-
tory when AMA are absent, if the biochemical profile 
shows a mixed cholestatic and hepatocellular pattern, 
or when other co-existent liver diseases, such as AIH 
or non-alcoholic steatohepatitis (NASH), are suspect-
ed  9,10,19. Even if liver biopsy remains the gold stan-
dard, non-invasive methods to assess hepatic fibro-
sis are currently being considered, such as transient 
elastography, that has demonstrated more than 90% 
of sensitivity and specificity for detecting advanced fi-
brosis in PBC patients 10.

Pathogenesis

PBC seems to be related to complex interactions 
between genetic predisposition and environmental 
triggers. Geographical clustering of cases has been 
reported, and different factors have been associated 
with the disease, such as infectious agents, hair dyes, 
nail polish and cigarette smoking, even if their role has 
not been yet defined. The prevalence of disease is 
higher in families with an affected member, and sev-
eral North American and European studies described 
a strong link between HLA alleles and PBC. Recent 
molecular studies reported that PBC shares some risk 
alleles with other autoimmune diseases. These risk al-
leles seem to occur in genes associated with immune 
function, potentially affecting different immune path-
ways, although the mechanisms by which they affect 
phenotype are not yet known 10,20-22.
The target cell in PBC is the cholangiocyte, which 
seems to express T-cell ligands essential for the in-
duction of biliary epithelial autolysis. Moreover, chol-
angiocytes may act as antigen-presenting cells, thus 
amplifying the immune response 10,21,23-25.
Farnesoid X receptors are nuclear hormone receptors 
which are essential in bile acid metabolism. They play 
a role in cholestatic liver diseases and may represent 
new potential therapeutic targets 10.

Histology

None of the histological changes seen in PBC sam-
ples are pathognomonic, thus histological features 
need to be interpreted in the light of clinical and labo-
ratory findings, as in most liver disease settings.
The florid duct lesion, also referred to as non-suppu-
rative destructive cholangitis, is the distinctive histo-
logical lesion in PBC. However, even if considered typ-

ical, it is seen in only about 10% of biopsy specimens 
from PBC patients, usually at early disease stages 6,9. 
The florid duct lesion is characterized by a chronic, 
intense, inflammatory infiltrate which surrounds and 
eventually destroys the bile ducts 6,9,26 (Fig. 1). Inflam-
matory cells classically infiltrate between adjacent 
cholangiocytes, destroying the bile duct basement 
membrane (Fig. 2). The inflammatory activity of PBC 
affects the small interlobular and septal bile ducts, 
with sparing of the large and extrahepatic ducts. In 
the affected bile ducts, cholangiocytes show swelling, 
vacuolated or eosinophilic cytoplasm and pyknotic 
nuclei. The biliary epithelium also shows prolifera-
tive changes with stratification  27. The rupture of the 
bile duct basement membrane may lead to bile duct 
ectasia  6. The inflammatory infiltrate consists mainly 
of CD4+ and CD8+ T lymphocytes, with a variable 
number of other inflammatory cells  6. Inflammatory 
cells may sometimes coalesce to form an epithelioid 
non-caseating granuloma, which is a typical finding 
in PBC samples, particularly when intimately associ-
ated with a damaged bile duct (Fig. 3). Infections and 
sarcoidosis are the main differential diagnoses in the 
presence of granulomas in a liver specimen. Special 
stains for microorganisms as well as a close correla-
tion with clinical data are required to reach a correct 
diagnosis 6,10. Bile duct damage is usually associated 
with ductular reaction along the periphery of portal 
tracts, mainly at early disease stages 20,28 (Fig. 4).
Portal tract (PT) inflammation accompanies bile duct 
damage. Lymphocytes are the predominant cells, but 
plasma cells are often numerous and this should not  

Figure 1. A florid duct lesion in a primary biliary cholangitis 
patient. A chronic inflammatory infiltrate made of lympho-
cytes and plasma cells surrounds and destroys the bile duct 
(hematoxylin-eosin; original magnification 20x).
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be misinterpreted as a sign of AIH. A coronal arrange-
ment of plasma cells around the bile duct has been 
considered distinctive for PBC 6,29. Eosinophils may al-
so be numerous, particularly at earlier stages (Fig. 5). 
Lymphoid follicles are often seen in portal tracts of 
PBC patients, both at early and late stages 10,20.
PT inflammation is often associated with interface hep-
atitis, which is usually mild. If interface hepatitis domi-
nates the histological picture, an alternative diagnosis 
of AIH or PBC-AIH variant should be considered 6. 

Parenchymal necro-inflammatory changes, including 
hepatocyte necrosis, acidophilic bodies, Kupffer cell 
hyperplasia and sinusoidal infiltration by lymphocytes 
and pigment-laden macrophages, may be seen, but 
they are generally mild in severity  9. Severe necro-
inflammatory lobular damage should always raise the 
suspicion of AIH or PBC-AIH variant. 
In advanced disease stages, the toxic effect of hy-
drophobic bile acids causes the so-called feathery 
degeneration of hepatocytes (Fig. 6). Bile stasis also 

Figure 2. Lymphocytes infiltrate between adjacent cholan-
giocytes, destroying the bile duct basement membrane (ar-
rows) (Masson’s trichrome stain; original magnification 40x).

Figure 4. A portal tract showing a damaged bile duct and 
diffuse ductular reaction (cytokeratin 7 immunostain; origi-
nal magnification 10x).

Figure 3. A typical epithelioid non-caseating granuloma in 
a portal tract, intimately associated with a damaged bile duct 
(hematoxylin-eosin; original magnification 20x).

Figure 5. A portal tract with dense chronic inflammatory 
infiltrate, with numerous eosinophils (arrows), focally ar-
ranged in clusters (asterisk) (hematoxylin-eosin; original 
magnification 40x).
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leads to deposition of copper or copper-associated 
protein granules 6.
As the disease progresses, bile duct changes evolve, 
till only remnants of biliary epithelium can be visible 
or identifiable by immunohistochemical stain for cyto-
keratin (CK) 7. In the end, bile duct remnants disap-
pear and only lymphocytic aggregates or granulomas 
persist. The smallest branches are always the first to 
disappear. Since the bile ducts typically run parallel to 
hepatic artery branches, the finding of unpaired arter-
ies is a presumptive evidence of vanishing bile ducts 
and it is useful in the routine practice to evaluate the 
extent of bile duct loss (BDL), a parameter included 
in the current staging system 6 (see below). Persistent 
ductal and portal inflammation and bile duct damage 
lead to ductopenia (Fig. 7), periportal or diffuse meta-
plastic hepatocytes (Fig. 8), and portal and periportal 
collagen deposition, eventually with bridging fibrosis 
and cirrhosis development  10,20 (Fig.  9). The biliary-
type fibrosis is dense, scar-like, with edema at the pe-
riphery, giving rise to the typical halo effect 6. 
A premature ductopenic variant has been described 
in about 5-10% of patients, and it is characterized by 
a rapid onset of BDL in the absence of significant fi-
brosis, icteric cholestasis, and a rapid progression to-
wards cirrhosis 3,30.
Foci of concentric periductal fibrosis may be seen in 
about 20% of PBC patients, and may cause problems 
in the differential diagnosis with PSC. A cholangio-
gram is necessary in such cases, since extrahepatic 
bile ducts are healthy in PBC 6.
It has been demonstrated that the canals of Hering, 

which connect bile canaliculi to the interlobular bile 
ducts and are identifiable by CK19 immunostaining in 
normal liver, are decreased in number in all stages of 
PBC, suggesting that they are destroyed together with 
small bile ducts 31. A study by Khan et al. found that 
this loss may be a very early manifestation of PBC 
that precedes BDL and can be observed in liver biop-
sies otherwise normal or nearly normal, defining the 
so-called ‘minimal change’ PBC 32 (Fig. 10). However, 
the role of this lesion in the natural history of PBC is 
still debated 31,33.

Figure 6. A liver biopsy from a primary biliary cholangitis 
patient showing diffuse hepatocellular cholestasis, associ-
ated with feathery degeneration of hepatocyte cytoplasm 
(arrow) (hematoxylin-eosin; original magnification 63x).

Figure 7. Ductopenia in a patient with advanced primary 
biliary cholangitis. Cytokeratin 7 stain shows diffuse ductu-
lar reaction, with no native bile ducts left (cytokeratin 7 im-
munostain; original magnification 5x).

Figure 8. Cytokeratin 7 stain highlights biliary metaplasia 
of hepatocytes (cytokeratin 7 immunostain; original magni-
fication 10x).
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In patients with portal hypertension, a reticulin stain 
can exclude the presence of nodular regenerative 
hyperplasia, a known complication of non-cirrhotic 
PBC  10,34. Moreover, in non-cirrhotic PBC stages, 
small-cell change of periportal hepatocytes may oc-
cur, but it is considered a regenerative phenomenon 
rather than a pre-malignant lesion 6,35.

Staging systems

Many histological staging systems for PBC have 
been developed over time, including the Ludwig and 

Scheuer’s staging systems, which were widely used 
in the past 36,37 (Tab. I). Recently, a new approach to 
stage PBC has been proposed by Nakanuma et al., 
who also introduced the concept of PBC grading. This 
scoring system demonstrated the strongest prognos-
tic value compared to previous methods, with a more 
accurate prediction of patient outcome at 10 years, 
particularly in the development of cirrhosis and its 
complications 38,39. Therefore, the use of Nakanuma’s 
staging system should replace the old systems in ev-
eryday routine. This system establishes the grade of 
the disease by evaluating chronic cholangitis activ-
ity and hepatitis activity, the latter determined by the 
presence and extent of interface and lobular hepati-
tis 38 (Tab. II, Fig. 11). On the other hand, the stage of 
the disease is determined by the evaluation of two or 
three criteria: the presence and extent of fibrosis, the 
presence and extent of BDL, and the presence and 
extent of orcein-positive granule deposition (Tab. III, 
Fig. 12). The third criterion is not essential, since an 
accurate and reproducible staging can be obtained 
even with the two-criteria method 38. 

Differential diagnoses

Bile duct damage may be seen in inflamed portal 
tracts of patients with viral hepatitis, particularly in 
chronic hepatitis C, while lymphocytic cholangitis has 
also been described in viral hepatitis E. However, this 
does not represent a real problem in routine practice, 
since a diagnosis of viral hepatitis is easily obtained 
by serological tests, and a liver biopsy is nowadays 
rarely required in this setting.
Bile duct inflammatory changes are also seen in AIH, 

Figure 9. Biliary-type cirrhosis is characterized by parenchymal nodules with edema at the periphery, giving rise to the so-called 
halo effect (A). Trichrome stain shows complete dense fibrous septa, and better highlights the halo effect at the parenchyma-
septum border (B) (A: hematoxylin-eosin; original magnification 5x; B: Masson’s trichrome stain; original magnification 5x).

A B

Figure 10. Minimal change primary biliary cholangitis. Cy-
tokeratin 19 immunostaining shows a decreased number of 
canals of Hering in an otherwise normal portal tract (cyto-
keratin 19 immunostain; original magnification 20x).
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while interface hepatitis (the hallmark of AIH) and 
some degree of lobular necro-inflammation are com-
mon in PBC6. The most important clues for a correct 
differential diagnosis are: i) BDL and ductopenia are 
not typical AIH features, since the bile duct is not the 
target of the disease in AIH 40,41; ii) metaplastic chang-
es of hepatocytes (easily highlighted by CK7 stain) 
and orcein periportal deposits are signs of chronic 
cholestasis, and are not observed in AIH specimens, 
unless extensive fibrosis or cirrhosis is present 42; iii) 
interface hepatitis is minimal to mild in PBC, and the 

moderate to severe necro-inflammatory lobular le-
sions typical of AIH are never present 43. Plasma cells 
may be numerous in both PBC and AIH, although the 
presence of plasma cell clusters (defined as collec-
tions of ≥ 5 contiguous plasma cells) in the lobule is 
considered highly sensitive for AIH 29,44.

Role of liver biopsy in PBC

As mentioned above, liver biopsy is no longer required 
for the diagnosis of PBC in most cases, i.e. when a 
cholestatic liver profile is associated with AMA positiv-
ity. As a general rule, liver biopsy should be performed 
only when the initial diagnostic workout is not able to 
identify the cause of cholestasis. Liver biopsy is clearly 
mandatory whenever AMA are not detected, and to rule 
out the diagnosis of AMA-negative PBC. As reported 
above, up to 10% of patients may fall into this catego-
ry 9,10. Suspected PBC-AIH variant is a further indica-
tion for liver biopsy. In this setting, a histological diag-
nosis is mandatory since patients with this variant may 
benefit from immunosuppressive therapy 3. Again, liver 
biopsy is necessary whenever other co-existent liver 
diseases, particularly NASH, are suspected in patients 
with an established PBC diagnosis 9,10. Of note, NASH 
has become prevalent in the same population at risk for 
PBC, probably due to the pandemic diffusion of NASH 
risk factors. However, a link between NASH and PBC 
has not been yet demonstrated 45. Finally, liver biopsy 
remains the gold standard in assessing hepatic fibro-
sis, even if non-invasive methods are currently being 
used, with a good performance 10,19. 

Figure 11. Representation of grading of cholangitis and 
hepatitis activity, according to Nakanuma’s system 38.

Table I. Ludwig and Scheuer’s staging systems for PBC.
Stage Ludwig System Scheuer System

I Portal inflammation with bile duct damage, with or without 
florid duct lesions

Portal inflammation with bile duct damage, with or without 
florid duct lesions

II Periportal inflammation/
Interface hepatitis

Ductular reaction

III Bridging fibrosis Bridging fibrosis
IV Biliary cirrhosis Biliary cirrhosis

Table II. Grading of chronic cholangitis activity and hepatitis activity, according to Nakanuma’s system.
Chronic cholangitis activity (CA)

CA 0 (no activity)
CA 1 (mild activity)
CA 2 (moderate activity)
CA 3 (marked activity)

No cholangitis, mild biliary epithelial damage
1 BD with evident chronic cholangitis
≥ 2 BDs with evident chronic cholangitis
≥ 1 florid duct lesion

Hepatitis activity (HA)
HA 0 (no activity)
HA 1 (mild activity)
HA 2 (moderate activity)
HA 3 (marked activity)

No IH and no or minimal LH
IH in ≥ 10 continuous hepatocytes in 1 PT and mild to moderate LH
IH in ≥ 10 continuous hepatocytes in ≥ 2 PTs and mild to moderate LH
IH in ≥ 20 continuous hepatocytes in ≥ 1/2 PTs and moderate LH or bridging/zonal necrosis

BD: bile duct; IH: interface hepatitis; LH: lobular hepatitis; PT: portal tract.
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Primary sclerosing cholangitis

PSC is a chronic cholestatic liver disease in which in-
flammation and fibrosis lead to multifocal biliary stric-
tures and progression to end-stage liver disease. In-
tra- and extrahepatic bile ducts are primarily affected. 
The close association with inflammatory bowel dis-
eases (IBDs) is a hallmark of the condition, affecting 
about two-thirds of the patients 46,47.
Until the 1960s, most published articles about PSC 
were case reports, but implementation of endoscopic 

retrograde cholangiography in the 1970s led to an in-
creasing recognition of the condition 46. 
PSC is associated with a considerable risk of gastro-
intestinal malignancies, mainly cholangiocarcinoma 
and colorectal cancer  46. Disease progression and 
end-stage liver disease are inevitable in most patients, 
and OLT is the only curative treatment available, even 
if post-transplant recurrence may occur 46.

Epidemiology

PSC is a rare disease, as its incidence, although var-
ies geographically, is as high as 1.3 per 100,000 people 
per year in Northern Europe. Prevalence is also vari-
able, and it reaches 16.2 per 100,000 people in some 
studies. Both incidence and prevalence of the disease 
are increasing, but it is not clear whether the increase 
is real or due to a better detection of disease 47,48. Al-
though PSC affects both sexes and all age groups, 
more than 60% of patients are males, and the median 
age at onset is 30-40 years. Patients are usually non-
smokers, and about 2/3 have a coexistent IBD (75% 
ulcerative colitis) 47.
More than 50% of patients require OLT within 10-15 
years of symptom development, as a result of reduced 
quality of life and increased disease-related complica-
tions and comorbidity 47.

Overview on clinical and laboratory features 

PSC is insidious, and about half of patients do not 
have symptoms. Abnormal liver function tests are of-
ten the only signs at diagnosis, while hepatomegaly is 

Table III. Nakanuma’s staging system.
Fibrosis

Score 0
Score 1
Score 2
Score 3

No portal fibrosis or fibrosis limited to PTs
Portal and periportal fibrosis ± fibrous septa

Bridging fibrosis with variable lobular disarray
Liver cirrhosis

Bile duct loss (BDL)
Score 0
Score 1
Score 2
Score 3

No BDL
BDL in <1/3 of PTs

BDL in 1/3 to 2/3 of PTs
BDL in >2/3 of PTs

Deposition of orcein-positive granules (DOG)
Score 0
Score 1
Score 2
Score 3

No DOG
DOG in a few periportal hepatocytes in <1/3 of PTs

DOG in several periportal hepatocytes in 1/3 to 2/3 of PTs
DOG in many hepatocytes in >2/3 of PTs

Stage 3 criteria 2 criteria
Stage 1 (no progression)
Stage 2 (mild progression)
Stage 3 (moderate progression)
Stage 4 (advanced progression)

0
1-3
4-6
7-9

0
1-2
3-4
5-6 

PT: portal tract.

Figure 12. Representation of disease staging, according to 
Nakanuma’s system 38.
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present in 44% of patients and splenomegaly in 39% 
of them. When symptoms are present, they include 
abdominal pain (20% of patients), pruritus (10%), 
jaundice (6%) and fatigue (6%) 48. Even if the actual 
risk of PSC in IBD patients is not yet known, prob-
ably no more than 10% of patients with colitis will de-
velop PSC. About 10-20% of patients have dominant 
bile duct strictures and many of them have recurrent 
bacterial cholangitis. This subgroup of patients seems 
to have a worse survival and a higher risk of develop-
ment of malignancies 47.
Typically, ALP is elevated (two to three times the up-
per limit of normal), along with aspartate and alanine 
aminotransferases. Different non-specific autoanti-
bodies have been correlated with PSC, such as ANA, 
anti-cardiolipin autoantibodies, anti-thyroperoxidase 
autoantibodies, rheumatoid factor and anti-smooth 
muscle autoantibodies. Even if none is liver specific, 
their detection may suggest an underlying immune 
dysregulation 49. 
PSC is suspected when increased ALP levels persist 
for more than 6 months, and diagnosis relies on chol-
angiographic findings of bile-duct strictures detected 
by either magnetic resonance cholangio-pancreatog-
raphy or endoscopic retrograde cholangio-pancrea-
tography. Exclusion of causes of secondary scleros-
ing cholangitis is mandatory to diagnose PSC, and 
include biliary stones, cholangiocarcinoma, biliary 
tract surgery, Caroli’s disease, chronic biliary infec-
tion, biliary toxin exposure, chronic portal-vein throm-
bosis, ischemic stricturing and liver diseases that can 
cause biliary injury, such as cholestatic drug-induced 
liver injury 47,50,51. 
Magnetic resonance elastography and transient liver 
elastography are non-invasive diagnostic tools to as-
sess liver fibrosis, even if their role in staging PSC is 
still under debate 48,50-52. 
A variety of coexisting conditions are associated with 
PSC. Due to the frequent association with IBDs, colo-
noscopy is warranted in all patients who receive a new 
PSC diagnosis, since the risk of colon cancer among 
patients with PSC and concomitant IBD is 4 times 
higher than the risk among patients with IBD alone 
and 10 times higher than the risk in the general popu-
lation 47,48. Gallbladder diseases (stones, polyps, and 
cancer) are also common in patients with PSC 48.
In developed countries, PSC is the most common 
risk factor for cholangiocarcinoma, which is 400 times 
more frequent than in the general population. Among 
PSC patients, the annual risk of cholangiocarcinoma 
is 2%, and the 30-year cumulative incidence is 20%. 
Therefore, annual ultrasonography of the liver and se-
rum testing for CA19-9 are recommended 48.
PSC is a slowly progressive disease, with variable 

outcomes 48. Several attempts to develop a PSC-spe-
cific prognostic model have been made over time 46. 
The PSC specific revised Mayo risk score and the 
Amsterdam-Oxford Model are the most widely used 
models 48,53,54. 
Caring for patients with PSC is challenging and re-
quires treatment of the primary liver disease and the 
coexisting conditions, as well as subsequent therapy 
for potential complications of end-stage liver dis-
ease 48,55. No effective medical therapies exist for PSC. 
Treatment guidelines for PSC are conflicting: some of 
them support the use of UDCA, whereas others en-
dorse the use of only moderate doses  46,48. Several 
new treatments, such as obeticholic acid and simtu-
zumab, are under investigation and clinical trials are 
ongoing 48,55. Patients with both PSC and IBD should 
be treated according to relevant guidelines. Annual 
colonoscopy with surveillance biopsies should be per-
formed even in patients who underwent OLT, given 
the constant increased risk of colon cancer. PSC pa-
tients without IBD should undergo colonoscopy every 
5 years. An annual ultrasonography for the evaluation 
of the gallbladder is also recommended. Because of 
the risk of cancer, patients with gallbladder masses of 
any size should undergo cholecystectomy 48.
Given the progressive nature of PSC, 40% of patients 
will eventually require OLT. The 1-year and 5-year sur-
vival rates are 85% and 72%. However, the disorder 
may recur in 25% of cases 48.
Small duct PSC (sdPSC) is a rare PSC variant (3-
5% of patients) that affects only small intrahepatic bile 
ducts, sparing the large ones. It is characterized by 
clinical and histological features of classical large duct 
PSC, lacking typical cholangiographic changes in ex-
tra- and/or intrahepatic bile ducts (normal cholangio-
graphic findings). In a large clinical PSC study, sdPSC 
was associated with a better prognosis compared to 
large duct PSC, with a lower risk of OLT, liver-related 
death and hepato-biliary malignancy. Nevertheless, 
sdPSC may progress to large duct PSC, developing 
typical cholangiographic lesions 3,47,48.

Pathogenesis

The pathogenesis of PSC is still unknown, but sev-
eral mechanistic theories have been proposed, and 
both genetic and environmental factors seem to be 
involved in disease initiation 46.
Different genes have been studied, and a strong as-
sociation with HLA alleles has been described  48. 
Several different possible environmental triggers have 
been investigated over time, such as exposure to 
farm animals during childhood, use of contraceptive 
hormones, urinary tract infections, dietary intake and 
methods of food preparation, but none was clearly as-
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sociated with disease development. Of interest, smok-
ing appears to be protective 48.
The strong association between PSC and IBDs led 
to the “microbiota hypothesis”, supported by observa-
tions both in vitro and in animal models. According to 
this hypothesis, microbial molecules from intestinal 
dysbiosis reach the liver through the portal circulation 
and initiate an aberrant cholangiocytic response, in-
cluding the induction of senescence  23,48,56,57. An ad-
ditional theory regarding PSC pathogenesis is the 
“gut lymphocyte homing” hypothesis. It is supposed 
that intestinal T cells are stimulated within intestine-
associated lymphoid tissue and then recruited to the 
liver thanks to an abnormal expression of adhesion 
molecules on periportal endothelial cells. Once in the 
liver, activated T cells from the intestine can initiate 
immune-mediated damage 23,48.
It is also believed that cholangiocytes themselves may 
be actively involved in the pathogenesis of PSC, by 
secreting pro-inflammatory cytokines and mediating 
recruitment and stimulation of T cells or acquiring a 
senescent phenotype 23,24,48.

Histology

The presence of an inflammatory infiltrate in a large 
intra- and extra-hepatic bile duct wall, with an oblit-
erative concentric periductal loose fibrosis (so called 
onion skin fibrosis, Fig. 13), is traditionally considered 
the pathological hallmark of PSC. Cholangiocytes 
show features of degeneration and atrophy. The lesion 
leads to biliary strictures and eventually occlusions 
(so called bile duct scars, Fig. 14) 6,47,58.

Since needle liver biopsies usually include only the 
small most peripheral portal tracts, the histologic ap-
pearance of PSC varies from normal liver tissue to 
the presence of only indirect signs of large duct ob-
struction. Normal tissue may be seen at very early 
stages, and it does not preclude the diagnosis of PSC 
if clinical and radiologic findings are otherwise typical. 
In early disease, the changes are confined to portal 
tracts, with a mild mixed inflammatory cell infiltrate of 
lymphocytes, plasma cells and neutrophils, usually 
more intense around bile ducts. Lymphoid follicles or 
aggregates may be present 6. 
The presence of bile duct fibrotic lesions, accompa-
nied by reduced numbers of interlobular bile ducts, 

Figure 13. Large intrahepatic bile ducts showing oblitera-
tive concentric periductal fibrosis, also called onion skin 
fibrosis, in a liver biopsy from a primary sclerosing cholan-
gitis patient (hematoxylin-eosin; original magnification 20x).

Figure 14. A portal tract showing a bile duct scar (arrow) in 
a liver biopsy from a primary sclerosing cholangitis patient 
(A). Van Gieson stain confirms that the bile duct has been 
replaced by fibrous tissue (arrow) (B) (A: hematoxylin-eo-
sin; original magnification 10x; B: Van Gieson stain; original 
magnification 20x).

A

B
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is virtually diagnostic of PSC, but it is present in less 
than 20% of biopsy specimens 6. The absence of typi-
cal onion skin fibrosis does not exclude PSC diagno-
sis. Of note, although a typical sign of PSC, onion skin 
fibrosis may be also seen in secondary sclerosing 
cholangitis.
A significant bile duct basement membrane thicken-
ing, displayed with a periodic acid-Schiff stain with 
diastase, has been recently reported in PSC speci-
mens (Fig. 15). It demonstrated a specificity of 95% 
and a good agreement among pathologists, making it 
an important diagnostic tool, particularly in sdPSC 59.
Recent studies in end-stage PSC livers reported vas-
cular lesions, particularly enlarged arterioles with 
thickened walls and arterial fibrointimal hyperpla-
sia (Fig. 16), but the functional significance of these 
changes in the pathogenesis of PSC is unknown 60,61. 
Persistent portal inflammation, bile duct destruc-
tion and periportal fibrosis lead to BDL, disorganized 
ductular reaction, periportal or diffuse hepatocyte 
metaplasia, bridging fibrosis and cirrhosis, as in PBC. 
Histologically, inflammation and fibrogenesis may not 
be closely associated, and the risk of biliary dyspla-
sia and malignancy seems to be unrelated to disease 
duration or biliary fibrosis severity  47,58. Histologic 
changes are unevenly distributed in the liver, and this 
may explain the high degree of sampling variability in 
needle and wedge liver biopsies 6. Generally, the pat-
tern of cirrhosis in PSC is more irregular than in PBC, 
reflecting the larger caliber of the involved ducts, and 
segmental cirrhosis or hemi-cirrhosis are occasionally 
observed 6.

The histologic distinction between PSC and PBC can 
be difficult, particularly in liver biopsy. However, cho-
lestasis-associated changes are more frequent and 
tend to appear earlier in PSC than in PBC, periductal 
fibrosis and bile duct scars favor PSC, while granu-
lomas are most commonly found in PBC 6.  As PBC, 
many histologic staging systems have been devel-
oped in the past. However, the new grading and stag-
ing system proposed by Nakanuma et al. for PBC has 
been tested also in PSC patients, and demonstrated 
the strongest prognostic value compared to previous 
methods, even in this scenario 38,62 (see above).

Role of liver biopsy in PSC
Magnetic resonance cholangio-pancreatography or 
endoscopic retrograde cholangio-pancreatography 
are the gold standard for PSC diagnosis, and liver bi-
opsy is not indicated when cholangiographic findings 
are typical. However, liver biopsy retains an important 
diagnostic role whenever a high clinical suspicion for 
PSC is associated to a normal cholangiogram. In such 
cases, a diagnosis of sdPSC relies on histologic find-
ings. Moreover, a liver biopsy is mandatory whenever 
a PSC-AIH variant or the presence of other comor-
bidities are clinically suspected, as in PBC 48,50-52.

“Overlap” variants

PBC-AIH variant

About 10-20% of PBC patients may present AIH, ei-
ther simultaneously or consecutively, and a small 

Figure 15. Periodic acid-Schiff stain with diastase shows a 
moderate bile duct basement membrane thickening (arrow) 
in primary sclerosing cholangitis (PAS-diastase stain; origi-
nal magnification 40x).

Figure 16. Enlarged arterioles with thickened wall and arte-
rial fibrointimal hyperplasia are common findings in primary 
sclerosing cholangitis (hematoxylin-eosin; original magnifi-
cation 40x).
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proportion of patients with well-established AIH may 
develop PBC  3,9. This condition was formerly called 
“PBC-AIH overlap syndrome”, but the use of the term 
“overlap” has been discouraged, since not all the pa-
tients concurrently present both diseases at the same 
time, and replaced with “variant”, which seems more 
proper to describe all the possible clinical scenari-
os 3,63. However, the term “overlap” is still very popular 
in the routine practice.
PBC-AIH variant diagnosis is challenging in every-
day routine, and no updated consensus criteria for its 
definition exist. Yet, in clinical practice, the Paris cri-
teria are still in use (Table IV), since previous studies 
demonstrated a good sensitivity (92%) and specific-
ity (97%) for diagnosing this variant 3,9,64,65. However, 
these criteria were published 20 years ago, and seem 
to be very strict and largely different from the separate 
diagnostic criteria of each disease, with a consequent 
underestimation of affected patients  3,9. For this rea-
son, changes in the criteria have been proposed, but 
still not universally approved 3,66,67.
Liver biopsy is a fundamental tool in the diagnosis of 
the PBC-AIH variant, and all national and internation-
al guidelines recommend it 3,9,14,68. Of note, specimens 
should be evaluated by an expert liver pathologist, 
since there are important therapeutic implications  3. 
In fact, PBC-AIH variant should not be overdiagnosed 
to avoid side effects from immunosuppression in PBC 
patients, though neither underestimated, to correctly 
identify PBC patients who would benefit from immu-
nosuppressive treatment. The typical histologic pic-
ture consists of PBC bile duct lesions in a classical 
AIH background. However, histologic biliary damage 
in AIH has been reported in up to 24-60% of well-de-
fined AIH patients, with destructive cholangitis being 
present in 3-7% 40. Moreover, a recent study reported 
that bile duct injury and ductular reaction is a frequent 
phenomenon in AIH and it does not always point to-
ward a PBC-AIH variant 41. Thus, some degree of bili-
ary involvement in AIH does not necessarily lead to a 
change in the diagnosis. Nevertheless, finding histo-
logic features of chronic cholestasis, such as copper 
deposition, CK7-positive periportal hepatocytes, and 
ductopenia in AIH specimens without bridging fibro-

sis, is not typical and should warrant the hypothesis of 
a PBC-AIH variant 42. Still, a variable degree of inflam-
mation is commonly present in PBC alone, but inter-
face hepatitis and hepatocellular damage is typically 
minimal, while acidophil bodies are few or absent 43. 
Thus, in PBC patients with moderate/severe interface 
hepatitis, the hypothesis of a PBC-AIH variant should 
be taken into account, and treatment with immuno-
suppressive agents should be considered 9. The im-
munohistochemical assessment of IgG and IgM has 
been proposed to help in the differential diagnosis be-
tween AIH, PBC and PBC-AIH variant, but with con-
flicting results 69,70. 
A reduced 5 year event-free survival in PBC-AIH 
variant patients, compared to PBC patients (56% vs 
81%) 9,71 has been reported.
The therapeutic approach to PBC-AIH variant con-
sists in treating both diseases with a combination of 
UDCA and immunosuppression, since combination 
therapy proved more effective than UDCA alone in 
slowing fibrosis progression 3,72,73.

PSC-AIH variant

As for PBC-AIH variant, the previously used term 
“overlap” has been abandoned, since PSC-AIH vari-
ant reflects a PSC subphenotype instead of a sepa-
rate clinical entity 3,63,74. The PSC-AIH variant is pres-
ent in 6-14% of PSC patients, and seem to have less 
concurrent ulcerative colitis 3,75.
As previously stated, no defined diagnostic criteria ex-
ist 3. In clinical practice, PSC-AIH variant diagnosis is 
based on typical cholangiographic or histologic char-
acteristics of PSC in combination with AIH features 3. 
In the absence of an abnormal cholangiogram, a typi-
cal histological AIH picture with periductal inflamma-
tion and fibro-obliterative, onion skin-type, fibrosis is 
suggestive of a concomitant sdPSC, while the addi-
tional loss of interlobar ducts makes the whole sce-
nario diagnostic of a sdPSC-AIH variant, which repre-
sents about 16% of the cases 3,76.
A different specific variant, called autoimmune scle-
rosing cholangitis, has been described in at least 50% 
of children and adolescents with well-established AIH 
and sclerosing cholangitis manifestations 3,77,78.

Table IV. Paris criteria for PBC-AIH variant diagnosis.
At least 2 out of 3 criteria for each disease

Primary biliary cholangitis Autoimmune hepatitis
ALP > 2x ULN or γGT > 5x ULN ALT > 5x ULN
AMA > 1:40 IgG serum levels > 2x ULN or ASMA positivity
Florid duct lesions on histology Moderate or severe IH on histology
ALP: alkaline phosphatase; ULN: upper limit of normal; γGT: γ-glutamyltranspeptidase; AMA: anti-mitochondrial antibodies; ALT: alanine 

aminotransferase; ASMA: anti-smooth muscle antibodies; IH: interface hepatitis.
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Patients with PSC-AIH variant have a similar risk of 
liver disease progression compared to those with 
classic PSC, but they seem to have a lower risk of 
hepato-biliary malignancy development 3,75.
In PSC-AIH variant, treatment is based on a combina-
tion of immunosuppression and UDCA, just like in the 
PBC-AIH variant 3.

PBC-PSC variant

This variant is exceptionally uncommon, and less 
than 10 cases have been described in the literature, 
so far 3,79,80. It consists in a syndrome with clinical and 
laboratory features of both PBC and PSC, including 
the sdPSC variant. Because of its rarity, very few data 
are available, and its existence is still debated 3,80,81.

Conclusions

The role of histology in diagnosing PBC and PSC has 
changed profoundly in the last 20 years, paralleling a 
better standardization of clinical, laboratory and im-
aging diagnostic criteria. Liver biopsy is not current-
ly part of the routine workup in diagnosing PBC and 
PSC, but it retains a crucial role when patients have 
an “atypical” presentation or when non-invasive tests 
fail to reach a definite diagnosis. It is therefore crucial 
for pathologists to become familiar with histologic le-
sions of PBC and PSC. 
As a general rule, liver biopsy interpretation should 
always consider the clinical scenario, since different 
diseases share similar histologic changes. It is of par-
amount importance for the pathologist to be familiar 
with clinical and laboratory features of patients with 
PBC and PSC, in order to reach a correct and clinical-
ly useful diagnosis.
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