82791 Auto Edited.docx



Name of Journal: World Journal of Hepatology
Manuscript NO: 82791
Manuscript Type: MINIREVIEWS

Morphological aspects of small-duct cholangiopathies: a minireview

Eva Sticova, Ondrej Fabian

Abstract

The biliary system consists of intrahepatic and extrahepatic bile ducts lined by biliary
epithelial cells (cholangiocytes). Bile ducts and cholangiocytes are affected by a variety
of disorders called cholangiopathies, which differ in aetiology, pathogenesis, and
morphology.

Classification of cholangiopathies is complex and reflects pathogenic mechanisms
(immune-mediated, genetic, drug- and toxin-induced, ischaemic, infectious, neoplastic),
predominant morphological patterns of biliary injury (suppurative and non-
suppurative cholangitis, cholangiopathy), and specific segments of the biliary tree
affected by the disease process. While the involvement of large extrahepatic and
intrahepatic bile ducts is typically visualised using radiology imaging, histopathological
examination of liver tissue obtained by percutaneous liver biopsy still plays an
important role in the diagnosis of cholangiopathies affecting the small intrahepatic bile
ducts. To increase the diagnostic yield of a liver biopsy and determine the optimal
therapeutic approach, the referring clinician is tasked with interpreting the results of
histopathological examination. This requires knowledge and understanding of basic
morphological patterns of hepatobiliary injury and an ability to correlate microscopic
findings with results obtained by imaging and laboratory methods.

This minireview describes the morphological aspects of small-duct cholangiopathies

pertaining to the diagnostic process.




INTRODUCTION

The biliary system is a three-dimensional complex of developmentally, anatomically,
d functionally different ductal structures. The extrahepatic bile ducts are composed of
the right and left hepatic_ducts, their confluence, the common hepatic duct, and the
common bile duct. The intrahepatic biliary tree is divided according to size into the
large intrahepatic bile ducts (area and segmental) and the small intrahepatic bile ducts
(interlobular and septal).
Septal bile ducts (>100 pm in diameter) are lined by tall columnar cells with basal
nuclei supported by a fibrous duct wall (Figure 1A). Interlobular bile ducts (15-
100 pm) are thin-walled structures lined by cuboidal epithelial cells resting on a basal
membrane (Figure 1B). Interlobular bile ducts are connected to a complex network by
ductules (<15 pum diameter), lined by low cuboidal cells, and the canals of Hering,
which are partly composed of the biliary epithelium and partly of hepatocytes.
In humans, biliary epithelial cells (cholangiocytes) account for 3-5% of the total liver cell
mass. Cholangiocytes of the intrahepatic biliary tree are derjyed from the endodermal
cells of the hepatic primordium, while epithelial cells lining the extrahepatic bile ducts
derive from the caudal portion of the hepatic diverticuluml[*.2l.
Biliary epithelial cells along with a variety of receptors and transporters play important
roles in the secretion and reabsorption of water, electrolytes, bile acids, and many other
bile compounds. As well as modifying bile composition, cholangiocytes secreting mucin
and HCOs" are important elements in the biliary self-defence system. In addition, biliary
epithelial cells are involved in a wide range of physiological processes, including
intracellular and intercellular signalling, liver regeneration, and immune-mediated
reactions341.
Bile ducts and cholangiocytes can be affected by a variety of disorders generally
referred to as cholangiopathies. Under pathological circumstances, cholangiocytes can
undergo morphological and functional changes, which differ according to the size of

the affected segment of the biliary tree. Large bile duct disorders are primarily




diagnosed by radiology imaging and liver biopsy is generally not required. However, in
the case of small bile duct injuries, imaging methods are not adept at detecting
alterations of the biliary tree. Therefore, histomorphological examination should be
considered a relevant part of the diagnostic process.

To increase the diagnostic yield of a liver biopsy and arrive at an optimal therapeutic
approach, the results of histopathological examination must be interpreted by the
presiding clinician. This requires knowledge and understanding of the basic
morphological patterns of hepatobiliary injury.

This minireview briefly addresses some important morphological aspects of small-duct
cholangiopathies relevant to the diagnostic process, and also provides a brief overview

of the most clinically significant conditions in light of recent progress.

CLASSIFICATION OF CHOLANGIOPATHIES

Biliary diseases are classified according to aetiological aspects, pathogenic mechanisms,
and the predominant morphological pattern of bile duct injury.

Based on the underlying pathogenic mechanism, cholangiopathies can be classified as
followsl56l:

(1) immune-mediated cholangiopathy

(2) genetic cholangiopathy

(3) drug- and toxin-induced cholangiopathy

(4) ischaemic cholangiopathy

(5) infectious cholangiopathy

(6) neoplastic cholangiopathy

From a morphological point of view, diseases that target bile ducts and cholangiocytes
are categorised as either cholangitis (inflammatory bile duct injury) or cholangiopathy
(non-inflammatory bile duct injury). Based on the predominant inflammatory cell type
and the presence of associated periductal fibrosis, cholangitis can assume a suppurative
(neutrophilic) form, predominantly infective, or a non-suppurative form, e.g.

lymphocytic, pleomorphic, granulomatous, or sclerosing (Table 1)[56],




The most clinically important patterns of non-inflammatory bile duct lesions are ductal
plate malformation, bile duct loss and ductopenia (vanishing bile duct syndrome), and

- in a broader context - neoplastic biliary lesions/>l.

GENERAL MORPHOLOGICAL ASPECTS OF SMALL-DUCT
CHOLANGIOPATHIES

Several common features of cholangiopathies mainly affecting the small bile ducts have
been observed. Considering that early histomorphological changes are often subtle and
focal, they can be easily overlooked in a percutaneous liver biopsy. Early alterations
secondary to impaired bile flow include focal mild portal oedema accompanied by mild
periductal inflammation. Periportal ductular proliferation is commonly detectable at the
periphery of some portal areas. Focal and mild juxtaportal copper and copper-
associated protein depositions due to prolonged cholestasis can be highlighted by
Schmorl’s reaction and orcein or rhodanine staining. And although these changes are
not pathognomonic, they can indicate a diagnosis of early-stage chronic
cholangiopathy 751,

Morphological features of prolonged periportal bile salt accumulation (cholate stasis)
can be accompanied by biliary interface activity, a complex reaction composed of
periportal ductular proliferation with mild neutrophilic inflammation, aberrant
cytokeratin 7 expression in hepatocytes (cholangiolar or ductular metaplasia), and
varying degrees of fibrosis (Figure 2). Late stages of the disease are characterised by
prominent cholate stasis with oedema and “feathery” degeneration of periportal
hepatocytes containing Mallory-Denk hyaline inclusions and depositions of copper and
copper-associated protein (Figure 2). This results in the formation of a signature “halo”
effect at the peripheries of portal areas and septa (Figure 3). Biliary-type fibrosis can
also progress, with a typically uneven distribution of fibrous changes in the liver tissue.
Periportal changes may be accompanied by bilirubinostasis in liver lobules,

predominantly in the centrilobular zone (zone 3)7.81.




Some cholangiopathies are associated with progressive small bile duct destruction and

s. Hepatic ductopenia, an uncommon but potentially serious cholestatic liver disease,
is defined as a loss of the interlobular bile ducts in atleast 50% of portal areas!”1011. Ten
portal tracts in a liver biopsy specimen are usually considered sufficient for an
evaluation of bile duct loss. Vanishing bile duct syndrome is a rare condition in which
progressive bile duct loss results in chronic cholestasis and ductopenial™®!l. A
heterogeneous group of conditions, comprising immune-mediated processes, drug- and
toxin-induced hepatobiliary injury, ischaemia, infections, and some hereditary diseases,

has been implicated in bile duct destruction (Table 2) [11.12],

MORPHOLOGY OF SELECTED SMALL-DUCT CHOLANGIOPATHIES

The major histomorphological features of various small-duct cholangiopathies are
briefly discussed below.

Immune-mediated bile duct injury

Himary biliary cholangitis

Primary biliary cholangitis (PBC) is an autoimmune disease that selectively affects the
small intrahepatic bile ducts. Typical clinical features of PBC include marked female
preponderance, middle-to-elderly age range, frequent association with other
autoimmune disorders, pruritus, and skin hyperpigmentation. Increased activity of
serum alkaline phosphatase (ALP) and gamma-glutamyl transferase (GGT), elevated
serum IgM, and the presence of M2-type antimitochondrial antibodies (AMA) are also
commonly observed[131415],

According to the classic histological systems proposed by Scheuer and Ludwig,
microscopical changes are categorised into the following four stages[16.17]:

Stage 1: Focal, destructive, lymphocytic and/or granulomatous cholangitis of the
interlobular bile ducts (florid ductal lesion) with inflammation generally confined

within portal tract boundaries (Figure 4);




Stage 2: Ongoing bile duct injury with portal tract expansion due to periportal ductular
proliferation (biliary interface activity), inflammatory interface activity, and periportal
fibrosis;

Stage 3: Bridging portoportal fibrosis with persistent biliary interface activity and
ongoing small bile duct loss;

Stage 4: Cirrhosis with ductopenia and chronic cholestasis (cholate stasis) discernible by

a periportal “halo” (Figure 3).

The above classic staging systems are simple and easily reproducible. However, they do
not reflect all of the morphological features of disease activity and progression that
should be considered when determining the optimal therapeutic approach. In addition,
the heterogeneous distribution of diagnostic changes in the liver parenchyma and the
potential for sampling errors during percutaneous needle biopsy reduc& their
applicability and practical use. These shortcomings have been overcome by a novel
complex system applicable to needle liver biopsy specimens proposed by Nakanuma et
all'®1 Three components - fibrosis, bile duct loss, and chronic cholestasis - are used in
this PBC staging system, while necroinflammatory activity of PBC is graded based on
chronic cholangitis and hepatitis activity[181°],

Apart from portal and portal-parenchymal interface changes, small cell changes in
periportal hepatocytes and nodular regenerative hyperplasia (NRH) can occur during
non-cirrhotic stages of PBC. NRH may explain the hepatomegaly in PBC and the
development of clinically significant portal hypertension long before -cirrhosis
develops[2021],

The following PBC variants have been recognised:

AMA-negative PBC (autoimmune cholangitis) represents 5% of PBC cases. Subtle
differences in the clinical, laboratory, and immunological features of AMA-negative
PBC have been reported in a number of studies. However, the basic histopathological
findings and responses to ursodeoxycholic acid are similar to those observed in AMA-

positive patients(1314],




PBC-AIH overlap syndrome is characterised by the features of both PBC and

autoimmune hepatitis coexisting in a single patient. Diagnostic criteria for PBC-AIH
overlap syndrome have been proposed by Chazouilleres ef al, while other guidelines
have been issued by the International Autoimmune Hepatitis Group. These include the
presence of at least two of three diagnostic features of PBC (1-3) and at least two of
three diagnostic features of ATH (4-6)[222;

1. GGT =5x upper limit of normal (ULN) or ALP >2x ULN;

2. positive AMA;

3. florid bile duct lesion on histology;

4. increased alanine transaminase (ALT) levels 25x ULN;

5. serum IgG levels 22x ULN or positive anti-smooth muscle antibody (SMA);

6. moderate or severe lymphocytic interface activity on h'ﬁtology.

Nevertheless, as opposed to genuine overlap syndrome, most cases are best regarded as
either PBC with unusually prominent inflammatory activity (PBC with hepatitis
features) or as classical AIH with PBC-like bile duct injury.

Rare cases of overlapping features involving PBC and primary sclerosing cholangitis
(PSC), IgG4-related sclerosing cholangiopathy, and sarcoidosis have been reported in
the medical literaturel'422],

Small-duct PSC

PSC is a chronic cholestatic condition characterised by non-specific inflammatory
fibrosis in bile duct walls of all sizes, with irregular areas of stricturing and beading on
cholangiography. Unlike PBC, PSC can occur in infancy and childhood, has a male
preponderance, and is closely associated with inflammatory bowel disease (IBD). An
increased risk of hepatobiliary malignancy in PSC patients has also been
observed[1314,24.25],

PSC typically involves extrahepatic and large intrahepatic bile ducts with variable
involvement of small ducts. Nonetheless, in 5-10% of cases, the disease is confined to
the small intrahepatic bile ducts (small-duct PSC or sdPSC)242526l. The

aetiopathogenesis of sdPSC is poorly understood. A study by Naess et al evaluated




sdPSC components in a subset of patients with and without concomitant IBD. They
nd that patients with sdPSC and IBD may represent precursor lesions indicative of
classic PSC, while sdPSC patients without IBD could point to a different biliary disease
process|?7l.
Since a cholangiography is negative in sdPSC, histopathological evaluation of liver
tissue specimens is usually required to establish a diagnosis. Although most studies
have reported that sdPSC has a similar histopathological picture to large-duct PSC, its
pathognomonic features may be subtle and randomly distributed within the liver
tissuel7.2426], The distinctive features of PSC are fibro-obliterative lesions characterised
by ‘onion-skin” periductal fibrosis and replacement of the bile duct by a dense acellular
fibrous scar (Figure 5). Biliary changes are frequently associated with mild portal tract
oedema, low-grade periductal inflammatory infiltrate, and periportal ductular
proliferation accompanied by juxtaportal copper and copper-binding protein
deposition. As the disease advances, fibrous expansion of portal areas may progress to
bridging septal fibrosis and eventual biliary-type cirrhosisl7:.24.26],
Histopathological changes in PSC are divided into four stages (1-4) based on the same
classification systems as proposed for PBC (see above).
Autoimmune sclerosing cholangitis (PSC-AIH overlap syndrome) is a variant syndrome
characterised by features of sclerosing cholangitis and AIH serologyl'>22, Importantly,
biliary features detected by histopathological examination may be the first indication
for biliary tree imaging in patients originally diagnosed with uncomplicated AIH. The
syndrome is more common in children and adolescents, with these groups also
isplaying higher prevalence of sdPSCI71528],
IgG4-related sclerosing cholangitis
IgG4-related sclerosing cholangitis is now idered a biliary manifestation of
systemic IgG4-related disease. This condition is commonly associated with IgG4-related
lesions in other organs, most often with _type 1 autoimmune pancreatitis(?>30. The
affected extrahepatic, hilar and perihilar ducts show diffuse and uniform tube-like

thickening on gross examination. Histological characteristics of large duct lesions are




transmural inflammation, obliterative phlebitis, and heavy lymphoplasmacytic
infiltration with a predominance of IgG4-positive cells and abundant eosinophilic
leukocytes (Figure 6)2°301 In up to 30% of patients, intrahepatic disease involving the
small bile ducts is detectable by liver biopsy. Morphological findings include plasma
cell-rich portal inflammation and portal fibrosis, interlobular bile duct damage, lobular
inflammation, and features of cholestasis with periportal copper-associated protein
deposition. A distinctive portal-based fibroinflammatory nodule composed of
inflammatory cells and fibroblasts was observed in 50% of liver biopsies obtained from
patients with IgG4-related sclerosing cholangitis03132 While differentiating the
condition from PSC by needle biopsy is challenging, the presence of more than ten
IgG4+ plasma cells on liver biopsy can servaas a diagnostic aid[3°1],

Rejection cholangiopathy and biliary lesions in graft-versus-host disease

Cholangiocytes and small interlobular bile ducts are targets of an immune reaction
associated with liver allograft rejection and graft-versus-host disease (GVHD)P33L.
Biliary lesions in acute T cell-mediated rejection (TCMR) are characterised by periductal
and intraepithelial lymphocytic infiltration, degenerative changes to biliary epithelial
cells with cytoplasmic vacuolisation, increased N:C ratios, disordered nuclear polarity,
and eventual luminal disruption (Figure 7). Senescence-related changes to biliary
epithelial cells (eosinophilic cytoplasmic transformation, uneven nuclear spacing,
nuclear hyperchromasia) and progressive interlobular bile duct loss indicate chronic
(ductopenic) rejection (Figure 8)[333435],

Immune-mediated small bile duct injury, degenerated dysplastic-like cholangiocytes,
and progressive bile duct destruction are the most characteristic histological features of
GVHD, a frequent complication of haematopoietic cell transplantation. Lymphocytic

infiltration of the biliary epithelium in GVHD is usually minimal to mild[3].

Genetic cholangiopathies
Genetic factors are variably implicated in most cholangiopathies. In addition to ductal

plate malformation (hereditary fibropolycystic disease), neonatal sclerosing cholangitis,




and various conditions within the spectrum of familial intrahepaticd-lolestasis,
cholangiopathy can also occur in cystic fibrosis, a multisystemic disease caused by a
homozygous or compound heterozygous mutation in the cystic fibrosis transmembrane
conductance regulator (CFTR) genel”l. Alpha-1 antitrypsin deficiency (AATD) is an
autosomal recessive storage disease caused by pathogenic mutations in the SERPINA1
gene. Besides pulmonary emphysema, AATD can manifest as a progressive cholestatic
liver disease involving hypoplasia of the small bile ducts, mostly occurring in paediatric
patients!3l.
Ductal plate malformation
Ductal plate malformation (DPM) is a common feature in ciliopathy-associated liver
diseases, characterised by a spectrum of biliary hamartomatous lesions, segmental bile
duct dilatations and cysts. All of the above conditions stem from aberrant remodelling
of the embryonal ductal plate (Figure 9)B940l. Liver disease is often associated with the
involvement of other organs, mainly the kidneys. Over the past decade, a number of
genes (and their corresponding protein products) involved in several of these disorders
ve been identified (Table 3)[4041],
Alagille syndrome
Alagille syndrome (ALGS) is an autosomal dominant multisystem disorder
accompanied by severe cholestasis due to congenital maldifferentiation of the
intrahepatic bile ducts. The syndrome is caused by mutations in the JAGI gene, which
encodes the intercellular signalling protein JAGGEDI1 (type 1 ALGS), and, rarely, the
NOTCH2 gene (type 2 ALGS)[42%l, Common manifestations include paucity of the
intrahepatic bile ducts with obstructive-type cholestasis, skeletal abnormalities
(butterfly-like vertebrae), congenital heart disease (usually peripheral pulmonary
stenosis), ocular anomalies, and facial dysmorphism#244,
ABCB4 deficiency-associated cholangiopathy -
ATP-binding cassette (ABC) subfamily B member 4 (ABCB4), also known as multidrug
resistance protein 3 (MDR3), is a membrane-associated transport protein. Almost

exclusively expressed in the liver, ABCB4 is principally involved in biliary




phospholipid secretion®”l. The ABCB4 alteration has deleterious effects on the
hepatobiliary system, mostly caused by toxic bile with a potent detergent and lithogenic
profile. The morphological spectrum of biliary lesions connected with ABCB4/MDR3
deficiency varies widely. The most commonly associated conditions are gallbladder
disease-1 (GBD1), also known as low phospholipid-associated cholelithiasis (LPAC)
syndrome, secondary sclerosing cholangitis (characterised by fibro-obliterative lesions
and progressive small bile duct loss), and adult biliary-type liver fibrosis/cirrhosis[447].
GBD1 (LPAC syndrome) should be suspected in patients with symptomatic
cholelithiasis and at least one of the following criteria: under 40 years of age at onset of
symptoms; recurrence after cholecystectomy; intrahepatic sludge or microlithiasis with
spindle-shaped dilatations of the intrahepatic bile ducts on cholangiography; familial
history of cholelithiasis in first-degree relatives. Histologically, cholesterol crystal
aggregates and small cholesterol stones are typically observed in bile ductsi648],
Neonatal sclerosing cholangitis

Neonatal sclerosing cholangitis (NSC) is a rare and severe genetic cholangiopathy,
commonly progressing to liver failure. The disease usually manifests in the first weeks
of life. Clinical features include jaundice, hepatosplenomegaly, pale stools,
coagulopathy, signs of gastrointestinal bleeding, and high serum GGT levels.
Percutaneous cholangiography typically reveals an intrahepatic sclerosing
cholangiopathy#9501,

Mutations in the doublecortin domain-containing 2 (DCDC2) gene have been recently
associated with NSC induction. DCDC2 encodes doublecortin domain-containing
protein 2 (the DCDC2 protein), which binds tubulin and facilitates microtubule
polymerisation. Histologically, DCDC2 defects are generally expressed in the form of
small-duct cholangiopathies, featuring focal concentric periductal lamellar fibrosis and
progressive destruction of the small bile ducts!5.52l. Immunohistochemical examination
typically confirms the absence of both the DCDC2 protein and the primary ciliary
protein ACALT (acetylated alpha-tubulin), especially in septal and perihilar bile ducts,




along with focal irregular expression in small interlobular bile ducts. Simple liver cysts

have also been observed in some patients with DCDC2 deficiency!51.52l.

rug- and toxin-induced cholangiopathy
Drug-induced liver injury (DILI) encompasses a wide variety of acute and chronic
forms of hepatobiliary injury that can mimic virtually any liver disease, including
primary biliary conditions such as PBC or PSC. Bile duct loss, ductopenia, and biliary-
type fibrosis/cirrhosis are well-documented consequences of exposure to various
drugs, remedies, and toxins3>455],
In general, drug-induced injury can be dose-dependent (intrinsic) or dose-independent
(idiosyncratic). Some drugs and remedies selectively damage larger bile ducts,
predominantly by dose-dependent mechanisms, and can induce biliary abnormalities
with cholangiographic and histomorphological features of sclerosing cholangiopathy[49l.
In most cases, however, drug-induced mechanisms are dose-independent,
unpredictable, and affect cholangiocytes of small bile ducts(3!.
Drug-induced cholangiopathy usually manifests in fatigue, upper abdominal pain, and
features of clinical and biochemical cholestasis. Histopathological findings depend on
the severity and stage of disease progression. Mixed portal-based inflammation with
eosinophils, inflammatory bile-duct injury, and centrilobular hepatocanalicular
bilirubinostasis are the most common features reported in the acute phase. The chronic
stage is characterised by degenerative changes of cholangiocytes, prominent bile duct
injury and loss, as well as acute and chronic cholestasis (cholate stasis). Periportal
ductular proliferation, associated with fibrous portal tract expansion and relatively mild
portal inflammation, also occurs. Small bile duct injury can eventually progress to drug-
induced ductopenia. In addition, drug-induced portal and periductal granulomata are
not uncommon!33.54.55],
The most common drugs implicated in bile duct injury are neuroleptics, tricyclic
antidepressants, anticonvulsants, antibiotics, and non-steroidal anti-inflammatory

drugs. Recently, significant bile duct pathology was observed in patients treated with




immune checkpoint inhibitors (CPI). Non-infective cholangitis with predominant
neutrophilic or lymphocytic infiltrates, PBC-like changes, and fibrosing cholangitis
mimicking sdPSC are the most common patterns of CPI-related cholangiopathy, which
responds poorly to iﬁmunosuppression and can eventually lead to bile duct lossl56:571.

Diagnosis of DILI requires clinical suspicion, knowledge of the clinicopathological
patterns of injury associated with the suspected agent, and exclusion of other possible
causes. Underlying genetic defects and predispositions to adverse drug reactions

should also be considered in certain cases.

Ischaemic cholangiopathy

Supplied by branches of the hepatic artery, the rich peribiliary vascular plexus is
vulnerable to any disruption in arterial flow. Ischaemic cholangiopathy, a form of
secondary sclerosing cholangiopathy (SSC), is a well-documented complication of
transcatheter arterial chemoembolisation (TACE), intra-arterial infusion of
chemotherapeutic agents, irradiation, radiofrequency ablation of hepatocellular
carcinoma, arterial spasm after cocaine use, sickle cell crisis, HELLP syndrome, and
hepatic artery thrombosis after liver transplantation!®59. Ischaemic cholangiopathy is
characterised by injury to cholangiocytes, cytoplasmic vacuolisation, pyknotic nuclei,
and subsequent desquamation of the biliary epithelial lining. Advanced lesions can lead
to necrosis of the biliary tree resulting in bile leak, multiple fibrous strictures of the
extrahepatic and intrahepatic bile ducts, cholangiectasis, and progressive bile duct loss.
Bacterial and fungal infections are common complications!*.

Secondary sclerosing cholangitis in critically ill patients

Ischaemia of the intrahepatic bile ducts is likely involved in éecondary sclerosing
cholangitis in critically ill patients (SSC-CIP), a newly recognised form of SSC observed
in patients after long-term treatment in intensive care units(®.6l. In addition to
ischaemia, infections and toxic bile compounds are understood to contribute to the
development of SSC-CIP. Interestingly, a cholangiopathy associated with some features

of SSC-CIP was documented in patients with critical COVID-19 (see below).




The most frequent symptoms_of SSC-CIP typically persist after recovery from the
primary illness. These include jaundice, pruritus, and abdominal discomfort localised in
the right upper quadrant of the abdomen. Recurrent biliary infections are also
commonly observed. SSC-CIP is associated with rapid progression to liver
cirrhosisl60.61.62],

Endoscopic retrograde cholangiopancreatography (ERCP) and magnetic resonance
cholangiopancreatography (MRCP) are considered the gold standards for diagnosing
SSC-CIP. Characteristic initial findings are multiple ribbon-like intraductal filling
defects (biliary casts). In laterstages, multiple irregular strictures, dilatations,
thickening of the bile duct walls, and destruction of the intrahepatic bile ducts (except
for the common bile duct, which results in a ‘pruned tree’ appearance) are routinely
observed. Intrahepatic bile ducts are affected in all SSC-CIP patients, with abnormalities
of the extrahepatic biliary tree occurring only in a minority of individuals(6061],
Histopathological changes in SSC-CIP patients include degenerative epithelial
alterations to the interlobular bile ducts, mild-to-moderate periductal inflammatory
infiltrate, portal oedema, and periportal ductular reactions. Portal changes are
accompanied by parenchymal hepatocanalicular bilirubinostasis, bile infarcts, and
features of cholate stasis. Fibrous expansion of portal areas and rapid progression to

advanced portoseptal fibrosis/ cirrhosis have also been reported!(6162,

Infectious cholangiopathy

A variety of microbial agents can directly impact the hepatobiliary system in both
normal and immunocompromised hosts. Bacterial and viral infections are understood
to play an important role in the progression of ischaemic and immune-mediated bile
duct injury such as GVHD and hepatic allograft rejection. Cytomegalovirus (CMV) and
hepatitis C virus (HCV) infections after interferon/ribavirin treatment have been shown
to trigger ductopenic rejection after orthotopic liver transplantation!®l. Hepatitis-
associated bile duct lesions featuring prominent swelling and vacuolisation of

cholangiocytes alongside periductal lymphocytic aggregates have been observed in




association with HCV and hepatitis E virus infections. These lesions are mostly
reversible and typically occupy individual segments along the circumferences of small
bile ductsl®+%l. CMV infection of biliary epithelial cells in the presence of typical viral
inclusions is not an uncommon finding in immunocompromised adults and neonates
with CMV hepatitisl®l.

Eumrzn immunodeficiency virus-associated cholangiopathy

Human immunodeficiency virus (HIV)-associated cholangiopathy is a biliary
obstruction caused by a benign stricture of the biliary system in patients with adyanced
acquired immune deficiency syndrome (AIDS)®7%]. Although the aetiology of this
disease remains unclear, it is understood to occur in association with wvarious
opportunistic infections, such as CMV, Cryptosporidium spp., and Giardia lamblia. In
most patients, MRCP usually results in an accurate diagnosis of HIV-associated
cholangiopathy based on identification of characteristic ductal abnormalities (multiple
intrahepatic and/or extrahepatic biliary strictures, papillary stenosis). Liver biopsy and

histomorphological examination are reserved for inconclusive and complicated casesl68l.

Post-Covid-19 cholangiopathy

Recently, a syndrome of progressive bile duct injury characterised by a marked
elevation in serum ALP was reported in some patients recovering from severe COVID-
19669701 Although the pathogenesis of post-Covid-19 cholangiopathy has not been fully
elucidated, it is likely that some of its pathogenic mechanisms resemble those observed
in SSC-CIP. A combination of ischaemic cholangiopathy related to microvascular
coagulopathy and an imbalance between the deleterious effects of bile components and
biliary protective mechanisms likely contribute to bile duct injury. In addition, direct
virus-mediated alteration of the biliary epithelium may also be involved in the
pathogenesis of cholangiopathy!70.711,

The most common MRCP findings are intrahepatic and extrahepatic bile duct beading
with multiple short segmental strictures and intervening dilatations together with bile

duct wall thickening and hyper-enhancement, all of which are consistent with SSC.




Histology typically reveals fibro-oedematous expansion of portal tracts, prominent

ductular reaction, neutrophilic inflammation, and severe parenchymal cholestasis[70.71].

Neoplastic cholangiopathy

Biliary system is affected by a variety of tumour-forming and neoplastic processes, both
benign and malignant.

Von Meyenburg complex is a common hamartorﬁtous tumour-like lesion likely
representing a form of ductal plate malformation. Biliary hamartomas are typically
found adjacent to a portal area and may be multiplel”2731.

Bile duct adenoma (BDA) is a benign lesion composed of proliferating small bile ducts.
The origin of BDA is controversial and a reactive process, a hamartomatous origin and a
neoplastic aetiology are consideredI|73l.

Precursor neoplastic lesions of the biliary tract

Many cases of cholangiocarcinoma have been reported to develop through multistep
carcinogenesis. The current WHO classification of tumours proposes several precursor
lesions of the biliary tract that may precede invasive malignancy!7+7l.

Dysplastic epithelial changes can take the form of microscopic, non-invasive lesions
occurring in the extrahepatic and intrahepatic bile ducts and gallbladder. This condition
is known as biliary intraepithelial neoplasia (BilIN). Based on the extent of
cytoarchitectural atypia, BilIN can be subdivided into low-grade (former BilIN-1 and
BilIN-2) and high-grade dysplasia (former BilIN-3)74751,

Intraductal papillary neoplasm of the bile duct (IPNB) is a macroscopic premalignant
neoplastic process with multifocal intraductal papillary or villous projections covered
by a single- to multi-layered biliary-type epithelium. While the epithelial lining is
usually columnar, it can also exhibit pancreaticobiliary, gastric, intestinal, or oncocytic
differentiation along with varying degrees of dysplasia. Resection is the standard

therapy for IPNB. However, the multifocal nature of these tumours makes complete




resection difficult; therefore, tumour recurrence is a frequent complication. Tubular and
mucinous forms of invasive adenocarcinoma are associated with IPNBI75.76.77],

Mucinous cystic neoplasm (MCN) is a rare lesion occurring almost exclusively in
women. These tumours are typically multilocular, with cystic spaces lined by the
columnar mucinous epithelium overlying ovarian-like stroma. Based on the degree of
dysplasia, MCN can be subdivided into low-grade and high-grade categories. This type

of lesion can also progress to invasive adenocarcinomal?576.78],

Intrahepatic cholangiocarcinoma
Cholangiocarcinoma (CC) is a alignant epithelial neoplasm with biliary
differentiation. CC may originate léom intrahepatic bile ducts (intrahepatic or
peripheral CC), the confluence of the right and left hepatic ducts (hilar CC or Klatskin
tumour), or distal extrahepatic bile ducts (extrahepatic distal CC). Although these
subtypes differ in overall clinical outcome, they share the basic histomorphological
tures (Figure 10)[75.79].
Intrahepatic CC is the second most common primary hepatic malignancy and accounts
for 10-15% primary liver cancers. Incidence is highest in south-east Asia (>80
cases/100000 persons per year in Thailand) but lowest in Europe (0.2-1.8 cases/100000
per year)[80l.
Intrahepatic CC has two main subtypes: large duct CC, originating from the larger
intrahepatic bile ducts near the hepatic hilus, and small duct CC, which preferentially
occurs in the periphery of the liver parenchymal™791.
Aetiology in most cases of CC is unknown. However, several risk factors with a high
geographic prevalence have been established. Large duct CC typically originates
against a background of liver fluke infection, PSC, hepaticolithiasis, biliary tract
malformations, and other rare conditions, mostly associated with chronic inflammation
of the biliary tract. On the other hand, the risk factors for small duct intrahepatic CC are

similar to those for primary hepatocellular carcinomas, including chronic viral hepatitis

and /or non-biliary fibrosis and cirrhosis/808!,




Recent research on intrahepatic CC has identified many molecular alterations, including
KRAS, TP53, ARID1A, IDH1/2, BAP1, BRAF, and other mutations|7l.

Both types of intrahepatic CC are aggressive carcinomas with high mortality and poor
survival rates. Resectability of the tumour indicates better prognosis, but most patients
present with unresectablen tumours. Adjuvant therapy, usually a combination of
gemcitabine and cisplatin, is recommended for patients with node-positive disease and
positive resection margins. Other therapies such as radiation, TACE and ablation have
been successful to varying degrees in unresectable cases. Furthermore, a combination of
targeted therapy and immunotherapy has shown promise in the treatment of patients

with CCl8283],

CONCLUSION

The small intrahepatic bile ducts are affected by a wide range of non-neoplastic and
neoplastic conditions and vary considerably in clinical and morphological presentation.
Given their progressive nature and limited curative options, biliary diseases account for
significant morbidity and mortality in both the adult and paediatric populations.
Cholangiopathies often result in end-stage liver disease requiring liver transplantation.
Although the majority of cholangiopathies are long established, recent entities such as
SSC-CIP and CPI-induced cholangiopathy have complicated the application of new
therapeutic agents and approaches!>0.6061], Cholangiopathy has also developed in some
critically ill patients infected by B-coronavirus SARS-CoV2, isolated for the first time in
Wuhan in December 2019167711,

Although the pathogenesis of most cholangiopathies is complex and poorly
understood, environmental and genetic factors are likely to be involved. Moreover,
given that each cholangiopathy has a heterogeneous pathogenesis and a variable
natural history, individual responses to therapy will be different(61.711.

Early identification of the pathological mechanisms that compromise cholangiocytes
and the small bile ducts is crucial in determining appropriate treatment. While large

bile duct pathology is usually visualised by imaging methods, liver biopsy is still




considered an effective tool in the diagnosis of small bile duct injury. However,
discrepancies between histomorphological, clinical, and biochemical presentations of
small bile duct disorders can hinder the diagnostic process. Clinically clear cholestatic
conditions manifesting in pruritus and elevated serum ALP, GGT, cholesterol and bile
salts can progress without significant bilirubinostasis on biopsy. In addition,
pathognomonic morphological signs of small duct cholangiopathies are often focal and
may be easily overlooked during percutaneous liver biopsy. On the other hand, early-
stage cholangiopathy with a fully developed histomorphological pattern may be
accompanied by only minimal and non-specific biochemical abnormalities.

Uneven fibrosis progression within the liver parenchyma is another factor that
complicates the diagnostic process, notably when staging fibrosis in a chronic biliary
disease. The application of standard semiquantitative scoring systems can serve to
underestimate or overestimate the fibrosis stage, particularly in a limited tissue
specimen. The clinician should consider not only the data obtained from the liver
biopsy but also the results of imaging and other methods (FibroScan, elastography)
relevant to the assessment of liver fibrosis.

The implementation of new, predominantly non-invasive diagnostic tools and methods
that bridge the shortcomings of liver biopsy is needed. Moreover, further studies are
required to elucidate the environmental, genetic, and epigenetic background of the
processes affecting the biliary tree and to improve the clinical management of both
hereditary and acquired small duct cholangiopathies.

Understanding the underlying pathogenetic mechanisms, familiarity with basic
morphological patterns, and the ability to correlate microscopical findings with clinical
and laboratory results are important elements when forming an overall clinical picture
and selecting the optimal therapeutic approach in patients with biliary diseases. To that
end, the close cooperation of all medical specialists participating in the diagnostic

process is recommended.
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