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Preface

Diseases of the biliary tree remain fascinating conditions. In the last decades there
have been major advances in the understanding of the epidemiology, pathogenesis
and treatment of these conditions. Given their particular importance (even for clini-
cians working with adults), paediatric conditions are now finally starting to translate
into better diagnosis and management. Biliary atresia is a rare disease which occurs
in newborn infants, its surgical treatment is most successful in babies younger than
3-months-old, so early diagnosis is important, and ongoing research will improve
the outcomes. Congenital cystic lesions of the biliary tree and biliary hamartomas
have been recently updated on the basis of new knowledge of the embryologic
development of the biliary tree and the novel imaging findings which can better
recognize the ductal plate malformations.

Part 2 provides an excellent overview of the genetic cholangiopathies with a
summary of recent genetic discoveries in different conditions. One of the recent
advances is the low phospholipid-associated cholelithiasis, a genetic disease associ-
ated with a mutation of the ABCB4 gene that codes for protein MDR3, a biliary
carrier. This condition should be suspected in all patients with cholelithiasis before
40 years of age, but there also exist complicated forms involving extended intrahe-
patic lithiasis and its consequences. An excellent overview of immune cholangiopa-
thies (primary biliary cholangitis, primary sclerosing cholangitis and overlap
syndromes) is also presented. IgG4-related sclerosing cholangitis has emerged as
one of the main differential diagnoses with primary sclerosing cholangitis. A chap-
ter presents a comprehensive summary of current understanding of the pathophysi-
ology, diagnosis, natural history and treatment of IgG4-related sclerosing
cholangitis. One of the greatest challenges in the management of patients with pri-
mary sclerosing cholangitis lies on the significantly increased risk of malignancies,
including cholangiocarcinoma, gallbladder neoplasia and colorectal neoplasia.

In terms of therapeutics, the area with greatest advances has been primary biliary
cholangitis. Results of recent trials are discussed and we provide readers with up-
date management. One chapter is dedicated to inflammatory cholangitis which is
the most common form of secondary cholangitis, characterized by the proliferation
of bacteria within the bile and with the secondary obstruction of biliary tracts.
Another form, which in recent years has led to an increased interest in drug-induced
liver injury, presents with a cholestatic pattern. In this view the current knowledge
on this issue has been reviewed with a particular interest in monitoring specific
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biomarkers and discussing the role of liver biopsy together with novel agents caus-
ing drug-induced cholestasis. The relationship between cholestatic liver disease and
pregnancy is discussed in another chapter considering the most relevant available
data in literature and recommendations reported by international societies. Finally,
much evidence has accumulated on liver transplantation and chronic cholangiopa-
thies addressing the indications for liver transplantation, waitlist mortality, overall
results and disease recurrence.

Given its scope, the book offers a valuable guide for a broad range of practitio-
ners. Hepatology, gastroenterology, paediatrics and surgery are the disciplines
addressed by the book. I would like to sincerely thank all the contributors for taking
time from their extremely busy schedules.

Verona, Italy Annarosa Floreani



PartI Congenital Biliary Abnormalities

1  BiliaryAtresia....... ... ... ... . . 3
Pietro Betalli, Maurizio Cheli, and Lorenzo D’ Antiga

2 Congenital Cystic Lesions of the Biliary Tree .................... 19
Alberto Lasagni, Giovanni Morana, Mario Strazzabosco,
Luca Fabris, and Massimiliano Cadamuro

3 BiliaryHamartomas.......... ... ... ... ... ... .. .. .. 47
Raffaella Motta, Andrea Pirazzini, Amalia Lupi, Paolo Marchesi,
Chiara Giraudo, and Annarosa Floreani

Part I Genetic Cholangiopathies

4 Alagille Syndrome. . .......... ... .. 57
Paola Gaio, Elena Reffo, Claudia Mescoli, and Mara Cananzi

5 Caroli’sDisease. ............... ... 85
Raffaella Motta, Amalia Lupi, Andrea Pirazzini, Chiara Giraudo,
and Paolo Marchesi

6 Liver Disease in Cystic Fibrosis. . .................. ... .. ..... 93
Carla Colombo, Laura Zazzeron, Chiara Lanfranchi,
and Valeria Dacco

7  Low Phospholipid-Associated Cholelithiasis (LPAC) .............. 115
Annarosa Floreani and Christophe Corpechot
Part IIl Autoimmune Cholangiopathies

8 Primary Biliary Cholangitis. .. ........... ... ... .. .. ... ..... 123
Annarosa Floreani

9  Primary Sclerosing Cholangitis. ............................... 135
Laura Cristoferi, Alessio Gerussi, Marco Carbone,
and Pietro Invernizzi

vii



viii Contents

10 Immunoglobulin G4-Related Sclerosing Cholangitis ..............
Atsushi Tanaka

11 Overlap Syndromes. . ......... ... ... ...
Nora Cazzagon and Olivier Chazouilleres
Part IV Secondary Cholangiopathies

12 Inflammatory Cholangitis . ........... ... .. .. .. .. ... .....
Erik Rosa-Rizzotto, Diego Caroli, and Laura Scribano

13 Drug-Induced Cholangiopathies . .. ............................
Sara De Martin, Emanuela Bonaiuto, and Daniela Gabbia
Part V. Neoplasms of the Biliary Tree

14 Cholangiocarcinoma. ... ......... ... ... .. . i
Alberto Lasagni, Mario Strazzabosco, Maria Guido, Luca Fabris,
and Massimiliano Cadamuro

Part VI Special Topics

15 Pregnancy and Diseases of the Biliary Tree . . ....................
Nora Cazzagon

16 Transplant and Autoimmune Diseases . .........................
Martina Gambato and Francesco Paolo Russo



Partl

Congenital Biliary Abnormalities



Check for
updates

Biliary Atresia

Pietro Betalli, Maurizio Cheli, and Lorenzo D’Antiga

1.1 Introduction

Biliary atresia (BA) is the main cause of obstructive jaundice in the newborn, and
it’s defined as an obliterative disorder of the intra and extrahepatic biliary tree
dependent on an inflammatory-destructive process of unknown etiology. Atresia of
the biliary tract begins in the embryonic/perinatal period and has a variability in the
atretic processes from case to case. It remains the most common cause of cirrhosis
in children and the first indication for pediatric liver transplantation. No medical
therapy is available for this condition. However, early diagnosis and early surgery
can improve patient prognosis [1].

The earliest reference to what was probably an infant with BA was reported in
1817 by Dr. John Burns as an “incurable state of the biliary apparatus” [2]. Toward
the end of the nineteenth century, John Thompson made the first accurate descrip-
tion of the clinical features and postmortem findings in an infant who appeared to
have no common hepatic duct [3].

Treatment for BA is entirely surgical, being an attempt to restore bile flow from
the native liver in the first instance, and is known as Kasai portoenterostomy (KPE);
however, in approximately half of children who underwent KPE, bile flow is not
restored, and liver transplantation is required shortly thereafter. The first surgical
success was probably described by the Boston surgeon William E Ladd in 1935 in a
series of patients with congenital biliary obstruction; Ladd anastomosed dilated
proximal parts of the obstructed biliary tree with the intestines so restoring some
kind of continuity [3]. It, however, became clear that in most infants recognized to
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have BA, there was no proximal dilated remnant to find, irrespective of how high
one dissected into the porta hepatis. They were, therefore, described as “uncorrect-
able” BA. In the late 1950s, Morio Kasai first began simply to transect high in the
porta hepatis and join this up to a mobilized Roux loop even if there were no visible
ducts present. In a proportion of cases, this enabled restoration of bile flow and
clearance of jaundice [4, 5].

1.2  Epidemiology

The incidence of BA presents marked variation depending on geographic area,
ranging from about 1 in 10,000 live births in Japanese population [6] to about 1 in
15,000-20,000 in mainland Europe [7], England and Wales [8], and North America
[9]. The highest incidence is reported in French Polynesia (where it is reported in
about 1:3000 live births) and Taiwan (1 in 5000) [10—-12]. There is a female prepon-
derance in those considered to have a “developmental” origin, whereas sex distribu-
tion is equal in the majority of patients with isolated BA [13, 14]. The incidence of
BA with splenic malformation syndrome (BASM) is rarely reported in Asian series,
but accounts for about 10% of European and North American cases [14—16].

1.3  Etiology and Pathogenesis

It is likely that a number of different mechanisms can lead to what we refer to as BA
in the early postnatal life. At least four different subtypes of BA can be distin-
guished based on clinical or laboratory features.

1. Those with other congenital anomalies, and typically the BASM

2. Cystic BA, that is, extrahepatic cystic development within an obliterated
biliary tree

. Viral-associated BA—particularly CMV-IgM +ve-associated BA

4. Isolated BA, that is, none of the features described above

(O8]

It is highly likely that BA with other congenital anomalies and cystic BA have in
utero origins and can be regarded as “developmental” variants. BASM is associated
with extrahepatic abnormalities, such as polysplenia or asplenia, cardiovascular
anomalies, intestinal malrotation or nonrotation, preduodenal portal vein, and
absence of the vena cava. About 1/3 also have situs inversus and are examples of
so-called laterality defects, strongly suggesting their origin within the embryonic
phase of human development. Given this, it also seems probable that a genetic or
epigenetic etiology is involved [10, 11, 17, 18]. Genetic mouse models exist with
defects of laterality and failure to form normal bile ducts, though the genes thought
to be involved (CFC-1, INV, and others) have yet to be identified in humans. Some
series identified maternal diabetes as a key clinical association, probably acting in
an epigenetic manner. Other variants include an association with other major
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congenital malformations, such as esophageal or jejunal atresia, but without any
sign of laterality defects (<5% overall) [19-22].

Cystic BA is seen in about 5-10% of most large series, irrespective of the geo-
graphic origin. The cyst may contain bile or mucus, implying onset after establish-
ment of continuity between intra and extrahepatic bile ducts. Redkar et al. [23]
showed that many cases of cystic BA can be detected by ultrasound during prenatal
scanning, and that they have a good prognosis postsurgery.

Most infants with BA will simply appear as patients with isolated liver anomalies
with a negative serological profile for common hepatotropic viruses. It is controver-
sial whether a normal biliary tree can be damaged secondarily after birth, although
large experimental research with animal models is based on this assumption.
Harpavat et al. from Texas, USA retrospectively analyzed blood samples obtained
from their BA patients series on day 1 or 2 of life and showed that all had elevated
levels of conjugated bilirubin at this age, implying that all had biliary obstruction at
the time of birth [24].

Nonetheless, there have been many theories regarding pathogenesis of isolated
BA. The viral-induced, immune- or autoimmune-mediated inflammatory obstruc-
tion of the biliary tree has been the most commonly accepted theory, but largely
based on experimental observations. Some groups have described infants with a
different clinical and laboratory phenotype (later presentation, an inflammatory
appearance in liver histology and a Th1l-dominant T cell infiltrate) in their clinical
series, linked with CMV (IgM+ve) infection [14-21].

From the pathology point of view, BA is as an occlusive panductular cholangi-
opathy affecting both intra and extrahepatic bile ducts that can be divided according
to the extent of the fibrotic obliteration or absence of parts of the biliary tree. The
most common classification divides BA into three types based on the most proximal
level of occlusion of the extrahepatic biliary tree (Fig. 1.1).

In type 1, there is a patent biliary lumen from the liver to the common bile duct,
which is then atretic; many cases are associated with cystic changes. In type 2, the
patent biliary lumen extends to the common hepatic duct, which is atretic. In both
types, there is a degree of preservation of structure in the intrahepatic bile ducts, but
they are still irregular although not dilated (a key distinction from congenital chole-
dochal malformation). Type 3 is the most common, characterized by no apparent con-
nection and a “solid” proximal bile duct remnant at the level of the porta hepatis. In
type 3 BA the intrahepatic bile ducts are usually grossly abnormal with a myriad of
small ductules coalescing at the porta hepatis, which can be accessed at KPE (Fig. 1.1).

In BA, liver histology shows features suggestive of “large duct obstruction”, with
edematous expansion of the portal areas, bile ductular proliferation, and the appear-
ance of bile plugs. The distinctive feature is ductular proliferation and portal fibro-
sis. There might be a marked inflammatory aspect with infiltration of activated
mononuclear cells, such as CD4+ T cells and NK cells. As the disease progresses,
monocytes/macrophages also appear prominent, along with progressive bridging
fibrosis between portal areas. The extrahepatic remnant in type 3 BA is character-
ized by a multiplicity of microscopic bile ductules embedded within a fibro-inflam-
matory stroma—most evident at the level of the porta hepatis. Even in these, the
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Type | Biliary Atresia

Type Il Biliary Atresia Type Il Biliary Atresia

Fig. 1.1 Pathological classification of biliary atresia (in black the atretic biliary tract)

gallbladder and distal common bile duct may look completely normal, though the
former contains clear “mucus.”

A proinflammatory molecular profile was reported in a large-scale gene expres-
sion analysis of liver biopsies from infants with BA. This study suggested a genetic
footprint in which genes involved in the Th1 helper cell response were activated at
an early stage, with simultaneous but transient suppression of markers of humoral
immunity [25, 26].

A novel mechanism of immune damage has been suggested by Muraji et al. [27]
based on the observation that male BA infants have a three-fold increase in maternal-
origin cells in their livers. These were later shown to be maternal-origin chimeric
CD8+ T cells and CD45+ NK cells that appear capable of initiating immune chol-
angiolar damage. This has been termed maternal microchimerism, and it may
explain why the destructive process seems time-limited and most potent shortly
after birth.

Recently, an intriguing interpretation of outbreaks of BA in animals has been
advanced, suggesting a possible environmental cause, which may have implications
also for humans. Sheep farms around the Burrinjuck Dam, New South Wales,
Australia, reported recurrent outbreaks of BA in lambs, where their pregnant
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mothers had been allowed to graze on the foreshores of the dam, which had become
exposed by drought conditions [28]. It appeared that a particular weed known as the
red crumbweed (Dysphania glomulifera subsp. glomulifera) in these conditions had
proliferated and was the major source of maternal nutrition. In later years, whenever
the exact combination of exposed foreshore, weed proliferation, and grazing preg-
nant livestock occurred, affected offsprings were born.

In conclusion, the etiology and pathogenesis of BA remains a field still unclear
and unknown in most cases, though there are intriguing possibilities for the different
clinical phenotypes or variants.

1.4  Clinical Features and Diagnosis

Pale stool is the key feature of BA (Fig. 1.2). This, together with dark urine in an
otherwise healthy and well-nourished infant, is an alarm sign that must be investi-
gated. Neonatal jaundice persisting for longer than 3 weeks in a breast-fed newborn
or 2 weeks in a formula-fed newborn requires testing of total and conjugated
bilirubin.

Such infants, despite the absence of gastrointestinal bile, initially thrive nor-
mally, masking the serious underlying disease. Jaundice persisting after 2 weeks in
a term infant is not normal, therefore this should raise suspicion and lead to further
examination of stool and urine. Urine at this age should be colorless and should not
stain the nappy [29].

Screening programs have been developed in some countries, such as Taiwan and
parts of Japan. These rely on stool color observation by the parents and return of a
stool color card, which was given to all the mothers leaving the nursery. They have
reported a remarkable improvement in the time it takes to diagnose BA, where there

Fig. 1.2 Acholic stool.
The diaper contains
cheesy, whitish stools
completely lacking any
bile pigment staining
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had been delays. Some European countries, such as Switzerland, or regions, such as
North Netherlands, are also practicing screening though the results have not been
published.

Apart from the jaundice, the physical signs at the first weeks of life may be mini-
mal and consist only of soft hepatomegaly. Late signs include failure to thrive, asci-
tes, and cutaneous signs of chronic liver disease with splenomegaly. In some infants,
the presenting feature is fat-soluble vitamin K deficiency, leading to coagulopathy
and bleeding. Sometimes, this is innocuous gastrointestinal hemorrhage but in some
can be catastrophic intracranial hemorrhage.

The biochemical characteristics of BA include conjugated (direct) hyperbilirubi-
nemia, raised hepatocellular enzymes, raised alkaline phosphatase, and y-glutamyl
transpeptidase, but there is a significant overlap with many other causes of neonatal-
conjugated jaundice and no test is specific.

Ultrasonography (USS) is usually the next step. This typically shows absence of
biliary tract dilatation with lack of display of the gallbladder. One feature that has
been suggested as specific is the so-called “triangular cord sign” illustrating the
cone-shaped periportal fibrous mass cranial to the bifurcation of the portal vein [30]
(Fig. 1.3).

There is no single pathognomonic preoperative finding of BA, but reasonable
suspicion necessitates progression to more invasive tests. In our practice, percutane-
ous liver biopsy is always performed after exclusion of medical causes of choles-
tatic jaundice (e.g., a-1 antitrypsin deficiency, Alagille syndrome) (Fig. 1.4).

USS and histology establish the diagnosis accurately in more of 85% of cases of
BA [31]. Key histological features include bile duct proliferation, a small cell infil-
trate, portal fibrosis, and absence of sinusoidal fibrosis [32].

Twenty-four hours duodenal aspiration and analysis of bile has been used for the
diagnosis in some Asian centers, but its accuracy has never been published. Other
noninvasive tests, such as radionuclide scans using a variety of technetium-labeled
iminodiacetic acid derivatives, are now less commonly used because discrimination
between medical and surgical causes is poor. Use of endoscopic retrograde

Fig. 1.3 Triangular cord sign: hyperechoic area, tube-shaped, anterior to the porta hepatis (arrow-
heads) representing the fibrotic residual of the biliary tree



1 Biliary Atresia 9

Days

20 GP Action

Jaundice with colored urine +/— pale stools.
Blood tests
and refer to
hospital.
Y
Referral

Days . .

33, Surgical jaundice confirmation Hospital Action

(conjugated hyperbilirubinemia).
Hypocholic or acholic stools?

| / \
Days

40 Presence of bile in the bowel. Complete bile absence in the bowel.

No surgical jaundice. Biliary Atresia highly suspected
Genetic Liver biopsy/
testing/Liver Cholangiography
biopsy \ /
DIAGNOSIS
Y

Fig. 1.4 Flowchart showing a timely and correct approach to the patient with suspected bili-
ary atresia

cholangiopancreatography (ERCP) is possible in infants, but is currently confined
to highly specialized centers [33]. In some centers, infants with equivocal biopsy
results undergo ERCP, although it should be noted that this diagnosis depends cru-
cially on failure to show a biliary tree, and hence, appropriate experience and judg-
ment are essential. Furthermore, there is currently a dearth of appropriately sized
endoscopes available, with manufacturers pulling out of production, and this doesn’t
bode well for being able to continue with this method in the future.

Operative visualization of biliary tree at laparotomy or laparoscopy with on-table
cholangiography remains “the last resort” when all noninvasive methods do not
allow a certain diagnosis.

1.5 Treatment

In most centers, the usual management of BA starts from a surgical attempt to
restore bile flow through the KPE technique [4, 5]. If this fails liver transplantation
is then considered. The aim of KPE is to restore, albeit imperfectly, the continuity
of the residual intrahepatic biliary system with the gastrointestinal tract and alleviate
any ongoing tendency to liver fibrosis.

The preoperative management includes correcting the coagulopathy and maybe
an antibacterial bowel preparation. Perioperative antibiotics should be effective
against aerobic and anaerobic flora.
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The diagnosis is always confirmed initially through a limited right upper quad-
rant muscle-cutting incision, allowing access to the gallbladder. A cholangiogram
should be done to confirm the diagnosis. This may not be possible in some, simply
because the gallbladder has no lumen—but this in itself is indicative of BA and
allows progression. Neonatal sclerosing cholangitis or various hypoplastic biliary
appearances (typically seen with Alagille syndrome) can be detected in some chol-
angiograms, showing patency with proximal intrahepatic ducts. Little more can be
done in these circumstances and surgery may be terminated.

Although visible bile-containing ducts may be evident in type 1 or 2 BA and a
hepaticojejunostomy performed, it is probably better that further proximal tissue is
resected completely, leading to the need of a portoenterostomy. Sometimes, on-
table evidence of cirrhosis and variceal changes may seem to make a portoenteros-
tomy futile. However, this is rarely absolutely predictable, and there are insufficient
criteria to confidently decide when a late KPE is too late. Late KPE has been vari-
ably defined as age >90, 100, or 120 days, and the reported survival with native liver
in these patients is 42% at 2 years, 23—45% at 4-5 years, 15-40% at 10 years, and
<10% at 20 years. The decision to perform KPE after day 100 may be relevant, as
KPE in infants with cirrhosis and ascites may precipitate hepatic decompensation,
and the procedure is associated with an increased risk for bowel perforations and
biliary complications at the time of LT.

Some authors have found that higher stages of fibrosis, a ductal plate configura-
tion, and a moderate-to-marked bile duct injury at KPE were independently associ-
ated with a higher risk of transplantation. Nevertheless, there is uncertainty on
whether liver histology can predict outcome after surgery, as the key determinant is
restoration of bile flow, something that is only evident after surgery.

A reasonable working rule might be that in infants older than 100 days, primary
LT may be considered more judicious (obviously where it is available), particularly,
if there is clinical and USS evidence of nodularity on the liver surface and moderate
to severe ascites [34-36].

If the BA diagnosis is confirmed, we believe that the most consistent and effi-
cient dissection of the porta hepatis is facilitated by mobilization of the liver. This
need not involve division of all the suspensory ligaments and can be limited to just
the falciform and the left triangular, and still allows the entire organ to be everted
onto the anterior abdominal cavity. The fibrotic remnant of the extrahepatic bile
ducts is dissected free, dividing first the common bile duct to allow it to be tracked
back to the porta hepatis. It is then transected at the level of the liver capsule. This
transected portal plate is then anastomosed to a retrocolic 40 cm jejunal Roux loop
to restore biliary continuity. A liver biopsy is performed at the conclusion of the
operation in order to document hepatic histology. The goals of the operation are to
restore the bile flow to the intestine, reduce jaundice, and halt ongoing liver damage.

Almost 15 years have now passed since Esteves et al. [37] reported the first lapa-
roscopic KPE. Further reports have been published showing no significant advan-
tage in performing this and in one German study worsening the outlook [38]. The
laparoscopic approach has still not been taken up by the larger centers in Japan,
Europe, and North America.
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The use of steroids is controversial, but appealing, given the possible role of
inflammation in the etiology of BA. Davenport et al. [39] in the first randomized
placebo-controlled trial of oral prednisolone (2 then 1 mg/kg/day in first month)
reported some improvements in early clearance of jaundice but a lack of real effect
on final results and need for transplant. The same authors followed this using an
open-label trial structure and a higher dose (starting at 5 mg/kg/day), which showed
a statistically significant 15% increase in clearance of jaundice compared to control
and placebo in those <70 days at KPE [40]. In 2014, Bezerra et al. [41] studied the
effects of a 13-week course of steroids on clearance of jaundice with native liver at
6 months after Kasai. This was multicenter and had an older population than the UK
trials, and although there was some difference between active and placebo groups,
the authors found no statistical significance.

Ursodeoxycholic acid (UDCA) is widely thought to be beneficial, but only if
surgery has already restored bile flow to reasonable levels. UDCA “enriches” bile
and has a choleretic effect, increasing hepatic clearance of supposedly toxic endog-
enous bile acids and may confer a cytoprotective effect on hepatocytes.

1.6 Complications

Ascending cholangitis is the most frequent complication after KPE, especially in
the first postoperative year, and is probably due to the restoration of direct commu-
nications between intrahepatic bile ducts and the small bowel [42]. Clinical presen-
tation of cholangitis is with fever, jaundice, and abdominal pain. Acholic stool and
deterioration in liver function tests should also be present. Early diagnosis is very
important to prevent the loss of remaining patent bile ducts and to preserve the
native liver function. In patients unresponsive to antimicrobial treatment a percuta-
neous liver biopsy may be cultured to identify the causative organism, but this is
uncommonly required. Cholangitis should be treated aggressively with intravenous
antibiotics against Gram-negative organisms.

A prophylactic regimen with oral antibiotics, such as amoxicillin, trimethoprim,
and cefalexin, might be considered in all children who have undergone KPE in order
to prevent cholangitis in the first months after the operation. In cases of children
with recurrent cholangitis, following clearance of jaundice, liver scintigraphy may
detect a Roux-loop obstruction. This is important, as it is surgically correctable.

Portal hypertension (PH) and esophageal varices are two serious complications
after KPE, and they are due to the progressive liver fibrosis causing sustained eleva-
tion of portal venous pressure. Progressive hepatosplenomegaly, gastrointestinal
bleeding, ascites, encephalopathy, and hepatopulmonary syndrome may all be signs
of PH (Fig. 1.5). Among adult survivors with native liver, the incidence of PH varies
from 50% to 90% [43].

Portal venous pressure is often already high before surgery. Some studies have
shown that infants with this early high level of portal venous pressure have worse
outcomes in terms of native liver survival and risk for varices and variceal bleeding.
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4

Fig. 1.5 Complications of failed Kasai portoenterostomy: (a) jaundice, abdominal distension,
ascites, and rachitic rosary (arrowheads): (b) palmar erythema

Duche et al. also showed that the presence of ascites, serum bilirubin concentration
>20 pmol/L, prothrombin ratio <80%, and portal vein diameter >5 mm are signifi-
cant risk factors for bleeding [44]. Although bleeding is unusual before 9 months of
age, from the first year of life each child should probably have periodic surveillance
endoscopies and endoscopic variceal ligation if necessary. Sometimes, primary pro-
phylaxis as prevention of variceal bleeding may be warranted. Occasionally, emer-
gency treatment of bleeding varices using a Sengstaken tube is necessary.

There is a wide variation in estimation of the complications of portal hyperten-
sion. It is estimated that from 10 to 60% of patients present with at least one episode
of gastrointestinal bleeding during 5 years of follow-up [45]. Developing fibrosis
and cirrhotic nodules is the natural progression of the liver affected by BA. Perhaps,
one of the most dangerous complications of cirrhosis is the development of hepato-
cellular carcinoma. Fortunately, it seems that only a small percentage of children
with BA develop this kind of neoplasm and, in absence of the extrahepatic involve-
ment, liver transplantation is the effective treatment [46].

1.6.1 Prognosis

Several factors may influence the outcome of patients with BA. Age at surgical
intervention remains a critical issue, and it is widely accepted that late age at sur-
gery contributes to a worse outcome in the long-term. The age at surgery also
reflects on the effectiveness of the referring primary care system and efficacy of the
diagnostic process [47]. The current accepted standard in Europe and North America
is to perform KPE at the earliest possible age and carried out by an experienced bili-
ary surgeon. The experience of the center performing the operation also appears as
a major prognostic factor. Centralization of hepatobiliary services occurred in
England and Wales at the end of the 1990s and results following this showed signifi-
cant improvement on national outcome for this disease [48, 49].
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1.6.2 Implications for Liver Transplantation

BA is the most common indication for liver transplantation (LT) in the pediatric
population, accounting for about half of all liver transplants performed in children.
Optimal timing is crucial to achieve a successful outcome and avoid deaths on the
waiting list. The main factor affecting indication and timing of LT is the success of
KPE (Table 1.1). Children not achieving clearance of jaundice in the first few
months after surgery are usually transplanted by 2 years of age. If jaundice has
resolved by 3 months after KPE, the 10-year transplant-free survival rate has been
shown to range from 75% to 90%, whereas if jaundice persists after KPE, the 3-year
transplant-free survival rate is only 20% [50]. In a recent North American study of
the Children Liver Disease Research Network (ChiLDReN), infants with bilirubin
>2 mg/dL (~34 pmol/L) at 3 months from KPE had diminished weight gain, greater
probability of developing ascites, hypoalbuminemia, coagulopathy, and were more
likely to die or require LT [51]. Thus, children who do not demonstrate good bile
flow and clearance of jaundice by 3 months after KPE should be evaluated early for
transplantation, ideally by 6—9 months of age [52].

Infectious complications may sometimes threaten the life of a child with BA who
had a successful KPE. Repeated episodes of ascending cholangitis were associated
with a three-fold increased risk for early failure after KPE. This complication should
prompt listing to LT in case of recurrent episodes despite aggressive antibiotic ther-
apy, multiresistant bacterial organisms, episodes of life-threatening sepsis, or
severely impaired quality of life due to frequent hospitalizations [53].

PH accompanies the rapid progression of end-stage liver disease in children with
a failed KPE, raising the issue of surveillance endoscopy of these patients while
awaiting LT. However, in most patients, the risk of bleeding starts after the first year
of life [54]. Considering that varices treatment is difficult in infants (due to the lack
of a suitable banding device), that variceal bleed is rarely associated with death and
that in most centers, LT is performed by 12-18 months of age, a conservative
approach to PH based only on clinical observation in these patients seems reason-
able. Despite a much slower course, PH develops almost invariably even after a
successful KPE. A study from the USA, analyzing 163 children with BA who sur-
vived with their native liver to a mean age of 9.2 years, showed that PH could be
identified in 67%. Variceal bleeding had occurred in 20% of subjects, although the

Table 1.1 Indications for « Failed KPE
liver transplantation in
biliary atresia

e Late diagnosis: primary LT
» Failure to thrive despite aggressive nutritional support

* Recurrent or life-threatening bacterial cholangitis

* Recurrent hospitalizations impairing quality of life
* Refractory variceal bleeding
* Hepatopulmonary syndrome

* Portopulmonary hypertension

» Significant ascites and episodes of spontaneous bacterial
peritonitis

* Hepatorenal syndrome
* Hepatic malignancy
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majority (62%) had only one episode [55]. In Canada and Europe, up to 96% of
adult patients with BA had features of PH, with 65% having evidence of varices,
91% had splenomegaly, and 14% ascites. A French study showed that 99% of BA
survivors with their native liver into adulthood had evidence of cirrhosis and 70%
had significant PH [43, 56]. Extrahepatic complications of PH, such as spontaneous
bacterial peritonitis, hepatopulmonary syndrome, portopulmonary hypertension,
represent a clear indication to promptly place the patient on the transplant list [57].

Deciding the best timing to list for LT a patient who had a failed Kasai may be
challenging, and probably depends more on the transplant program setting rather
than on an individual patient’s features. A tool validated in children with chronic
liver disease is the pediatric end-stage liver disease score (PELD). PELD score is
calculated based on the age, growth failure, albumin, international normalized ratio,
and total bilirubin level and is an excellent predictor for the outcome of pediatric
patients listed for LT. However, it has been reported that the PELD score in BA
patients does not accurately reflect the true mortality risk associated with complica-
tions of PH, variceal bleeding, refractory ascites, and hepatopulmonary syndrome.
The US experience showed that BA patients have a median wait time on the list of
90 days and a median calculated PELD score of 15 at the time of transplant (UNOS
data); 15% of children with chronic liver disease have either died on the waiting list
or been removed because they were too ill to transplant. These figures are probably
related to the fact that in the US network, only approximately 10% of eligible donor
livers are split, missing an opportunity to expand access to transplant for BA
patients, and leading to a high mortality on the list in children younger than 2 years
of age [58-60]. This is not the case in countries, such as Italy, where the split tech-
nique is widely adopted, thus many left lateral segments grafts are offered to the
centers, and the mortality on the list of recipients below 2 years of age is close to 0%
[61]. Following transplantation, survival of children with BA is very satisfactory,
being greater than 90% at 5 years (Fig. 1.6).
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Fig. 1.6 Liver transplantation (OLT) in biliary atresia (EHBA). (a) Main indications to OLT; (b)
posttransplant survival of children with EHBA according to the age at transplantation in the
Bergamo center
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Congenital Cystic Lesions
of the Biliary Tree

Alberto Lasagni, Giovanni Morana, Mario Strazzabosco,
Luca Fabris, and Massimiliano Cadamuro

2.1 Introduction

Fibropolycystic liver diseases (FPLDs) designate a complex group of disorders
affecting the biliary tree, characterized by dysgenesis of the bile ducts, resulting in
the formation of segmental dilations or real cysts, eventually associated to cysts in
other organs, including kidney, pancreas, and ovaries. Common traits of these dis-
orders are the rare incidence, the congenital origin, and the unique pathogenesis
driven, at least in most of them, by an abnormal development of the ductal plate (the
embryonic structure originating the intrahepatic bile ducts) called ductal plate mal-
formation (DPM). In this heterogeneous group, it is important to keep the polycystic
liver diseases (PLDs)—autosomal-dominant polycystic liver disease (ADPLD) or
autosomal-dominant polycystic kidney disease (ADPKD)—distinct from the rarer
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Table 2.1 Fibrocystic liver disease classification according to the level of biliary tree involvement

Disease Biliary tree level affected Size

von Meyenburg complex Small intralobular bile ducts <20 pm

PLDs* Interlobular and septal bile ducts 20-50 pm

Congenital hepatic fibrosis (CHF) | Interlobular and septal bile ducts 20-50 pm

Autosomal-recessive polycystic CHF associated to nonobstructive fusiform | 20-50 pm

kidney disease (ARPKD) dilations of the renal-collecting ducts

Caroli’s disease (CD) Larger intrahepatic bile ducts >50 pm

Caroli’s syndrome (CS) Both interlobular and larger intrahepatic >20 pm
bile ducts (CHF+CD)

Choledochal cysts (CC) Extrahepatic bile ducts 2-8 mm

*Cystic formations disconnected from biliary tree

fibrocystic liver disease (FLDs), as different clinical, genetic, and pathophysiologi-
cal aspects depict these entities. PLDs are inherited disorders characterized by the
development of multiple (>20) fluid-filled biliary cysts widespread throughout liver
parenchyma and disconnected from biliary tree [1]. FLDs encompass von
Meyenburg complex (VMC), autosomal-recessive polycystic kidney disease
(ARPKD), congenital hepatic fibrosis (CHF), Caroli disease (CD) and syndrome
(CS), and choledochal cysts (CCs). The distinctive feature of FLDs is the presence
of cyst-like dilatations of the biliary tree embedded by a macrophage-dominant
immune infiltrate and dense fibrosis [2]. Schematically, each condition can be led
back to a distinct anatomical level of biliary involvement, as outlined in Table 2.1.

However, the demarcation line between these conditions is actually not sharp, as
the intrahepatic biliary tree can be simultaneously affected at multiple levels,
depending on the degree of DPM. For instance, CS is characterized by the presence
of both large duct ectasia and CHF, typically affecting the smaller bile ducts.
Moreover, biliary dysgenesis can be part of a multisystemic disease involving other
ductal epithelia, such as kidney and pancreas. Combination of renal and hepatic
disease may vary, and different liver diseases can overlap in the same patient, sug-
gesting common underlying mechanisms.

Ciliopathies. FPLDs belong to a much wider group of developmental diseases
affecting the ductal epithelia, collectively called in the last decade as ciliopathies, to
highlight the notion that cilium dysfunction plays a key role in their pathogenesis [3,
4]. Cellular cilia are categorized as motile or nonmotile. Motile cilia are expressed
by the respiratory, fallopian tube, sperm, and ependymal epithelial cells, whereby
they are involved in the regulation of fluid transport across the epithelial surfaces.
Their dysfunction causes a variety of conditions, including bronchiectasis, sifus
inversus viscerum, and infertility [5, 6]. Nonmotile cilia are sensory organelles
expressed by most polarized eukaryotic cells, including cholangiocytes and renal
tubular epithelial cells. They lay on basal bodies (centrioles) and extend outward
from the cell surface to serve as signal transducers between extracellular fluids (e.g.,
urine, bile) and the intracellular environment [7]. Upon entry in the cell cycle, non-
motile cilia are disassembled, leaving the basal bodies free to arrange the mitotic
spindle that will drive separation of chromosomes. Cilia harbor a group of proteins
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(polycystins, fibrocystin, polaris) mediating cell-cell and cell-matrix interactions
that are crucial for tissue development, regeneration/repair, and homeostasis. Thus,
alterations of these proteins during embryogenesis can explain clinical and histo-
logical findings in human ciliopathies with early onset [8]. As most polarized
eukaryotic cells, cholangiocytes and renal tubular epithelial cells express primary
cilia. Thus, these cells are the most frequently targeted by genetic defects in humans.
Ciliopathies caused by defects in primary nonmotile cilia are characterized by a
wide degree of ductal dysgenesis that may result in the development of cystic
lesions. For instance, in ciliopathies targeting the kidneys, clinical manifestations
hugely range from mild urinary concentration defects in normal appearing kidneys
to kidney with a clear, abnormal morphology and severe functional impairment. The
most common renal ciliopathies are autosomal-dominant and recessive polycystic
kidneys disease (ADPKD and ARPKD), but nephronophthisis, cystic dysplastic
kidneys, medullary sponge kidney, and various overlap syndromes are also worth
mentioning [3].

Embryology. Since DPM represents a key feature of the hepatic phenotype in
ciliopathies [9, 10], we will now briefly overview the main steps of the biliary mor-
phogenesis. The biliary system starts to develop at the 8th week of gestation from
the endodermal hepatic diverticulum of the ventral foregut endoderm. The intrahe-
patic bile duct epithelium originates from the cranial part, while the extrahepatic
portion of the biliary tree derives from the caudal part of the ventral foregut endo-
derm. In the liver parenchyma, the primordial biliary structure is the “ductal plate,”
a single layer of immature epithelial-like cells derived from the differentiation of
hepatoblasts (cells with bipotential capabilities), localized in the area abutting the
nascent portal area. Ductal plates evolve to bilayered structures expressing a dual
epithelial identity, resembling cholangiocytes on the side facing the portal tract, and
hepatocytes on the parenchymal side. In these structures, the further duplication
couples with a progressive dilation encircling a lumen to generate tubular structures,
whereby hepatoblasts are progressively replaced by cholangiocytes, and thus may
migrate into the portal mesenchyme. Once the lumen is created, around the 30th
week, intrahepatic bile ducts mature along cross-sectional and craniocaudal axis
directed from the hilum to the periphery. Progressive elongation of the bile ducts is
critically regulated by an intricate mechanism that orientates mitosis along the right
axis and maintains the tubular architecture within the ductal plane, the so-called
“planar cell polarity.” This process is finely orchestrated by mutual interactions
between ductal plate and mesenchymal cells under the control of a huge number of
growth and transcription factors, stimulating cell migration and cholangiocyte dif-
ferentiation. When defective, this mechanism leads to abnormal dilated or discon-
nected bile ducts, resulting into biliary cystic or “cyst-like” lesions. Depending on
the time when this embryological development is hampered, DPM can lead to dif-
ferent liver phenotypes. At an early stage of ductal plate remodeling, the largest
intra or extrahepatic bile ducts are affected, resulting in CD, CS, or choledochal
cyst. In the intermediate period, medium-sized intrahepatic bile ducts are involved,
and this perturbation leads to ADPKD and ADPLD. Only in the later stages, small
interlobular bile ducts are affected, giving rise to VMC or CHF [9, 11].
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Genetics and molecular pathogenesis. Ciliopathies encompass a wide range of
diseases caused by different genetic defects, though clinically characterized by sim-
ilar features.

ADPKD is caused by mutations in PKD1 (80-85%) or PKD2 (10-15%) [12, 13].
Liver is affected in 85% of patients [1, 14]. PKD1-2 encode the ciliary proteins
polycystin-1 (PC1) and PC2 that form a functional complex regulating intracellular
calcium homeostasis [15] composed by PC1, a mechanoreceptor involved in cal-
cium signaling and PC2, a nonselective calcium channel. However, ADPLD is the
result of mutations in several genes, including PRKCSH that is the most frequent,
present in around 15% cases, SEC63, SEC61B, GANAB, ALGS8, LRP5 [16-20].
Nonetheless, these gene mutations are found only in half of ADPLD patients. All of
these genes encode for proteins located in endoplasmic reticulum (ER), involved in
protein biogenesis, except for LRPS that is a plasma membrane coreceptor partici-
pating in Wnt signaling. As shown in experimental models, cystogenesis is super-
vised by PC1. Thus, affections of PKD1 or in the aforementioned ER-related genes
result in impaired ciliary structure and, therefore, cholangiocyte proliferation and
cystogenesis [21]. Moreover, PC1 is also involved in controlling Wnt signaling,
linking to LRP5 mutations.

PLDs are an autosomal-dominant disease that is recessive on a cellular level. A
somatic mutation on the wild-type allele or a mutation on a second PLD-associated
gene is necessary to initiate cyst development [22]. Thus, cystogenesis originates
both from DPM and second-hit mutations in the wild-type allele of PLD-related
genes in intrahepatic cholangiocytes with loss of heterozygosity [22]. Patients with
PKDI, particularly truncating mutations, present a more severe phenotype with ear-
lier progression to end-stage renal failure than PKD2-mutated patients [23]. In
ADPLD, a worse clinical course is associated to mutations in PRKCSH or SEC
63 [24].

According to different models, cystogenesis arise either from cystic cholangio-
cyte proliferation or through the recruitment and biliary differentiation of nearby
hepatoblasts [25-27]. Anyway, the natural history of PLDs is characterized by
growth of cyst during adult age, and these processes require cell proliferation [2].
Through different mechanism, PC1- and/or PC2-defective cholangiocytes alter cal-
cium concentrations increasing cAMP production, and thereby activating PKA-
dependent cell proliferation and hypersecretion. Meanwhile, increased cAMP
stimulates vascular endothelial growth factor (VEGF) via an mTOR-ERK1/2-
HIF1a-mediated pathway [28, 29]. VEGF has autocrine and paracrine proliferative
effects on cystic cholangiocytes and vascular endothelial cells, resulting in cyst
expansion and pericystic vascularization [30-32].

PKHDI is the most frequently involved gene in FLD, such as CHF/CD and
ARPKD. It is a complex gene of 500 kb located on the chromosome 6p21.1p12
encoding for fibrocystin/polyductin (FPC). FPC is a receptor-like protein localized
in the basal body of cilia and centromeres, predominantly in collecting ducts and
thick ascending loop epithelium in the kidney, and in ductal epithelium of liver and
pancreas. Its function is yet far to be deciphered, but it is likely involved in multiple
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cell activities, such as proliferation, secretion, terminal differentiation, and hetero-
typic interactions with the extracellular matrix. Recently, it has been suggested that
FPC may control the “planar cell polarity,” acting together with p-catenin indepen-
dently of Wnt activation [2, 9]. Recent studies have unveiled that in cholangiocytes,
FPC exerts an inhibitory tone on a pro-inflammatory phenotype, which is likely
reminiscent of a developmental behavior of epithelial cells necessary to accomplish
cell-cell communications during embryogenesis. When FPC is defective, B-catenin
is overactivated, leading to an uncontrolled secretion of cyto/chemokines (CXCLI,
CXCL10, CXCL12) able to attract macrophages and mesenchymal cells in the
peribiliary area, ultimately resulting in a progressive collagen deposition around the
dysgenetic ducts. In FPC-defective cholangiocytes, chemokine secretion is further
enhanced by a local, self-perpetuating feed-forward loop sustained by IL-1p through
the activation of the JAK-signal transducer and activator of transcription 3 (STAT3)
pathway, which operates through an activated inflammasome [2, 33, 34]. Genetic
structure of PKHDI has been analyzed, leading to the identification of over 300
mutations, with a detection rate ranging from 42 to 87% [35]. However, the overall
picture is even more complex, as clinical features and progression rate of renal or
hepatic disease are independent and may vary within a given PKHD1 mutation, sug-
gesting the intervention of other unknown phenotype modifying genes. Of note,
current mutation analysis is not predictive of outcome. Missense, deletion/insertion,
and splicing mutations have been described in ARPKD patients. The most frequent
pathogenic variants of PKHDI gene are nonsense truncating mutations (around
60%), while missense mutations account for 40% [36]. Moreover, mutation detec-
tion rates are higher for patients with severe, early-onset disease because they usu-
ally show truncating mutations that are easier to detect [37]. Given the high
frequency of missense mutations, in particular single nucleotide mutations, an
ARPKD mutation database has been created to support genetic studies and interpre-
tation of genetic testing in view to predict the severity of the disease [38]. Other
genes can be involved in the pathogenesis of CHF and CD, and they are reported in
Table 2.2. Among them, mutations in IFT88/polaris—encoding a component of the
intracellular transport system, involved in cell cycle and ciliogenesis—cause a liver
phenotype similar to FPC deficiency, as shown in rodent models [39].

Table 2.2 Genetics of Mutated gene | Associated syndrome | Liver disease
FLD-related syndromes. PKHD1 ARPDK CHF., CD
Adapted from [37] o
PDK1-2 ADPDK CHEF, biliary cysts
NPHPI1-15 NPHP CHF
JBTS1-20 Joubert CHE, CD
BBS1-15 Bardet-Biedl CHF
MKS1-10 Meckel-Gruber CHF
OFD1 Oral-facial-digital 1 | CHF
ATD1-5 Jeune CHE, CD
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2.2  Polycystic Liver Disease

PLD is characterized by more than 20 fluid-filled liver cysts [40], even if recently a
consensus experts suggested to consider PLD in the context of >10 cysts [1]. Cysts
could be located to one or more segments or spread throughout liver. Presence of
large and numerous cysts lead to hepatomegaly as shown in Fig. 2.1. The natural
history is characterized by growth of cyst during adult age. PLD occurs in the con-
text of two distinct hereditary disorders, more frequently associated with polycystic
kidney disease in ADPKD rather than as primary ADPLD. Its prevalence is
1:500-1000 and 1:100,000, respectively in ADPKD and ADPLD [41].

Polycystic kidneys are the primary lesion in ADPKD, and PLD is associated up
to 83% cases [14]; whereas in ADPLD, even if renal disease is absent, asymptom-
atic renal cysts could be found in 28-35% of patients [42].

There is a large variation in the severity of liver disease, from few cysts to inca-
pacitating severe hepatomegaly. This clinical heterogeneity may be partially
explained by the different effects of each mutation on PC1 expression/function, as
well as on the other proteins that contribute to the process of cystogenesis [18, 43].
Family studies suggest a disease penetrance around 80%, so 20% of mutation carri-
ers will have only mild or absent disease [41].

Etiology, age, and gender have been associated with severity of disease. Women
affected by ADPKD have larger hepatomegaly in terms of height-adjusted total liver
volume (hTLV) (see below) than those with ADPLD, even after age correction [1].
Young women (<48 years) appeared to present a more rapid progression and much

Fig. 2.1 (a, b) Autosomal-dominant polycystic disease. F, 32 years. T2w images, coronal view,
two different slices. A diffuse cystic involvement of the liver and the kidneys (RK; LK) can be
appreciated
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larger increase in liver volume compared to older woman or man. These gender-
dependent differences could be linked to the hormonal status of the woman. Indeed,
massive hepatomegaly in ADPKD is more frequent with a prior pregnancy and, in
postmenopausal women, liver growth appeared to slow down [44]. The effect of
estrogen use in oral contraceptives has also been questioned, but results from stud-
ies are contradictory, possibly due to progressive decrease in the dosage during last
decades. Anyway, even requiring further elucidation, in clinical practice avoiding
oral contraceptives containing estrogen is the main lifestyle adjustment suggested.
Longitudinal studies comparing natural course of ADPKD and ADPLD are needed
to develop a prediction model based on age, gender, etiology, and hormonal status.
Such model, able to select patients at risk for severe hepatomegaly, is still warranted
to offer better counseling and management advice [44].

In most patients, PLD courses asymptomatic and routine surveillance are not
recommended. Indeed, clinical presentation is related to the number, volume of
cysts, and especially to the development of hepatomegaly that triggers symptoms
and prompt-imaging testing. Symptoms are related to the compression that the
enlarged liver exert on close organs, including stomach, lungs, and intestines.
Accordingly to liver shape and volume, symptoms may range from pain to the back
or flank in mild PLDs to dyspnea, debilitating abdomen-flank-back pain, early sati-
ety, gastro-esophageal reflux, decreased food intake resulting in weight loss and
sarcopenia in severe PLDs [45]. Regardless of liver upheaval, liver function remains
preserved. However, recent findings suggest that compression of hepatic veins or
inferior vena cava causes hepatic venous outflow obstruction (HVOO). This was
found in 92% of patients who underwent liver resection or transplantation.
Furthermore, histology on these samples revealed liver fibrosis in 56.8% of patients.
Clinical impact of HVOO remains unclear, but it may be related to ascites and liver
failure in the postoperative [46]. Elevated alkaline phosphatase (ALP) or gamma-
glutamyl transferase (GGT) is not uncommon in the moderate or severe disease, but
they do not have any clinical significance. Finally, quality of life is also severely
impacted by physical appearance, especially in young female patients who, in
severe PLDs, bear a protruding abdomen similar to full-term pregnancy.

Associated disease and syndromes. ADPKD is a multisystemic disorder. Renal
function is severally affected in ADPKD with onset of hypertension and progressive
renal failure in most patients. Moreover, intracranial and arterial aneurysms, cardiac
valvular alterations, especially mitral valve prolapse [42, 47] may coexist, thus early
assessment of cardiovascular risk factor and screening with cerebral MRI angiogra-
phy are advised [48]. Cysts in other organs, such as pancreas or seminal vesicles in
testis, have been demonstrated but remain silent [41]. Arachnoid cysts, present in
8% of patients, may occasionally lead to subdural hematoma [48]. Finally, a multi-
specialist patient-centered approach in specialized centers is warranted in these
patients [49].

Diagnosis. Diagnostic criteria for ADPLD and ADPKD are summarized in
Table 2.3. Imaging is pivotal in the diagnostic, staging, and prognostic process.
Abdominal ultrasound (US) is the first level test in case of abdominal pain, physical
examination suggesting hepatomegaly or abnormal liver test. Cysts appear as
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Table 2.3 ADPLD and ADPLD Liver cysts
ADPKD diagnostic criteria Positive family history
<40 years >1
>40 years >4
Negative family history
30-70 years >10
ADPKD Kidney cysts
Positive family history
15-39 years 32
40-59 years 20
>60 years 4°
Negative family history
<60 years 5¢
>60 years 8¢
aUnilaterally or bilaterally
"Bilaterally
Per kidney

homogeneous anechoic fluid-filled well-circumscribed round space. US also per-
mits to differ between ADPLD and ADPKD based on finding of either liver and/or
kidney multiple cysts. Moreover, US is the first mean for screening in at-risk indi-
viduals or asymptomatic first-degree relatives. On computed tomography (CT) or
magnetic resonance imaging (MRI), cysts have nonenhancing, well-circumscribed
round walls with hypodense content, while on T2w MRI scans, they appear as
homogeneously spherical lesions. Furthermore, by using semiautomatic software,
CT and MRI add the possibility to estimate liver volume that is a prognostic marker
and the main endpoint for novel therapeutic strategies, as it impacts both on symp-
tom burden and quality of life [1]. MRI showed better performance in detecting
small cyst in young individuals [50].

Genetic testing and counseling are not required for diagnosis of ADPKD, unless
in selected cases, including atypical renal imaging and sporadic PKD without fam-
ily history. PKD1/2 mutation is detectable in most cases with current techniques.

Once identified, hepatomegaly needs to be further categorized in order to assess
severity, prognosis, and eventual therapeutic recommendation. Several classifica-
tions have been implemented and are outlined in Table 2.4. The Gigot classification
is based on number, size of the cyst, and extent of liver parenchyma involved and
can help for a crude differentiation of phenotypes. Since it does not include symp-
toms, it is inappropriate for evaluating progression of the disease or considering to
start treatment [51]. The Schnelldorfer’s classification aims to select patients that
could benefit from resection (Type C) or transplantation (Type D) [52]. Two specific
questionnaires, POLCA and PLD-Q, have been validated to assess the burden of
symptoms along time and after treatment and may serve as new clinical endpoints
[53, 54]. As aforementioned, liver volume is a mainstay feature in the course of
PLD. Among different classifications based on hTLV, the one described by Kim
better correlates with reported symptoms and need for therapy [45]. Although, it is
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Table 2.4 PLDs classifications

Gigot classification

Type 1 <10 large hepatic cysts with diameter >10 cm

Type 11 Diffuse multiple cysts with remaining large areas of noncystic
parenchyma

Type 111 Diffuse small, medium-size multiple cysts with remaining few areas

of noncystic parenchyma

Schnelldorfer’s

classification

Type A Absent to mild symptoms

Type B Moderate to severe symptoms and >2 spared liver segments
Type C Moderate to severe symptoms and >1 spared liver segment
Type D Moderate to severe symptoms and portal vein occlusion
Kim classification Ht-TLV (mL/m)

Mild <1600

Moderate 1600-3200

Severe >3200

important to highlight that different shapes could strongly impact on symptoms,
even in similar hTLV.

Complications. Complications in PLD appeared to be more frequent in ADPKD
than ADPLD and can be divided in intracystic, hemorrhage, infection or rupture, or
liver volume related [42]. Cyst hemorrhage usually occurs in large solitary cyst
(>11 cm) and manifests with acute pain in the upper abdomen or flank. Diagnosis is
made by imaging, and typical findings, intracystic inhomogeneity due to fibrin
wires and clots internal septa and higher attenuation value, are regularly seen by
US. Color-doppler US, CT, or MRI help to differentiate benign from malignant
disease in case of suspect of cystadenoma or cystoadenocarcinoma ruling out vas-
cularization in septa or capsule. Treatment is usually conservative with antipain. In
severe symptomatic patients, surgical cyst deroofing or enucleation can be consid-
ered [55]. Cyst infection is characterized by right upper quadrant pain and fever;
without treatment, it can complicate with life-threatening sepsis. The gold standard
for diagnosis is cyst aspirate containing inflammatory cells and bacteria. Most
infections arise from bacterial translocation across intestinal barrier, where E. coli
or Klebsiella spp. are the most common agents. Treatment needs a combination of
antimicrobial agents and is guided by culture and aspirate results. In case of antibi-
otic failure, cyst drainage could be considered. FDG-PET may help in diagnosis or
follow-up in selected cases [56]. Cyst rupture is very rare and is usually associated
to triggers, including hemorrhage, trauma, and rapid growth. Clinical presentation
is usually characterized by severe abdominal pain and can progress to hemody-
namic instability. Imaging shows perihepatic free fluid and often a residual cyst in
the liver. Prompt recognition is essential for treatment that consists in percutaneous
ascites drainage and eventually surgical intervention [57]. Liver volume-related
complications can result in several different symptoms according to the site of com-
pression; among them, the most feared ones push liver vascularization or bile duct.
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Portal vein occlusion, Budd-Chiari syndrome, inferior vena cava compression, lead-
ing to peripheral edema and ascites, portal hypertension with splenic varices, and
obstructive jaundice have been noticed and need individualized treatment [58].
Treatment. Asymptomatic PLDs does not need any treatment. Unfortunately,
natural history remains mainly unknown, and it is not possible to predict if a patient
will become symptomatic and in which time frame. Nevertheless, PLD does not
bear the risk of serious complications like liver failure, malignant insufficiency, or
cyst rupture. Symptomatic PLDs patients with hepatomegaly need treatment aiming
to reduce liver volume in order to improve quality of life and relief symptoms.
According to cyst size, location, and disease extent in liver parenchyma, different
strategies could be considered, even if generally an unmet need for treatments still
remains and liver transplantation is the only curative option. Currently, somatostatin
analogues (SA) are the only medical treatment able to reduce liver volume. SA
inhibits the production of cAMP in cystic cholangiocytes, leading to decreased fluid
secretion and proliferation. Monthly injections of long-acting SA, lanreotide or
octreotide, for a period between 6 months and 3 years, showed liver volume reduc-
tion and improvement of quality of life with few side effects [1]. New therapeutic
strategies aiming to interrupt pathologic liver cystogenesis and VEGF signaling are
under development and are mentioned in Table 2.5 [2, 59]. Surgical management

Table 2.5 Experimental therapeutic targets in FPLD. Adapted from [2, 59]

Target Mechanism Agent References
Somatostatin receptors® Block of cAMP signaling through Pasireotide®® | [137]
binding to somatostatin receptors Octreotide*? [137, 138]
Lanreotide®™ | [1, 40]
Inhibition of VEGFR2¢ Inhibition of VEGF pathway SU5416 [31, 32]
proliferative activation
BRAF* Inhibition of VEGF pathway Sorafenib [28]
proliferative activation
Inhibition of AC5¢ Inhibition of production of cAMP SQ22,536 [29]
p-mTOR® Inhibition of mTOR pathway Rapamycin [139]
Intracellular Ca** levels Block of cAMP signaling by UDCA [140]
and toxic bile acids® increasing intracellular Ca** TRPV4 [141]
agonist
Matrix metalloproteases Inhibition of MMP function Marimastat [142]
(MMPs)! decreasing hepatic cystogenesis
PPARY! Inhibition of ERK1/2 and mTOR~ Pioglitazone [143]
S6 kinase signaling pathways Telmisartan [143, 144]
Macrophages? Direct inhibition of monocyte— Clodronate [34]
macrophage transdifferentiation
CXCR3¢ Inhibition of monocyte recruitment AMG-487 [33]
acting on the CXCL10 receptor
“Both PLDs and FLDs
°Clinical trials in phase I-II are currently ongoing in PLD (octreotide in NCT00426153, pasireo-
tide in NCT01670110)
‘Only PLDs

4Only FLDs
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includes aspiration sclerotherapy, fenestration, and liver resection or transplanta-
tion. In case of symptoms caused by one dominant cyst (>5 cm), aspiration sclero-
therapy is the option of choice. It is a minimally invasive approach consisting in
punction under radiological guidance, cyst fluid aspiration, and temporarily injec-
tion of sclerosing agent in order to destroy the inner epithelial cells lining cysts. It
is safe and effective technique, no mortality has been reported, and the most fre-
quent side effects are postprocedural pain and intracystic bleeding [60]. Cyst fenes-
tration approach is chosen when symptoms arise from multiple larger cysts located
in the anterior segments of the liver. Aspiration and surgical deroofing are carried
out through laparoscopic approach with instant symptoms relief. Unfortunately,
recurrence occurs in 20% of patients, and complications, including postoperative
ascites, pleural effusion, and bleeding, are not uncommon. Mortality rates range
around 2% [61]. Furthermore, hepatic resection is an option for symptomatic
patients with multiple cysts in few liver segments with other segments less affected,
but it is burdened by high morbidity and mortality [62]. In some cases, dual therapy
with segmental resection and fenestration can be carried out. Finally, liver trans-
plantation is the only curative option but reserved to a selected minority of patients.
Outcome is excellent and similar to those for other indications [63]. Clinical criteria
include massive hepatomegaly, severe malnutrition, low serum albumin, sarcopenia,
severe recurrent complications as cyst infection or portal hypertension. MELD
score is not representative of disease severity in these patients, thus exception guide-
lines warrant extra points to these patients after a certain time in the waiting list
[64]. Combined liver-kidney transplant in patients with ADPKD and severe renal
failure should be considered [65].

2.3 Congenital Hepatic Fibrosis, Caroli’s Disease,
and Caroli’s Syndrome

Congenital hepatic fibrosis (CHF), Caroli’s disease (CD), and Caroli’s syndrome
(CS), namely when CHF presents dilations also in the larger intrahepatic bile ducts,
often coexist. CD is presented in Chap. 5. Thus, we will discuss their clinical aspects
together, highlighting the differences.

CHF is a rare autosomal-recessive disease. DPM affects interlobular bile ducts
leading to progressive peribiliary fibrosis, portal hypertension, and its life-
threatening complications. Although epidemiological data on the prevalence of
CHF and CD/CS are lacking, conditions associated with CHF seem to affect around
1:10-20,000 subjects, whereas CD/CS is even rarer, affecting around 1:1000,000
subjects. The natural history of this disease is variable, as the severity of clinical
manifestations depends not only on portal hypertension, but also on the renal func-
tion impairment, given the close association CHF with ARPKD. Clinical onset is
highly variable, ranging from childhood to the sixth decade, though diagnosis is
mainly performed in adolescence or young adulthood. However, since clinical man-
ifestations are nonspecific, diagnosis can be challenging and deferred until the
appearance of complications. Most patients are asymptomatic, while some can
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complain of mild right upper abdominal quadrant pain, eventually accompanied by
hepatosplenomegaly or nephromegaly if associated to polycystic renal disease [66].
At the biochemical level, liver function is usually preserved as it does in most chol-
angiopathies. Mild elevation of liver enzymes can be observed, but marked cho-
lestasis occurring in cholangitic forms are rare. Moreover, renal function must be
evaluated regardless of the presence of renal disease. CHF can be classified in dif-
ferent clinical types based on the predominance of portal hypertension, more fre-
quent, and/or cholestasis, usually associated to CS and a late-onset phenotype.

In CD, DPM involvement extends beyond the small interlobular bile ducts to
affect the larger intrahepatic bile ducts or even the segmental portions of a single
lobe, usually the left one, or more rarely, the whole biliary tree as a bilobar disease
(Fig. 2.2). This results in a bile-duct ectasia that can be recognized by imaging stud-
ies to support early detection. CD is sporadic and less common than CS, which is
inherited as autosomal-recessive disease, and as CHF, is frequently associated with
kidney polycystic disease. In CD, clinical course is usually oligosymptomatic or
asymptomatic for all lifelong. As CHF, onset occurs in childhood or teen, but it can
be diagnosed many years later as well, in the fifth decade. Symptoms are mostly
related to complications, such as acute bacterial cholangitis or intrahepatic biliary
stones, keeping the attention on the fact that recurrent cholangitic episode can
evolve to secondary biliary cirrhosis [37, 67]. In younger ages, before 40, symptoms

Fig. 2.2 (a—c) Caroli’s disease. F, 70 years. Axial, coronal T2-weighted MRI (a, b), and MRCP
(¢) showing cirrhotic liver with multifocal dilatations of segmental intrahepatic bile ducts
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are more likely related to portal hypertension due to concomitant CHF in the con-
text of CS.

Associated diseases and syndromes. FLD often occurs with a spectrum of both
inherited and noninherited disorders, mainly associated to renal disease, collec-
tively grouped as hepatorenal fibrocystic diseases (HRFCD). HRFCD shows some
peculiar features but with a variable overlap in causative genes and clinical features.
Extrahepatic manifestations include cystic dysplastic kidney degeneration, pancre-
atic cysts, polydactyly, mid and hindbrain abnormalities, retinal degeneration, and
iris or retinal colobomas. Among them, ARPKD is the most frequently associated
disease as well as the most common ciliopathy in childhood with a prevalence of
1:20,000 live births [68—70]. Genetic defect is mainly related to mutations in
PDKHDI1 gene. ARPKD is characterized by nonobstructive fusiform dilations of
the renal-collecting ducts with progressive renal insufficiency. In about 40% of
patients, liver and renal disease coexists, but it is still unclear if severity of both
diseases correlates [71]. Prognosis is poor with about 30% of affected infants dying
during the neonatal period for pulmonary complications. Nevertheless, in the last
decade, thanks to the constant improvements in neonatal respiratory support and in
renal replacement therapy, the 10-year survival has risen up to 80% of patients with
a time shift of CHF/CS-related complication occurrence in adolescence and adult-
hood [72].

Diagnosis. Color-doppler ultrasound (US) is the first step of the radiological
diagnostic workup of both primary liver and kidney disease and their related com-
plications. Typical US findings in FLDs are outlined in Table 2.6. Second-line imag-
ing studies as contrast-enhanced CT scan and MRI coupled with MR
cholangiopancreatography (MRCP) allow a better visualization of the vasculature
and biliary tree, as shown in Fig. 2.2, as well as provide a better staging of fibrosis.
At imaging, a pathognomonic sign of CD is the “central dot sign,” consisting of a
small enhancing focus containing a dilated intrahepatic duct with a cystic configura-
tion observed at contrast-enhanced CT and MR. At the histological level, it is related
to dense fibrovascular bundles embedding the portal vein and hepatic artery
branches, localized around abnormally dilated intrahepatic bile ducts [73].
Moreover, the initial approach must also include a brain CT scan or MRI to rule out
cerebral malformations that could be associated to HRFCD (e.g., Joubert or COACH
syndromes) [74, 75]. Recent observations derived from some case reports suggest
that radiology can be helpful also in the antenatal diagnosis of CD by means of 3D
ultrasound and MRI that show the congenital saccular dilations of fetal liver [76].
During follow-up, ultrasound with acoustic radiation force impulse elastography

Table 2.6 Typical US findings in FPLDs

Increased or heterogeneous liver echogenicity with hyperechoic portal triad and periportal
thickening

Hypertrophy of left lateral and caudate segment (and atrophic right lobe in cases with
advanced fibrosis)

Splenomegaly (if portal hypertension)
Dilated intrahepatic bile ducts (eventually hosting stones in CD)




32 A. Lasagnietal.

may provide a noninvasive tool to stage fibrosis and portal hypertension in chil-
dren [77].

Although radiological findings have diagnostic value in most patients, liver
biopsy can be of help in uncertain cases. Histology may have a role, especially in
adults with portal hypertension and chronic liver disease of unknown origin since
childhood [78]. Typical histological findings are thick portal/peribiliary fibrosis
embedding dysgenetic bile ducts eventually evolving to cystic dilations when CD
coexists. In CHF, peribiliary fibrosis progresses to porto-portal rather than porto-
central bridging as seen in cirrhosis of more common etiologies. Another histologi-
cal lesion strongly suggesting DPM is the persistence of CD56* ductal plate
remnants, together with an increase in hepatic artery branches and hypoplasia or
abnormal branching of the portal vein, leading to a picture originally described as
“pollard willow” pattern. Of note, these distinctive features are well phenocopied by
experimental models, as shown in the PKHD-defective mouse.

Complications. The main determinants of clinical progression of CHF and CD/
CS are portal hypertension with the related manifestations, recurrent acute cholan-
gitis, and intrahepatic cholangiocarcinoma (iCCA). Of note, all of them can lead to
liver transplant since childhood. Moreover, it is crucial to monitor renal function
and the progression of renal disease, which affect liver prognosis and response to
treatments.

Portal hypertension is the most frequent complication, and it usually occurs as
variceal bleeding, often the first manifestation of CHF at any age, or as spleno-
megaly with thrombocytopenia. Ascites is uncommon in these patients, whereas
portal vein thrombosis can be reported. The management of portal hypertension
does not differ from that of other etiologies according to the standard guidelines [79].

Acute cholangitis is more typical of CD, but it is a life-threatening complication,
also in CHEF, for the high risk of sepsis. It is generally caused by bacterial infections
sustained by Gram~ Enterobacteria (E. coli, K. Pneumoniae, Enterobacter spp.)
[80] and must be suspected in case of fever that could be the only sign of disease in
these patients.

iCCA is the most feared complication not only for CD/CS, but also for CHF,
whose pathogenesis is related to progressive fibrosis developing in close vicinity of
dysgenetic biliary structures as observed in other inflammatory cholangiopathies,
particularly in primary sclerosing cholangitis (PSC) [81]. In CD/CS, it is often inci-
dentally diagnosed at the time of liver surgery. Incidence ranges from 2.5 to 16%
with a median age at diagnosis of 58.8 years [82]. Despite remarkable improve-
ments in the radiological approach, no surveillance guidelines for CCA have been
generated so far in these patients.

Treatment. Clinical management in FLDs is challenging, and well-established
guidelines are lacking. Thus, a multidisciplinary approach involving hepatologist,
nephrologist, radiologist, endoscopist, and surgeon is even more eagerly needed.
Liver and renal diseases, when coexisting, progress at different rates and may vari-
ably affect the outcome of ongoing treatments. No effective strategies to reverse,
stop or dampen disease progression are available in CHF/CS/CD, which can be thus
considered as “orphan” diseases. New therapeutic strategies, summarized in
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Table 2.5, still are under development at initial step. Therefore, current therapy aims
at treating complications, in particular, those related to portal hypertension.

Endoscopic treatment, particularly bind ligation, is the current standard of care
in esophagus varices, whereas unselective f-blockers are hitherto not recommended
due to the lack of specific studies in the CHF/CS pediatric population [83]. In recur-
rent variceal bleeding, a portal decompressive shunt can be considered in highly
specialized hepatological surgical centers, though unusually performed in children.
Small series showed it was effective when performed in patients with preserved
hepatic synthesis [84]. On the contrary, shunts in ARPKD/CHF should be consid-
ered with caution in patients with end-stage kidney disease for the reported higher
risk of terminal encephalopathy and the increased surgical complexity when pros-
pecting future kidney transplantation [71, 84]. In the long-term, transjugular intra-
hepatic portosystemic shunt (TIPS) can be a reasonable alternative to surgical shunt,
given its feasibility in children. Results from small series are encouraging, as they
show regression of portal hypertension (ascites, esophageal varices) and reduction
in spleen size, with an increase in the platelet count. Of note, TIPS might delay the
time of transplantation, notwithstanding the close monitoring of complications [85].

Intrahepatic lithiasis is a common complication of CS/CD, often associated with
bacterial infections responsible for recurrent cholangitis, liver abscess, and sepsis.
In case of high suspicion, antibiotic treatment should be started without hesitation
because of the risk of quick deterioration, which is further increased in patients with
ARPKD or under immunosuppressive therapy following renal transplantation. In
transplanted patients, a 6—12-week antibiotic prophylaxis is recommended immedi-
ately after transplant, and anytime in case of enhanced immunosuppression [86].
Ursodeoxycholic acid showed only limited efficacy in reducing the risk of cholan-
gitis or in treating hepatolithiasis [87].

As aforementioned, these patients present a 100-fold increased risk of iCCA than
the general population with prevalence in CD/CS as high as 7% [88, 89].
Unfortunately, no surveillance programs have been developed yet, thus, the early
detection of iCCA is difficult [90]. In general, in iCCA, surgical resection still rep-
resents the unique curative possibility, though only less than one-third of patients
are eligible at diagnosis and 5-year survival is poor, ranging from 22 to 44% [89].
Furthermore, liver transplantation is associated with rapid tumor recurrence and low
survival (10-25%), and it is not considered in the treatment algorithm of iCCA [91].
Whether genetic alterations amenable of personalized targeted interventions might
identify distinctive subgroups of iCCA arising in CHF/CD/CS is yet an unex-
plored topic.

Liver resection of hepatic segments affected by sac-like intrahepatic bile duct
dilation showed excellent long-term results in selected patients with symptomatic
monolobar disease without underlying chronic liver disease [92]. The largest surgi-
cal series—111 patients, 90% of them with left lobe involvement—reported no peri-
surgical mortality and good control of complications by 25 months of median
follow-up. To maximize the beneficial effects of resection, a thorough preliminary
evaluation of the real extension of liver disease is mandatory, since incomplete
resection is associated with poor outcome [93]. Surgical treatment should be
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planned as early as possible due to the dual risk of CCA and infections (as mutually
interacting factors) that increase over time [94]. In the last few years, endoscopic,
radiological, and laparoscopic approaches have been improved to perform abscess
drainage and stone clearance in easier and less invasive ways.

Liver transplantation (LT) remains the only curative option in CHF/CS, with
strict indications limited to patients with bilobar involvement, complicated by recur-
rent cholangitis or portal hypertension [94-96]. In the largest published series, col-
lected from the European Transplant Liver Registry and the United Network of
Organ Sharing data, similar survival rates were reported, being 89%, 86%, 76% and
88.5%, 81%, and 78% at 1, 5, and 10 years, respectively. Poor outcome was related
to older age and to superinfections at the time of transplant [97]. These studies
reported a 10% of perioperative mortality, mainly caused by severe infections fur-
ther facilitated by the immunosuppressive therapy. Therefore, it is recommended to
avoid preoperative invasive biliary procedures that can enhance the risk of infec-
tions, and to undergo prolonged antibiotic prophylaxis before and after LT.

Another transplant issue is the indication to the double liver-kidney transplanta-
tion, including its timing. In fact, it must be underlined that patients with HRFCD
usually present a more severe involvement in one organ, and both diseases progress
at independent rate without any genotype-phenotype association [66]. Indeed, only
a small subset of these patients seems to require double transplantation, either
sequentially or in combination. In a large series of 716 HRFCD patients receiving a
liver (LT) and/or kidney transplant (KT) between 1990 and 2010, most received KT
(86%), while only small numbers LT (10%) or both (6%), in accordance with the
concept that the functional impairment more frequently affects the kidney. Moreover,
only few patients needed a second transplant of the other organ (7% of LT and 5%
of KT recipients). However, mortality rate was higher after LT (23%) than KT
(10%) or double transplant (12%) [98]. In the posttransplant setting, it is of utmost
importance to preserve the function of the nontransplanted organ still left in place.
Therefore, after LT, calcineurin inhibitors must be kept at the lowest effective dose
to protect the kidney [99]. On the other side, after KT, chronic immunosuppression
may favor the development of cholangitis, thus supporting indication to combined
KT+LT in patients with end-stage renal failure with history of cholangitis or with
marked abnormalities of the biliary tree. Furthermore, simultaneous transplant pro-
vides the kidney with an immunological advantage that improves outcome and graft
survival in both adults and children [100, 101]. There are a number of key questions
needing consideration by future studies. Since we are dealing with a rare and clini-
cally heterogeneous disease, we must bear in mind that data on LT-generated so far
have been obtained in patients transplanted for complications related to portal
hypertension or recurrent cholangitis rather than for end-stage liver disease due to
the low MELD/PELD typically scored by these patients. Thus, criteria supporting
indications to LT/LT+KT lack standardized protocols, making these studies difficult
to be analyzed. Moreover, there is no consensus yet if asymptomatic patients with
diffuse bilobar disease can be considered a good indication for prophylactic
LT. Similarly, a candidacy with prophylactic intent must be also considered in view
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of the risk of CCA development, as hotly debated for PSC [102], since LT indication
becomes much weaker when iCCA develops [94].

24  Choledochal or Bile Duct Cysts

Choledochal cysts (CC) are congenital alterations resulting from DPM involving
the largest intra or extrahepatic bile ducts. The most quoted classification is the
Todani’s system, outlined in Table 2.7 that describes site, extent, and shape of bili-
ary tree [103, 104]. Different revisions of this classification have been proposed,
suggesting to separate cystic and fusiform variants (type I CCs) and to remove CD
(type V) [105].

It is a rare disease with prevalence 1:13-20,000 live birth, higher in Asia, espe-
cially in Japan (1:1000 live birth, 33-50% of cases) [106, 107]. There is a slight
female predominance F:M=3:1 [108] and the prevalence is increasing in the last
decades due to improving and spreading of noninvasive imaging [104]. Diagnosis
usually occurs during childhood, in a quarter of cases within 1st year and only in
20% in adulthood. Clinical features, such as presentation and malignancy risk,
could present differences between Eastern (Asiatic) and Western populations.
Particularly, Eastern population is more often symptomatic at diagnosis and seems
to present higher malignancy rate [109]. Moreover, management is still driven by
Asiatic literature, where prevalence is higher. Thus, multiinstitutional studies in the
Western countries with decades of follow-up are needed to better understand the
natural history of CC disease, and in particular, the risk of biliary tract cancer [109].

The main pathogenetic hypothesis is based on a defective biliopancreatic junc-
tion—present in 96—-100% of children affected—where pancreatic and bile ducts
join upstream to the Oddi sphincter. Thus, pancreatic enzymes can reflux into bili-
ary tree, leading to increases in intraductal pressure, inflammation, and ultimately to
secondary ductal dilation [110]. A different theory focuses on functional or ana-
tomic obstruction of the distal part of extrahepatic biliary tree due to inadequate
autonomic innervation that results in dysmotility, worsening duct lumen dilation as

Table 2.7 Todani’s classification of CCs

Site of dilation

Type I* Common bile duct (subtypes: cystic, segmental and
fusiform)

Type II° Supraduodenal area

Type III (choledochocele) Within duodenal wall

Type IVa Multiple dilations of intrahepatic and extrahepatic bile
ducts

Type IVb Multiple and segmental dilations of extrahepatic bile
ducts

Type V* (Caroli’s disease) Largest intrahepatic biliary tree

“The most frequent (70-90%)
PRare (<2%)
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in achalasia or Hirschprung’s diseases [111]. As previously discussed, DPM in CD
is limited to the largest intrahepatic bile ducts.

CCs course asymptomatic for years, thus diagnosis arrives incidentally after
imaging performed for a different purpose. Nevertheless, around 80% of patients
show suspicious symptoms, usually belonging to the classic triad of jaundice, right
upper quadrant abdominal pain, and palpable abdominal mass, before 10 years old.
Adults usually present abdominal pain, pancreatitis, or history of cholecystectomy
for biliary stones [112].

Diagnosis. Gold standard is MRI coupled with MRCP. This imaging ensures
assessment of cyst anatomy, extension, and definition of the intrahepatic involve-
ment. Moreover, it is very accurate in detecting anomalies at biliopancreatic junc-
tion without risk of complications of invasive imaging. ERCP and transhepatic
cholangiography remain as second-level test in case of failure of noninvasive imag-
ing or for those alterations that could need a concomitant endoscopic treatment (i.e.,
hepatolithiasis, ductal stricture, carcinoma) [113, 114]. Recently, endoscopic ultra-
sonography (EUS) showed a promising potential in differentiating choledochal
from pancreatic cysts, especially in patients with type II choledochal cysts. When
radiological imaging is equivocal, EUS is able to better define anatomical borders
of adjacent structures with also the possibility of EUS-guided fluid aspiration [115].

Complications. Symptoms are often due to complications. Besides infections,
CCs could complicate with obstructive frame, ab extrinsico compression, rupture or
malignant evolution.

Acute cholangitis and pancreatitis are triggered by bile stasis and secondary-
stone formation, followed by chronic inflammation, ductal strictures, and cyst dila-
tion [106]. Additionally, chronic inflammation and bile lithiasis in the distal portion
of common bile duct and pancreatic duct lead to obstructive protein-plug formation
[116]. Recurrent cholangitis and chronic biliary obstruction evolve to secondary
biliary cirrhosis in 40-50% of patients, especially when intrahepatic involvement is
present [117]. Mechanical compression exerted by CCs on portal vein can bring to
portal hypertension even without cirrhosis; moreover, gastric outlet can be affected
and compression of type III lesions might favor wall intussusception [118]. Another
acute dreadful complication is cyst rupture with acute abdomen due to biliary peri-
tonitis. It occurs spontaneously, mostly in young infants, thus, it may be the first
manifestation of the disease in 1-12% of patients. Ductal fragility, secondary to
chronic inflammation, enables rupture that is precipitated by conditions that increase
ductal pressure (i.e., pregnancy, ascites). Most often, rupture happens at level of
confluence between common bile and cystic duct [119]. A case series identified
GGT levels—higher than 615 U/L—as independently predictive of forthcoming
perforation [120]. Diagnosis is intraoperative with the detection of bile-stained asci-
tes. Ultrasound often shows a misleading normal biliary tree for cyst decompression
secondary to rupture.

Chronic inflammation leads to higher risk of hepatobiliopancreatic tumoral trans-
formation. CCA is the most frequent, with a 20-30-fold higher risk than normal
population [121]. Nevertheless, hepatocarcinoma and pancreatic malignancy have
been also reported. According to a metaanalysis accounting articles from both
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Western and Eastern center, world incidence of CCA in these patients is around 11%
[122]. Instead, in a large Japanese multicentric series incidence of CCA was 17.5%
compared to 0.01-0.39% reported in autoptic series in normal population [108]. The
risk is age-related, but it starts since childhood, reaching 14.3% after 20 years old
[123]. Thus, diagnosis is often two decades earlier with a median age of 32 years old.
Tumorigenesis may spread beyond the cystic area, so CCA may arise in either nor-
mal tissue, highlighting the role of extracellular milieu [103, 122, and 124]. Although
all CCs may develop CCA, Type I and IVA cyst showed a stronger association. Cyst
drainage procedure is also a risk factor for malignancy; indeed, a report pinpointed
that around 18.6% patients developed CCA after such intervention with a latency of
10 years [125]. Thus, elective cyst excision in asymptomatic patients is to take into
account in previously treated with cyst enterostomy [113]. The short postoperative
follow-up in the available literature makes difficult to extrapolate life-time risk of
malignancy. Also for this reason, it has been inconclusive the attempt to identify a
group of risk factors. Hence, surveillance continues to be nonselective and annual
controls of CA19-9, abdominal ultrasound, and eventual invasive investigations
should be planned in all treated children and adolescents [105].

Treatment. Definitive treatment in CCs is cyst surgical excision. This procedure
showed better outcome and less morbidity than classical drainage procedures,
choledochus-cysto-duodenostomy, or choledochus-cysto-jejunostomy. Besides, a
complete resection avoids also the risk of malignant degeneration, a central point in
a considerable pediatric population with a long-life expectancy.

Symptoms are a strong indication for surgery at any age. In asymptomatic
patients, it is recommended to perform a surgery with reconstruction from the age
of 6 months, though there is some evidence suggesting anticipating as early as the
first month of life [126]. Laparoscopic cyst excision with reconstruction has been
performed in children as young as 3 months and as small as 6 kg [127]. Intervention
is elective and patient should be medically optimized priorly. Specific approach
depends on cyst type, but common target is to remove the entire cyst and to restore
the enteric biliary drainage either into duodenum or via Roux-en-Y hepaticojeju-
nostomy (RYHJ) [128]. RYHJ seems to be affected by bile reflux in a fewer number
of cases than hepaticoduodenostomy. Surgery can be either open or laparoscopic,
depending on patient features and center experience. Laparoscopy presents longer
intraoperative time, but shorter hospital admission and outcome are comparable
[129]. Evidences are increasing on robot-assisted resection with RYHJ. This
appeared to be a safe and feasible option with short-term results that are comparable
to laparoscopic surgery. Advantages include better intracorporeal suturing and pro-
vision of a good 3D visual field [130].

In type I and I'Vb cysts, management is resection of extrahepatic biliary tree with
cholecystectomy and hepaticoenterostomy [131]. Type II cysts require diverticulec-
tomy or simple cyst excision. In type III cysts, the choice is endoscopic sphincter-
otomy without excision of the cyst. Whether or not possible, lateral duodenotomy
with sphincteroplasty and marsupialization of the cavity may be performed. Various
papers report good symptom control through endoscopic management, even if long-
term follow-up is still lacking [132]. Type IVa cysts need a more complex treatment
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due to intrahepatic and extrahepatic involvement. Preoperative extension of disease
has to be precisely assessed differentiating real intrahepatic cysts from secondary
upstream ductal dilation. In adults, percutaneous biliary drainage is suggested to
decompress intrahepatic biliary ductal tree before surgery. Intrahepatic disease
needs hepatectomy to prevent carcinogenesis. If staging imaging is not conclusive,
a strict follow-up of intrahepatic ducts is recommended. Indeed, in some cases,
intrahepatic dilation resolved 3-6 months after adequate drainage [104, 125,
and 131].

Early postsurgical complications include anastomotic leak, bleeding, wound
infection, acute pancreatitis, and pancreatic or biliary fistula [133]. Subsequently,
benign anastomotic strictures can occur in 10-25% of patients, with restarting of
biliary stasis, chronic inflammation, and related complications [101, 102, 134, 135].
Finally, screening for biliary carcinoma, especially CCA, is a cornerstone of long-
term follow-up because even after CC excision, the risk remains more elevated than
general population with a rate up to 14%, and it is the most frequent case of late
mortality in pediatric series [112, 125, 136].

2.5 Conclusions

The rising interest recently drawn to FPLDs has pointed out the considerable trans-
lational significance of genetic cholangiopathies, further supported by the large
availability of animal and cellular models that phenocopy the disease [2]. By deci-
phering the multiple dysfunctions derived from single ciliary protein defects in
cholangiocytes, new insights into the pathophysiology may pave the way to innova-
tive therapies, a concept that is even more important in these rare diseases, given
their “orphan” condition. Furthermore, basic pathologic mechanisms uncovered in
genetic cholangiopathies might be applicable to understanding of acquired cholan-
giopathies and, more broadly, of chronic liver diseases. Although future directions
addressed by the most recent translational observations are promising, there are a
number of clinical issues deserving consideration by the next studies. LT represents
a valuable therapeutic option, especially in view of the search for “alternative indi-
cations to LT” in the near future, but the limited data collected so far indicate that
these patients have low priority due to indications generally related to recurrent
complications rather than to end-stage cirrhosis, thus with lower MELD/PELD
scores than the other candidates do have. These patients might benefit from living-
donor LT with consequently shorter waiting times and a lower risk of life-threatening
complications [94, 95, 104]. New studies on surgical series are claimed to standard-
ize LT protocols and to better investigate feasibility and ethical issues about living-
donor procedures. Finally, the increased risk of developing CCA is currently one of
the major gaps in knowledge, especially in children, where cancer is the most fre-
quent cause of late mortality [109]. Unfortunately, no standard protocols of surveil-
lance have been produced, and therefore, research studies are strongly recommended
to clarify the real CCA incidence, long-term follow-up, and additional risk factors
with related predictive biomarkers.
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3.1 Introduction

Biliary amartomas, also called von Meyenburg complexes (VMCs), were firstly
described by von Meyenburg in 1918 as “isolated groups of complex intrahepatic
bile ducts in patients with cystic livers” [1]. Subsequently, several synonyms
described this condition, including congenital hyperplasia of the interlobular ducts,
multiple bile duct hamartomas, adenomata, and fibroadenomata [2]. The incidence
is low, with a reported range from 0.35% in liver biopsy specimens [3] to 5.6% on
autopsy series [4].

3.2 Embryogenesis

The biliary tree originates from the ductal plate, a transient structure, which begins
to form in the first 7 days of the embryologic life and is formed by a layer of epithe-
lial cells that surround each portal vein branch forming a cylindrical sleeve. The
cells of ductal plate originate from progenitor cells that can differentiate to hepato-
cytes or cholangiocytes [5]. The extrahepatic biliary tract originates from a portion
of ventral endoderm that is positioned immediately rostral to the ventral pancreatic
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bud, while cholangiocytes that line the intrahepatic bile ducts arise from hepato-
blasts [6]. VMCs derive from a malformation of the ductal plate. This hypothesis is
supported by the fact that VMCs are frequently associated with various defects of
ductal plate formation, including Caroli disease, polycystic liver disease, and con-
genital hepatic fibrosis. These conditions may involve both the intra and extrahe-
patic bile ducts and may exist as individual conditions or in combination, which
suggest their common origin [7].

3.3 Clinical Characteristics

VMCs are generally benign and asymptomatic. They are generally observed as an
incidental finding on imaging exams performed for other reasons.

Histologically, VMCs present as multiple, small, greyish nodules, usually
between 1 and 15 mm in size, unless they can reach up to 3 cm [8]. Microscopically,
VMCs appear as groups of rounded biliary channels, lined by cuboid epithelium
and often containing bile-stained granular material. VMCs do not communicate
with the biliary tree, which looks normal [3].

Sporadic reports in the literature suggest that VMCs may transform into cholan-
giocarcinoma, similarly to other defects of plate duct malformation (i.e., Caroli dis-
ease and congenital hepatic fibrosis) [9-11]. In two cases of progression to
cholangiocarcinoma, it has been observed that histologic progression was accompa-
nied by sequential genetic alterations, that is, an allelic imbalance characterized by
loss of heterozygosity [12].

3.4 Imaging

They usually present as cystic lesions with sharp margins and round or irregular
shape, scattered throughout the liver parenchyma (mostly in the subcapsular region),
usually between 1 and 15 mm in size. They do not increase in size over time.

At ultrasound (US) examination, VMCs are anechoic or hyperechoic: smaller
lesions tend to be hyperechoic and produce “comet tail artefact,” while larger lesions
appear anechoic like cysts (Fig. 3.1). Parenchymal echotexture may appear hetero-
geneous due to the small, scattered lesions [13].

On computed tomography (CT), biliary hamartomas appear as hypoattenuating
lesions with irregular or oval shapes that do not enhance after contrast medium
administration (Fig. 3.2). Compressed liver parenchyma or inflammatory cell infil-
tration can produce a thin homogenous rim of enhancement around some lesions in
portal and delayed phases [14].

The recommended diagnostic imaging modality to study VMCs is magnetic res-
onance with cholangiopancreatography (MRCP). They appear as well-delineated,
round or irregularly shaped lesions, hypointense on T1-weighted and hyperintense
on T2-weighted images [15]. With heavily T2-weighted images, such as MRCP, the
signal intensity of these lesions increases, approaching the signal intensity of
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Fig. 3.1 US examination of the liver demonstrating many well-defined anechoic cystic lesions
(arrowheads) along with innumerable hyperechoic lesions of 1-2 mm

Fig.3.2 The same patient of Fig. 3.1 underwent CT for further evaluation. (a) Transverse CT scan
shows multiple hypoattenuating lesions in the liver. (b) Transverse CT scan acquired after contrast
media administration in portal phase demonstrating no enhancement of the lesions and allowing
for a better evaluation of their size, ranging from 2—4 up to 15 mm

cerebrospinal fluid. MRCP demonstrates normal intra and extrahepatic bile ducts
and no connection between the hamartomas and the biliary tree. It can also depict
the pathognomonic “starry-sky” appearance: small innumerable hyperintense
lesions (biliary hamartomas) scattered throughout the hypointense hepatic paren-
chyma, resembling bright stars scattered throughout a dark sky (Fig. 3.3). On
diffusion-weighted images (DWI), VMCs mimic the signal intensity of cystic
lesions with free diffusion pattern. On T1-weighted images obtained after injection
of gadoxetic acid, there will be no enhancement or thin, smooth-rim enhancement
persistent in portal and delayed phase; the images acquired in hepatobiliary phase
will confirm no connection with the biliary tree (Fig. 3.4) [16]. A small mural nod-
ule of 1-2 mm can be observed in larger hamartomas; it has intermediate signal
intensity on T1-weighted and T2-weighted images and enhances after contrast
media administration [17].
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Fig. 3.3 To confirm the suspect of VMCs, the same patient of Figs. 3.1 and 3.2 underwent
MRCEP. (a) Coronal T2-weighted image and (b) coronal thick-slab MR cholangiogram show innu-
merable hyperintense lesions in the liver, not communicating with the normal intra and extrahe-
patic biliary system (the patient underwent cholecystectomy), and the pathognomonic appearance
of “starry sky”

Fig. 3.4 To confirm the suspect of VMCs, the same patient of Figs. 3.1 and 3.2 underwent
MRCP. T1-weighted images before (a) and after injection of gadoxetic acid in arterial phase (b),
portal phase, (¢) and hepatobiliary phase (d). The lesions appear hypointense in all images, includ-
ing hepatobiliary phase, confirming the absence of communication with the biliary tree
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3.5 Differential Diagnosis

Differential diagnosis includes a wide range of pathologies with cystic appearance:
malignancies, benign cystic lesions, abscesses.

The main condition to be excluded concerns multiple small liver metastases,
especially when staging patient with a known extrahepatic malignancy. The correct
diagnosis may be challenging on US and usually requires CT and/or MR. Metastases
tend to be more heterogeneous in size (including lesions larger than 15 mm), in
distribution, and in attenuation (CT) or signal intensity (MR). They are usually less
hyperintense on T2-weighted images, such as MRCP, and show restriction of diffu-
sion on DWI. Metastatic lesions tend to have ill-defined margins and a certain
amount of enhancement after contrast media administration. When a rim enhance-
ment is visible, it’s usually larger and more heterogeneous than what can be seen in
VMCs. If metastases are not possible to be ruled out with enough confidence, short-
term follow-up should settle any uncertainty since VMCs do not increase in size
over time [18].

Hepatic lymphomas are more heterogeneous in size and in attenuation/signal
intensity than biliary hamartomas, but are less frequent than metastases.

Diffuse primary hepatocellular carcinoma typically occurs in cirrhotic patients
and rarely present as cystic lesions.

Simple hepatic cysts are usually round-shaped and can be extremely variable in
size, number, and distribution. However, they can coexist with VMCs, and the dif-
ferential diagnosis can be based on the size criteria.

Peribiliary cysts are small cystic dilatations of peribiliary glands located in the
hepatic hilum and along the proximal portal tract that can increase in size and num-
ber. They do not communicate with the biliary tree and do not enhance, similar to
VMC:s. They are usually associated with chronic liver disease, cirrhosis, autosomal-
dominant polycystic kidney disease (ADPKD), and portal hypertension [19].

Autosomal-dominant polycystic disease of the liver produces cysts that are usu-
ally larger and more numerous with only small areas of liver parenchyma inter-
sperse between the cysts. The liver is often enlarged [20].

Clinical history of immunosuppression, recent fever, infection, or gastric pain
helps differentiate microabscesses of the liver from VMCs. CT can be helpful if the
abscesses appear loculated. Larger lesions on US can have a “target” appearance
(i.e., hyperechoic rim between a hypoechoic center and a hypoechoic outer rim). On
MR, microabscesses usually have restricted diffusion and perilesional edema visi-
ble as hyperintensity halo on T2-weighted images [21].

At US, VMCs may appear as multiple hyperechoic spots with comet-tail artifacts
that can be misinterpreted for pneumobilia or intrahepatic stones. Pneumobilia is
usually seen as linear branches or spots of gas attenuation on CT (very dark) and of
gas signal intensity on MR (hypointense on T1-weighted and T2-weighted images).
Intrahepatic stones are usually hyperintense on T1-weighted images and hypoin-
tense on T2-weighted MR images [22].

Biliary hamartomas can coexist with other fibropolycystic liver disease, such as
Caroli disease.
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ALGS Alagille syndrome
LT Liver transplantation

4.1 Introduction

Alagille syndrome (ALGS) is a rare, autosomal dominant disorder caused by defects
in genes (JAGI or NOTCH?2) involved in the Notch signaling pathway, and charac-
terized by multisystem anomalies resulting from the abnormal development of
intrahepatic bile ducts, heart, kidneys, bones, eyes, and vessels [1].

The disorder was firstly described in 1969 by the French hepatologist Daniel
Alagille who reported a small number of patients with paucity of the interlobular
bile ducts and concomitant extra-hepatic features (heart murmur, peculiar facies,
embryotoxon, and butterfly vertebrae) [2]. Soon after (1973), the association
between neonatal liver disease and congenital heart malformations was
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independently described by Watson and Miller [3]. Along the years, different termi-
nologies were employed to identify the disease, including “intrahepatic biliary atre-
sia,” “syndromic bile duct paucity,” “arteriohepatic dysplasia,” and “Alagille-Watson
syndrome.” The term “Alagille syndrome” (ORPHA: 52) was ultimately assigned as
the official nomenclature to provide a tribute to the observations of Daniel Alagille
and to appreciate the multisystem nature of the disorder reducing emphasis on
hepatic and cardiac manifestations [4].

The following sections will comprehensively review the epidemiology, genetic
basis, pathogenesis, clinical manifestations, diagnostic modalities, and manage-

ment strategies of ALGS.

99 ¢

4.2 Epidemiology

ALGS is a rare disease with cases reported worldwide in multiple ethnic groups
[5-7]. Prior to the advent of genetic testing for ALGS, disease incidence was solely
established based on the presence of neonatal liver disease and reported at 1:70,000
live births [8]. Nowadays, molecular diagnostics has led to an estimate of
1:30,000-50,000 live births. Indeed, genetic tests allow for the identification of
those individuals (mainly relatives of known ALGS patients) that would escape
clinical diagnosis. Notwithstanding, the existence of individuals without an obvious
familial history and with isolated signs of ALGS (such as isolated heart disease or
facial features) suggests that ALGS frequency is still underestimated and supports
the utility of wider epidemiological and genetic studies in unselected subjects
[9, 10].

4.3 Pathogenesis

ALGS is an autosomal dominant disease caused by pathogenic variants in genes
involved in the Notch signaling pathway.

4.3.1 Notch Signaling Pathway and Bile Duct Development

Notch pathway is a highly evolutionarily conserved intercellular signaling mecha-
nism involved in cell fate determination and tissue differentiation processes during
development and postnatal life. To date, five canonical ligands (DLL1, DLL3,
DLL4, JAGGED-1, and JAGGED-2) and four NOTCH [1-4] receptors have been
attributed to the mammalian Notch pathway. Although there is some degree of func-
tional redundancy among Notch receptors and ligands, each component of the path-
way is endowed with a unique function, wherein the JAGGED-1/NOTCH?2 signaling
axis plays a major role in biliary specification and morphogenesis [11].

JAGGED-1 is a transmembrane protein composed by 1218 amino acids that
serves as a ligand for the four NOTCH receptors (NOTCH1-4). It is encoded by
JAGI, a 26 exon-containing gene located on chromosome 20p12.2. During
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embryonic development, the expression of JAG! is concentrated in pulmonary and
systemic arteries, mesocardium, metanephros, branchial arches, pancreas, liver
(portal mesenchymal cells, portal endothelial cells, biliary epithelial cells), and oto-
cyst [11, 12]. Postnatally, JAG! continues to be expressed in multiple tissues includ-
ing pancreas, heart, lung, kidney, liver, thymus, and leucocytes.

NOTCH2 is a transmembrane protein composed by 2471 amino acids which acts
as receptor for three membrane-bound ligands: JAGGED-1, JAGGED-2, and DLLI.
Itis encoded by NOTCH2, a 34 exon-containing gene located on chromosome 1p12.
During development, Notch2 signaling is mainly relevant for the development of
heart, liver, kidneys, and bones, while after birth it is mainly involved in immune
function, tissue repair, and bone remodeling.

Communication between JAGGED-1 and NOTCH?2 is accomplished through
the direct interaction of their extracellular domains. Once the receptor-ligand inter-
action has occurred, the NOTCH2 intracellular domain is cleaved from the inner
surface of the membrane and translocates into the nucleus, where it regulates the
transcription of different downstream target genes.

The exact mechanism whereby JAG/ and NOTCH?2 mutations lead to paucity of
intrahepatic bile ducts in ALGS is not fully elucidated. Substantial experimental
evidences, however, support that Notch signaling pathway is critical for the mor-
phogenesis and the maturation of the intrahepatic biliary system: (1) NOTCH2
drives the differentiation of bipotential hepatoblasts towards a biliary fate, enhances
biliary cell survival and promotes tubulogenesis [13]; (2) inactivation of
JAGGED-1 in the portal vein mesenchyme during liver development leads to bile
duct paucity [14]; (3) Notch signaling regulates the density of biliary tree branches
in a dosage-dependent manner [15]; (4) pharmacological inhibition of Notch signal-
ing in early postnatal life results in impaired elongation of the biliary tree [16].

4.3.2 Genetics

ALGS is caused by monoallelic mutations in either JAG/ (ALGS type 1; OMIM
#118450) or NOTCH?2 (ALGS type 2; OMIM #610205) that are transmitted via an
autosomal dominant mode of inheritance. Collectively, JAGI and NOTCH2 patho-
genic variants account for up to 96% of ALGS cases (JAG! 92-94%; NOTCH?2
2-4%) (see Sect. 4.5.3 for more details on mutations). As the vast majority of ALGS
patients (>85%) carry protein-truncating mutations or gene deletions, haploinsuffi-
ciency (i.e., loss of an allele resulting in insufficient protein levels to support Notch
signaling) is considered the main pathogenetic mechanism underlying ALGS. Few
studies, however, also support the possibility of a dominant negative effect of mutant
transcripts. Among these, Guan et al. reported that induced pluripotent stem cells
(iPSCs) containing heterozygous JAGI mutations have a reduced efficiency in
forming liver organoids in comparison to iPSCs with heterozygous JAG/ knockout,
thus suggesting that the presence of a mutated JAG1 protein is more deleterious than
the absence of one JAGI allele [17].

ALGS is characterized by a high penetrance (94%) and a significant phenotypi-
cal variability. Many studies have attempted, without success, to identify
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genotype-phenotype correlations able to predict disease prognosis [18]. Conversely,
an extremely variable clinical expressivity has been observed among subjects carry-
ing the same pathogenic variant, including monozygotic twins [1, 19-23]. Based on
these observations, many studies have investigated the potential role of modifier
genes in ALGS pathogenesis. Variants in genes encoding for Fringe proteins (LENG,
RFNG, and MENG), Thrombospondin2 (THBS2), and SOX9 have been recognized
as risk factors for the development of a more severe liver disease [11, 24, 25].
Further studies are needed to unravel the genetic bases of ALGS phenotypic vari-
ability, identify novel prognostic factors and recognize potential therapeutic targets.

4.4  Clinical Manifestations and Prognosis

As the Notch signaling pathway operates in many tissues and cell types at various
developmental stages, ALGS is characterized by multisystem structural and func-
tional anomalies resulting from the abnormal development of intrahepatic bile
ducts, heart, kidneys, craniofacial structures, eyes, bones, and vessels (Figs. 4.1
and 4.2). The clinical manifestations of the disease are extremely variable with

Face abnormalities

Posterior embryotoxon

Heart disease and pulmonary F23R¥Ea
vascular involvement

Bile duct paucity
and liver disease

Butterfly vertebrae

Kidney disease

Vascular abnormalities

Fig. 4.1 Schematic of organ involvement in ALGS with related prevalences
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Fig. 4.2 Representative clinical features of ALGS. (a) 15-year-old male showing the typical
ALGS facial appearance. (b) Slit-lamp examination showing posterior embryotoxon (arrow) con-
sisting of thickening and displacement of the Schwalbe line. (c¢) Liver biopsy of a 2-month-old
infant with bile duct paucity showing a portal tract with preserved artery (arrow) and portal vein
branch (asterisk) along with loss of native bile duct (hematoxylin-eosin, x200). (d) 7-month-old
infant with jaundice and pruritus due to cholestatic liver disease and with acrocyanosis due to
congenital heart disease. (e) Facial xanthomata. (f) Abdominal CT scan of a 2-year-old child show-
ing a 3 x 3 cm hepatocellular carcinoma of the right hepatic lobe (arrow). (g) Selective thoracic
aortography of a 8-month-old child affected by Tetralogy of Fallot (TOF) with pulmonary atresia
(asterisk) and a major aorta-pulmonary collateral artery (MAPCA; arrow) supplying retrogradely
a hypoplastic pulmonary circulation. RPA: right pulmonary artery, LPA: left pulmonary artery. (h)
Cardiac angio-MRI of an 18-year-old patient showing pulmonary artery arborization with proxi-
mal LPA stenosis and bilateral distal stenoses (arrows). RVOT: right ventricular outflow tract,
MPA main pulmonary artery, RPA right pulmonary artery, LPA left pulmonary artery. (i) Brain
MRI showing a severe stenosis of both internal carotid arteries (arrow). (j) Thorax X-ray of a
2-month-old girl showing a sagittal cleft of the thoracic vertebral bodies (i.e., “butterfly vertebrae”)
(arrow). (k) Pathologic fracture of the right humerus in a 13-year-old girl with severe osteodystro-
phy. (1) Chronic arthritis with swelling of both knees in a 13-year-old girl. (a-1) All images have
been obtained from ALGS patients cared at the Unit of Pediatric Gastroenterology and
Hepatology of the University Hospital of Padova. The patient represented in (a) gave informed
consent to the publication of his image (including face)

regard to both the organs involved and the severity of the accompanying organ
damage, thereby resulting in heterogeneous clinical phenotypes even in relatives
with identical mutations [1, 19-22]. Several phenotypical differences have also
been observed in relation to the molecular etiology of ALGS. These include: (1) a
minor prevalence of cardiac involvement (60% vs. 90%), vertebral anomalies (10%
vs. 64%), and facial features (10-20% vs. 90%) in subjects carrying NOTCH?2 vs.
JAGI pathogenic variants [26]; (2) the presence of additional phenotypic features
not usually associated with ALGS, such as developmental delay and hearing loss,
in patients carrying large deletions in chromosome 20p [27].
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The clinical presentation of ALGS was recently described in a systematic review
[1]. The age at presentation ranges from less than 16 weeks to up to 10 years of age
with the majority of patients being diagnosed within the first year of life. Common
presenting features include signs of cholestatic liver disease (e.g., jaundice, hepato-
megaly, pruritus), cardiovascular malformations, failure to thrive, xanthomas,
abnormal facies, and renal disease [1].

Few publications have examined ALGS prognosis in the long term. Among these
publications mortality ranges from 11% to 35% with a median age of death around
2 and 4 years of age (range 2 months - 31 years) [1, 28-30]. In patients with a severe
disease phenotype, death mainly results from vascular accidents, cardiac malforma-
tions or liver disease [1]. Non-cardiac vascular complications are the leading cause
of death accounting for up to the 34% of mortality [28, 31]. Heart disease is respon-
sible for nearly all early deaths [32]. Childhood mortality due to liver disease has
benefit from liver transplantation, which, however, carries a significant risks, includ-
ing surgical complications, nephropathy, and immune dysregulation [33]. Available
data support that ALGS can be a devastating, life-shortening disease of childhood
associated with multiple morbidities [1].

The typical patterns of organ involvement in ALGS are described below in sepa-
rated sections.

4.4.1 LiverDisease

Although it is now clear that many individuals with ALGS can have no clinical overt
hepatic disease, the liver is the most commonly and potentially most severely
affected organ in subjects carrying either JAG! or NOTCH2 mutations [20, 34].
When present, hepatic involvement may be highly heterogeneous in terms of initial
presentation and long-term prognosis ranging from mild liver test abnormalities to
end-stage liver disease requiring LT [35].

4.4.1.1 Presentation

The vast majority of patients with hepatic involvement (80-90%) presents in the
first 6—12 months of life with cholestatic liver disease, while the minority of patients
presenting later in life are usually referred to the hepatologist for a family history or
for extra-hepatic manifestations of ALGS [31, 36].

Symptomatic infants typically present with jaundice, hyperchromic urine, and
hepatomegaly (Fig. 4.2). Stool color is variable in relation to the degree of cho-
lestasis but acholic stools, mimicking biliary atresia, may be observed in a signifi-
cant proportion of patients [37]. Splenomegaly is not typically present during the
early course of disease, but may develop overtime as a consequence of progres-
sive hepatic fibrosis (35-70% of patients). Pruritus is more relevant than in other
cholestatic liver disorders and affects 60—90% of children with ALGS. It usually
becomes apparent after the first 3—6 months of life (Fig. 4.2), is disproportionately
more intense than expected from hyperbilirubinemia and can persist despite the
resolution of jaundice. Commonly affected areas include ears, trunk, and feet,
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although itching can be anywhere. Pruritus is often severe and may be debilitating
in up to 45% of the patients in whom it may cause skin lesions, sleep problems,
mood disturbances, and quality of life impairment [1, 35, 38, 39]. When blood
cholesterol levels exceed 500 mg/dL, xanthomas emerge on the skin as yellow
papules or plaques (30—40% of patients) [1]. They usually appear in the first
2 years of life and preferably locate on fingers, palms, knees, groin, and skin
creases (Fig. 4.2) [1]. Xanthomas are not painful but can interfere with fine motor
skills or vision (if on the eye lids) and may be disfiguring [1, 35]. They can regress
or disappear if the hypercholesterolemia improves or if the patient undergoes
LT. Persistent cholestasis can cause fat malabsorption with poor growth, fat-solu-
ble vitamin deficiencies (vitamin A, D, E, and K), and increased bone fracture risk
[1, 31, 35].

4.4.1.2 Prognosis

The natural history of liver disease in ALGS has a unique course. Children without
cholestasis are unlikely to develop a significant hepatic impairment later in life.
Conversely, infants with cholestasis generally suffer from a more severe course of
hepatic disease during their first 5 years of life. Thereafter, some children experi-
ence a clinical improvement that in few cases may lead to the resolution of jaundice
and pruritus, while others (40% by 20 years of age) suffer from the complications
of persistent cholestasis (i.e., pruritus, malnutrition, growth failure, bone fractures)
and/or develop clinically evident portal hypertension (i.e., ascites treated by diuret-
ics, esophageal/gastric varices, gastrointestinal bleeding, splenomegaly with throm-
bocytopenia). While older studies reported that 15-50% of individuals with ALGS
require LT [29-31, 40, 41], a recent longitudinal study showed that only a quarter of
children with cholestatic liver disease survive to early adulthood with their native
liver [35].

The possibility of a spontaneous liver improvement during childhood is well doc-
umented but it is not clear if this phenomenon is due to a true amelioration of hepatic
function or to a survival selection bias [42]. Anyway, at present there is no genotypic,
histologic, or radiologic marker able to prognosticate which cholestatic infant will
spontaneously improve or will eventually require LT along life. A retrospective
review of laboratory data from a small population of patients showed that high levels
of bilirubin (total >6.5 mg/dL, conjugated >4.5 mg/dL) and cholesterol (>520 mg/
dL) in children younger than 5 years of age are associated with severe liver disease
in later life [43]. A larger multicenter retrospective study (n = 144) showed that
patients who have total bilirubin >3.8 mg/dL between 12 and 24 months of life, fibro-
sis on liver biopsy before 5 years of age, and xanthomata on clinical examination are
more likely to have a “severe” liver disease outcome defined by death, listing for LT,
or significant morbidity [44]. Other than these prognostic factors, Kaye et al. reported
that children with ALGS who underwent Kasai portoenterostomy for misdiag-
nosed biliary atresia had a worse outcome, probably reflecting a severe hypoplasia of
the biliary tree or possibly resulting from an exacerbated liver disease after surgical
intervention [45-47].
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Hepatocellular carcinoma (HCC) has been reported in adults and children (as
young as 1.5 years of age) affected by ALGS with or without cirrhosis [48, 49].
Albeit the exact incidence of HCC in ALGS is unknown, tumor screening with
alpha-fetoprotein measurement and liver imaging should be warranted independently
from patient age and liver disease severity at least every 6—12 months [40, 48]. Other
hepatic focal lesions have been more rarely described in association to ALGS such as
focal nodular hyperplasia, regenerative nodules, and adenomas [50-52].

4.4.1.3 Liver Biochemical Profile

Findings related to cholestasis and biliary damage are the most relevant hepatic
laboratory abnormalities seen in ALGS. Serum bilirubin and bile salts can be
elevated 30 and 100 times normal, respectively. On average serum bilirubin is
higher during childhood (median of 6.9 mg/dL in the first year of age) and lower
in subjects >13 years surviving with native liver (median of 1.3 mg/dL). Serum
bile salts tend to remain elevated even if hyperbilirubinemia resolves. Cholesterol
levels are usually increased and may exceed 1000-2000 mg/dL. Markers of bile
duct damage are commonly increased especially during childhood. The median
level of GGT is higher in infants (median 612 U/L) and lower in patients >13 years
surviving with native liver (median 268 U/L). Serum aminotransferases are usu-
ally elevated from 3 to 10 times the normal value but tend to fluctuate overtime
[35]. Normal levels of liver enzymes have also been observed and should not
preclude the diagnosis of ALGS [36]. Markers of hepatic synthetic function are
typically normal at presentation but may deteriorate with the progression of liver
disease [40]. Similarly, platelet count is normal during infancy but progressively
declines <150,000 per mL over childhood for a cumulative incidence of 33% by
20 years of age [35].

4.4.1.4 Liver Histopathology

Bile duct paucity is the hallmark histological feature of ALGS reported in the vast
majority of cases (75-100%) [1]. Bile duct to portal space ratio normally ranges
between 0.9 and 1.8. Bile duct paucity is defined as an absence or a marked reduc-
tion of interlobular bile ducts within portal tracts when at least six portal tracts are
examined. As paucity typically progresses with age, the bile duct to portal space
ratio is considered pathologically reduced when <0.9 in neonates or young infants
and <0.5-0.75 in older subjects [40, 42]. Indeed, Emerick et al. showed that bile
duct paucity was present in the 60% of liver biopsies performed before 6 months
of age and in the 95% of those undertaken at later ages [31]. Furthermore, histo-
pathologic signs consistent with biliary obstruction, such as ductular proliferation
and giant cell hepatitis, have also been described in a small proportion of young
infants with ALGS and severe biliary tree hypoplasia. In these cases, when also the
interpretation of an intraoperative cholangiogram may be misleading, the differen-
tial diagnosis between ALGS and biliary atresia is challenging and early
JAGI/INOTCH?2 genetic testing should be considered prior to Kasai portoenteros-
tomy [45, 46].
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Table 4.1 Causes of congenital and acquired non-syndromic bile duct paucity that can be consid-
ered in the differential diagnosis of ALGS syndrome

Chromosomal defects Trisomy 17, 18, 21
Turner syndrome
Congenital infections Cytomegalovirus
Rubella
Syphilis
Endocrinological disorders Hypopituitarism
Genetic and metabolic Alpha-1 antitrypsin deficiency
disorders Arthrogryposis-renal dysfunction-cholestasis (ARC)
syndrome
Cystic fibrosis
HNF1p deficiency

Niemann-Pick type C
Progressive familial intrahepatic cholestasis type 1 and 2

Williams syndrome

Zellweger syndrome and other peroxisomal disorders
Immunological disorders Graft vs. host disease
Chronic hepatic rejection

Primary sclerosing cholangitis

Idiopathic

Of note, bile duct paucity is not universally associated to ALGS but may be
observed in a broad group of disorders including congenital infections, chromo-
somal defects, genetic, metabolic, endocrinological and immunological disorders
(see Table 4.1 for causes of non-syndromic bile duct paucity) [53, 54].

4.4.2 HeartDisease and Pulmonary Vascular Involvement

Cardiac involvement is present in a high proportion of individuals with ALGS
(75-94%), an observation in support of the relevance of the Notch signaling path-
way in ventricular and atrioventricular septation as well as in outflow tract and arte-
rial development [35, 55-57]. Peripheral pulmonary arterial hypoplasia and/or
stenosis of the branch pulmonary arteries are the most common cardiovascular con-
genital anomalies (60-75%) (Fig. 4.2) [58]. Their presence, either as an isolated
finding or in association with other cardiac defects, should always prompt a clinical
suspicion of ALGS. Also, patients may present with right-sided or left-sided con-
genital heart disease as well as with septal defects. Right-sided congenital heart
disease, mainly presenting as tetralogy of Fallot, pulmonary valve stenosis, and
pulmonary atresia, has been documented in up to 25% of patients (Fig. 4.2). Left-
sided congenital heart disease, most commonly constituted by aortic valve stenosis,
supravalvular aortic stenosis, and aortic coarctation, has been described in up to
10% of patients [31, 58]. The combination of right- and left-sided heart disease has
also been observed in a small subset of ALGS patients [58, 59]. Accordingly,



66 P. Gaio et al.

patients with tetralogy of Fallot or congenital pulmonary abnormalities with con-
genital aortic or aortic valve disease should be evaluated for ALGS. Septal defects
(atrial or ventricular) may be present in up to 10-15% of patients either alone or,
more commonly, in association with the aforementioned anomalies.

Cardiac involvement is a major independent determinant of prognosis in ALGS
[32]. Up to 10-25% of patients require cardiac surgery [29, 31, 41, 60]. Subjects
with complex cardiac defects have a significantly worse survival with respect to
those without cardiac involvement (40% vs. 96% 6-year survival) [31]. Also, sur-
vival of ALGS patients with either unrepaired or repaired congenital heart disease is
significantly worse than that of non-syndromic patients with similar cardiac condi-
tions. This higher mortality is likely related to the pulmonary vascular abnormalities
and to the multiorgan involvement that typically characterize ALGS.

4.4.3 Bone Disease and Skeletal Involvement

Patients with ALGS may present with a spectrum of skeletal anomalies. These
include abnormalities of craniofacial development (ALGS-distinct facies),
bone developmental defects (e.g., butterfly vertebrae), and bone mass reduction
(osteoporosis and increased risk of bone fractures).

4.4.3.1 ALGS-Distinct Facies

Subjects with ALGS have a typical facial appearance consisting of prominent fore-
head, moderate hypertelorism with deep-set eyes, upslanting palpebral fissures,
depressed nasal bridge, straight nose with a bulbous tip, large ears, prominent man-
dible, and pointed chin [61, 62]. This characteristic facial phenotype varies along
life. It can be difficult to identify during infancy, usually becomes clinically evident
throughout childhood, and may attenuate during adulthood when the development
of a square jaw can temper the typical triangular appearance of the face (Fig. 4.2)
[62]. Of note, facial features may be more difficult to recognize in patients of non-
Caucasian ethnicity [26, 63, 64].

4.4.3.2 Skeletal Developmental Defects

Butterfly vertebrae (or anterior rachischisis) are the skeletal hallmark of ALGS [65].
They consist of a sagittal cleft in the vertebral body, usually at the D6-9 level, caused
by an incomplete fusion of the anterior vertebral arch during embryogenesis. The
name is based on the radiological appearance of the two hemivertebrae emerging as
butterfly wings from the central cleft (Fig. 4.2). Remarkably, butterfly vertebrae
may occur in normal individuals and may be also seen in other conditions, such as
22q deletion syndrome and VACTERL association [42].

Other congenital skeletal anomalies, usually not associated with any functional
impairment, have been reported in ALGS such as fusion of adjacent vertebrae,
hemivertebrae, absence of the 12th rib, radioulnar synostosis, square shaped proxi-
mal phalange, and shortened distal phalanges. Recently, structural defects of the
middle ear bones causing hearing loss have also been observed [66].
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4.4.3.3 Metabolic Bone Disease

Subjects with ALGS are prone to develop osteoporosis and pathologic bone frac-
tures (Fig. 4.2) [67—69]. The pathogenesis of osteopenia is likely to be multifacto-
rial. While chronic cholestatic liver disease may predispose to hepatic osteodystrophy
(secondary to malabsorption, fat-soluble vitamin deficiencies, and alterations
of calcium homeostasis), increasing evidences support that NOTCH signaling dis-
ruption may cause bone fragility per se [67, 68, 70]. A recent longitudinal study
including 293 patients with cholestasis reported a 26% cumulative incidence of
fracture by the age of 20 years with most fractures occurring during childhood [35].
In some cases, recurrent fractures and osteoporosis have been such severe to consti-
tute an indication for LT [30, 31].

4.4.4 Ophthalmologic Features

The most common ocular finding in ALGS is posterior embryotoxon, a congenital
corneal anomaly consisting of thickening and displacement of the Schwalbe line
(Fig. 4.2). It does not affect visual acuity and can be easily identified by slit-lamp
evaluation as an irregular, thin, grey-white line concentric and anterior to the lim-
bus. Posterior embryotoxon is highly prevalent in ALGS (80-90% both in patients
with JAGI and NOTCH?2 mutations) but can also be detected in healthy subjects
(10-30%) or in patients with other ocular anomalies (e.g., Axenfeld—Rieger syn-
drome) or genetic disorders (e.g., velocardiofacial syndrome) [26, 71].

Other ocular features have been associated to ALGS such as pupil abnormalities,
retinal pigmentary anomalies, and optic disc drusen [72].

4.4.5 Kidney Disease

Kidney abnormalities have been described in a variable proportion of patients
(19-74%) and are considered as the sixth major disease-defining feature of ALGS
[35, 73]. Renal disease may be the predominant symptom of ALGS and can present
at any age including adulthood [22, 74]. Many different structural and functional
conditions have been reported, which collectively recall the various roles of Notch
signaling in glomerular, tubular, and renal vascular development. These included
glomerular mesangiolipidosis (3—69%), renal hypoplasia/dysplasia with or without
cysts (4-59%), congenital anomalies of the urinary tract (e.g., vesico-ureteral reflux,
ureteropelvic obstruction, hydronephrosis, duplex collecting systems) (2-32%),
renal tubular acidosis (8-59%), and renovascular hypertension due to midaortic
syndrome or renal artery stenosis (2-8%) [1, 74, 75]. The occurrence of kidney
failure in ALGS has not been prospectively evaluated. In a large retrospective study,
end-stage renal disease was described in a small proportion of ALGS patients
affected by congenital renal anomalies [73]. Case studies have also described the
need for renal replacement therapy and kidney transplantation [1, 74].
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The impact of renal dysfunction in the long term is not known. Secondary kidney
injuries can complicate advancing heart and liver disease. After LT, renal complica-
tions are common (9.9%) and children with pre-existing kidney failure do not gen-
erally experience improvement of renal function [33]. These observations support
the presence of an intrinsic renal disease not correctable by LT.

4.4.6 Extra-Cardiac/Extra-Pulmonary Vascular Involvement

Up to 30% of ALGS patients are affected by extra-cardiac/extra-pulmonary vascu-
lar anomalies, presentations in line with the relevance of Notch signaling in vascular
morphogenesis, angiogenesis, and homeostasis [28, 76, 77]. Many arterial abnor-
malities (hypoplasia, stenosis, aneurysm) have been reported in both intracranial
and systemic circulation and are currently considered as the seventh disease-defin-
ing feature of ALGS in support of the original definition of the disease as “arterio-
hepatic dysplasia” 3, 78].

The prevalence of cerebrovascular disease in ALGS has been reported as low as
4% to as high as 38% in asymptomatic patients undergoing neuroimaging (Fig. 4.2)
[28, 31, 79]. Three main cerebrovascular phenotypes have been described: cerebral
aneurysms (mainly occurring in the posterior circulation), Moyamoya syndrome,
and dolichoectasia of the internal carotid arteries. Cerebral aneurysms constitute the
most common cause of hemorrhagic stroke in adults, while Moyamoya typically
presents with ischemic stroke during the first decade of life. Although to a lesser
extent than intracranial defects, many vascular systemic abnormalities have been
described in ALGS such as aneurysms or stenosis of the aorta and the renal, celiac,
mesenteric, and subclavian arteries [28, 31, 78].

A bleeding tendency has also been observed in ALGS and episodes of bleeding
unrelated to structural vascular anomalies or coagulation defects have been reported
in up to 15% of patients. An underlying pathogenetic hypothesis is that the intrinsic
impaired integrity of blood vessels in ALGS may predispose to vascular injury.
Hemorrhage may arise spontaneously, after minor traumas or during invasive pro-
cedures. Bleeding has principally been observed in the intracranial circulation as
subarachnoid, subdural, epidural, or intra-parenchymal hemorrhage [31, 34, 78, 80].

Vascular abnormalities constitute a significant cause of morbidity with vascular
accidents and spontaneous bleeding episodes accounting for 34% of the overall
mortality in ALGS [28, 31]. Also, patients with ALGS who undergo LT have a
higher incidence of vascular complications [56].

4.4.7 Additional Features

4.4.7.1 Growth Impairment

Short stature and failure to thrive are described in 50-90% of patients with ALGS
[81]. The pathogenesis is considered to be multifactorial in relation to inadequate
caloric intake, fat malabsorption secondary to cholestatic liver disease, increased
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energy expenditure due to heart disease, and growth hormone resistance in the con-
text of chronic kidney disease [82]. A recent longitudinal study including 293 ALGS
patients with cholestasis showed that hyperbilirubinemia has a negative, although
modest, effect on height and weight z-scores, and did not observe any association
between congenital heart defects and growth impairment [35]. These results support
that growth impairment may be intrinsic to ALGS genetic determinants rather than
to heart or liver disease [32]. Indeed, notwithstanding a larger degree of post-
transplant catch-up growth in comparison to other cholestatic liver disorders [33],
children with ALGS retain a deficit in linear growth even after LT [83].

4.4.7.2 Developmental Delay

Impaired gross motor skills and intellectual disability has been reported in approxi-
mately 10% of ALGS patients [31]. Before LT severe pruritus, xanthomas, and low
weight/height z-scores have been recognized as significant predictors of intellectual
disability [84]. After LT children with ALGS have lower school performance and
higher prevalence of intellectual disability (10%) in comparison to children trans-
planted for biliary atresia [33]. Almost half of ALGS patients require a special edu-
cation both before and after LT [33, 39].

4.4.7.3 Immune Dysregulation

An “immunological phenotype” characterized by recurrent otitis media and respira-
tory infections has been described in up to a third of ALGS patients [41, 85].
Moreover, few patients have been reported with chronic inflammatory conditions
(i.e., inflammatory bowel disease, vasculitis, granulomatous disease) [31, 86—88].
Very recently the association between ALGS and rheumatologic disorders has been
highlighted by a multicentric survey showing a 5% prevalence of chronic arthritis in
a population of almost 200 ALGS patients (Fig. 4.2). Arthritis was generally diffi-
cult to treat and resistant to the conventional drugs used for juvenile idiopathic
arthritis [89]. The pathogenic mechanism underlying the immunological features of
ALGS is still undetermined but may involve local anatomical anomalies/dysmor-
phisms compromising the drainage of airway secretions as well as an immune dys-
regulation caused by failure of the JAGGED-1/Notch/CD46 system [88, 90].

4,5 Diagnosis
4.5.1 Diagnostic Criteria

ALGS was historically a purely clinical and histologically based diagnosis requir-
ing the demonstration of bile duct paucity on liver biopsy in addition to at least three
out of five major clinical features: cholestasis, cardiac defects, characteristic facial
appearance, posterior embryotoxon, and butterfly shaped vertebrae. In recent years,
not only the phenotypic criteria of ALGS have been expanded to include kidney and
vascular abnormalities, but also the presence/absence of genetic mutations in JAG/
or NOTCH?2 and a family history of disease have been added into the diagnostic
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criteria of ALGS (see Table 4.2 for the revised diagnostic criteria of ALGS by
Kamath et al. [42]).

4.5.2 Clinical Evaluation

As ALGS is a multisystem disease, a thorough clinical assessment should be per-
formed. The main biochemical tests and imaging studies needed for the initial
evaluation of subjects with suspected ALGS are summarized in Table 4.3. If the
patient fulfills ALGS diagnostic criteria, liver biopsy is no longer mandatory to
confirm diagnosis [91]. However, it may be considered when other liver disorders

Table 4.2 Revised diagnostic criteria for ALGS adapted from Kamath et al. [42]

Pathogenic variant | Family Number of
in JAG! or history of clinical criteria
NOTCH?2 ALGS required Clinical criteria of ALGS
Identified None At least 1* 1. Liver: bile duct paucity, cholestasis
(proband) 2. Heart: peripheral pulmonary
Identified Present Any or none stenosis, tetralogy of Fallot
Not identified® None 3 or more 3. Face: typical facial appearance
(proband) 4. Eye: posterior embryotoxon
Not identified* Present 2 or more 5. Slfeleton: butterfly Vertc-.:brae .
6. Kidney: renal hypoplasia/dysplasia
with or w/o cysts, CAKUT?®, renal
tubular acidosis
7. Vessels: aneurysms/stenosis of
intracranial vessels, Moyamoya disease,
aneurysms/stenosis of systemic arteries

“The exact terminology regarding an individual with a disease-causing variant but no clinical fea-
tures of ALGS remains to be determined. This individual cannot be described as “affected” by
ALGS but still has a 50% chance of disease transmission to offspring. For the purposes of making
the diagnosis of ALGS in a proband, at least one clinical feature is required in addition to a patho-
genic genetic variant

"CAKUT Congenital Anomalies of the Kidneys and of the Urinary Tract

““Not identified” should be intended as genetic test not done or performed employing molecular
diagnostic techniques with low mutation detection rates. If after adequate genetic tests no patho-
genic variants are identified in the JAGI or NOTCH?2 gene and chromosomal defects are excluded,
the likelihood of ALGS is very low, particularly if clinical manifestations are not cardinal features

Table 4.3 Main biochemical tests and imaging studies performed during the initial evaluation of
subjects with suspected ALGS

Liver Assessment of liver function tests, bile acids, cholesterol, clotting parameters,
fat-soluble vitamins.

Liver ultrasound. Liver biopsy (if indicated).

Face Dysmorphological evaluation.

Heart Cardiac evaluation, electrocardiogram, echocardiogram.
Skeleton | Spinal or A-P chest X-ray.

Eye Ophthalmologic assessment.

Kidney | Assessment of renal function tests and kidney ultrasound.
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are suspected (for example during the diagnostic evaluation of infant cholestasis),
when genetic testing is unavailable, or when the diagnosis of ALGS is uncertain
[40, 42].

4.5.3 GeneticTesting

Pathogenic variants in JAG! (ALGS type 1; OMIM #118450) and NOTCH2 (ALGS
type 2; OMIM #610205) account for up to 96% of cases of ALGS (JAG1, 92-94%;
NOTCH?2, 2—4%) [92]. The majority of JAG! variants (85%) consists of nonsense,
missense, and splice site mutations, while the minority (around 10%) is constituted
by large deletions in chromosome 20p. NOTCH?2 disease-causing variants are pre-
dominantly missense, but also include splice site and nonsense pathogenic muta-
tions [18, 92].

Based on the above, genetic testing for ALGS requires both sequencing and
copy number analyses, which can be carried out by Sanger sequencing and chro-
mosomal deletion/duplication analysis, or next generation sequencing (NGS)
with copy number variation (CNV) analysis. The usual current approach is to
sequence all exons and adjacent intronic regions of JAGI. If CNV analysis is not
carried out simultaneously with sequencing, second tier diagnostics involves large
deletion/duplication analysis through array comparative genomic hybridization
(aCGH), multiplex ligation-dependent probe amplification (MLPA), or fluores-
cence in situ hybridization (FISH), which can identify an additional 10% of
pathogenic variants. If no pathogenic variants are identified in JAGI, NOTCH?2
sequencing is performed to uncover an additional 2-4% of pathogenic variants.
As no large deletions or duplications of NOTCH?2 have been described so far, the
analysis of this gene does not typically include copy number analysis [18, 92].
However, thanks to the latest technological improvements, sequencing of the cod-
ing region of JAG! and NOTCH?2 together with JAG! CNV analysis can now be
simultaneously performed employing the NGS technology coupled with CNV
investigation. Once a JAGI or NOTCH?2 pathogenic variant is identified in a pro-
band, parents should be tested to establish if the mutation has been inherited
(30-50% of cases) or has occurred de novo (50-70% of cases) [42]. If no parental
mutation is identified, the recurrence risk is limited to the chance of germline
mosaicism, which is estimated around 1-3% [42].

In subjects (3—6%) with clinical features of ALGS but no pathogenic variants in
JAGI or NOTCH?2 (after adequate genetic investigations), other diagnoses should be
suspected and more comprehensive genetic investigations (such as whole exome
sequencing, whole genome sequencing, or RNA sequencing) performed. Indeed,
clinical features overlapping with those of ALGS have been observed in patients
affected by other genetic disorders such as progressive familial intrahepatic cho-
lestasis type 1 (ATPS8BI) and 3 (ABCB4), hepatic-pancreatic-dysplasia 2 (NEKS),
and HFN1p deficiency (HFN1p) [54, 92-95].
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4.6 Management

ALGS is a multisystem disorder characterized by a highly variable disease severity
ranging from trivial to life-threatening clinical manifestations. A multidisciplinary
approach is required to define the degree of organ involvement and to establish an
appropriate management tailored on the single patient phenotype. Although no
treatment is available for the definitive cure of ALGS, several supportive and correc-
tive treatments are available. These treatments vary depending on the type and
severity of organ involvement and may involve extended hospitalizations, surgical
operations, transplantations, and other costly interventions [1].

The cornerstones of ALGS management are described below in separated
sections.

4.6.1 Liver Disease

There is currently no etiologic treatment for ALGS-related liver disease. Thus, its
management is either constituted by supportive measures or by substitution of the
liver with a healthy allograft. Other than those required for any kind of chronic liver
disease, supportive measures mainly focus on controlling pruritus, supporting nutri-
tion and fat-soluble vitamin deficiencies and managing cholesterol levels.

4.6.1.1 Pruritus

The management of pruritus in ALGS is challenging and often requires the
employment of a combination of multiple pharmacological therapies and possibly
surgical interventions. There are no specific therapeutic strategies, but a stepwise
approach is usually preferred [40, 96]. If itching is intermittent and mild, antihis-
tamines, such as hydroxyzine or diphenhydramine, can be used. Unfortunately,
antihistamines are short lived and not typically effective in the long term. Patients
with persistent and moderate to severe pruritus require a chronic treatment.
Options for therapy include different drugs, usually employed in combination.
First-line therapy is ursodeoxycholic acid (UDCA) which stimulates biliary secre-
tion and reduces bile toxicity. It has an excellent safety profile but it is usually not
sufficient to control pruritus as a mono-therapy [40, 96]. Cholestyramine and
rifampin are used as second- and third-line treatments, respectively. Cholestyramine
is a bile sequestrant that interrupts the enterohepatic circulation of bile acids. Its
efficacy is hampered by poor palatability and by possible adverse effects (bloat-
ing, constipation, malabsorption of fat and fat-soluble vitamins) [40, 96].
Rifampicin is a pregnane-X receptor (PXR) agonist which induces the hydroxyl-
ation of bile acids promoting their urinary excretion. Treatment with rifampicin is
very effective in controlling pruritus and, despite a potential risk of hepatotoxic-
ity, presents a very low rate of adverse effects [40, 96]. Naltrexone, a p-opioid
receptor antagonist, constitutes a fourth line of treatment. It is similarly effective
as rifampicin but less tolerated. In the largest reported study, almost a third of
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children with ALGS experienced side effects, mainly consisting of opioid with-
drawal symptoms [40, 96]. As a fifth-line option, sertraline, a selective serotonin
re-uptake inhibitor (SSRI), can be applied. Despite its mechanism of action
remains elusive, sertraline has proven effective in controlling pruritus both in chil-
dren and adults with ALGS. Non-severe behavior disorders have been reported in
children with ALGS treated with sertraline, all of which resolved after discontinu-
ation of treatment [97]. Newer pharmacological therapies for cholestatic pruritus,
such as apical sodium-dependent bile acid transporter (ASBT) inhibitors (e.g.,
maralixibat, odevixibat), are currently being investigated and may be effective in
ALGS [98].

Even with optimal medical management, pruritus may persist in up to 20% of
patients [96]. In this case, surgery or LT have to be considered. Surgical interven-
tions are performed in around 10% of patients with ALGS [35]. They aim to disrupt
the enterohepatic circulation of bile acids and include partial external biliary diver-
sion (PEBD), ileal exclusion, and internal biliary diversion. In patients without end-
stage liver disease, these operations have proven to be effective in ameliorating
pruritus and to carry lower morbidity and mortality than LT. They did not appear,
however, to prevent the progression of liver disease [96, 99-101].

4.6.1.2 Nutrition

Malabsorption due to cholestasis can lead to growth failure, malnutrition, and fat-
soluble vitamin (A, D, E, K) deficiencies. Nutritional care and constant monitoring
of growth are thus mandatory in ALGS patients, especially during childhood.
Adequate caloric and protein intake should be granted either by the oral or enteral
route. Medium-chain triglycerides (MCT), which do not require micellar formation
for absorption, are usually employed in cholestatic patients to increase lipid intesti-
nal absorption. Fat-soluble vitamins should be periodically checked (2-3 times/
year) and supplemented if deficient [40].

4.6.1.3 Hypercholesterolemia

Hypercholesterolemia is one of the hallmark features of ALGS. The increase in
serum cholesterol is proportional to the degree of the cholestasis and is caused by
multiple abnormalities in the hepatic metabolism of cholesterol. These include: (1)
an overall augmented cholesterol production due to increased HMG CoA-reductase
activity; (2) an augmented production of unesterified cholesterol due to inhibition of
the lecithin/cholesterol acyltransferase (LCAT) activity; (3) the development of an
abnormal lipoprotein (called lipoprotein X or LpX), formed as a complex of free
unesterified cholesterol and albumin, that cannot be effectively cleared from the
blood by the LDL receptor [102]. Apart from isolated case reports describing the
presence of atheromatous plaques in subjects with ALGS [41, 103], the majority of
the studies did not demonstrate an increased risk of atherosclerosis, possibly due to
the protective effect of LpX and HDL elevation [104, 105]. Based on these observa-
tions, at present there are no indications for the pharmacological treatment of hyper-
cholesterolemia in ALGS.
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4.6.1.4 Liver Transplantation

LT is a well-established therapy in ALGS and is required in a significant proportion
of patients (see Sect. 4.4.1.2). ALGS represents approximately 5% of overall indica-
tions for LT in children with a median age at operation ranging from 2 to 6.5 years
of age [83]. The reported indications for LT in ALGS are extremely heterogeneous
and can be broadly classified into: (1) complications of chronic liver disease such as
decompensation of hepatic synthetic function, uncontrolled portal hypertension, or
chronic encephalopathy; (2) complications of chronic cholestasis such as intracta-
ble pruritus, failure to thrive, malnutrition, disfiguring xanthomas, severe hypercho-
lesterolemia, bone fractures, or hepatic osteodystrophy [1]. The outcome of LT in
ALGS is hampered by higher morbidity and mortality rates in comparison to other
cholestatic liver disorders, especially in children. The largest multicenter retrospec-
tive study, reporting data from the UNOS (United Network for Organ Sharing) data-
base, examined the outcome of 461 children with ALGS over a 21-year period
(1987-2008). Patient survival was 82.9% and 78.4% at 1 years and 5 years after LT,
respectively [106]. Another study, reporting data from the SPLIT (Studies in
Pediatric Liver Transplantation) registry, examined the outcome of 91 children with
ALGS over a 14-year period (1995-2009). One- and 5-year patient survival were
similar at 87% and 86% [33]. A single study of 44 adults (mean age 30 years, UNOS
database) found that 1- and 5-year patient survival (95.5% and 90.9%, respectively)
are superior in adults than in children [107]. The higher mortality in ALGS mainly
occurs in the first 30 days after LT due to post-transplant surgical problems such as
vascular (20%) and biliary tract complications (15%) [1, 33]. Renal complications
are also common (9.9%) both in the short- and long term after LT due to the under-
lying ALGS kidney disease and to the exposure to nephrotoxic drugs such as calci-
neurin inhibitors (see also Sects. 4.4.5 and 4.6.4) [1, 33]. Pre-transplant heart disease
has been identified as an independent predictor of early post-transplant mortality
[31]. Based on these data, the indication(s) for LT should be carefully considered in
ALGS. Moreover, a thorough evaluation of all comorbidities, with particular atten-
tion to the cardiovascular and renal involvement, is mandatory before LT to estimate
surgical risks [83].

4.6.2 HeartDisease and Pulmonary Vascular Involvement

Given the high prevalence of congenital heart disease, all subjects with or suspected
with ALGS should undergo a full cardiac evaluation. In case of peripheral pulmo-
nary arterial hypoplasia and/or stenosis, Tc-99 lung perfusion scan and pulmonary
angiography can provide information regarding the relative distribution of blood
flow to the lungs and the anatomy of the pulmonary arterial vessels, respectively.
Cardiovascular involvement should be fully investigated and potentially treated
prior to any consideration for LT [56]. Right ventricular hypertrophy and pulmonary
hypertension complicating pulmonary vascular involvement may decrease cardiac
vascular reserve [108, 109]. In fact, the inability to increase right ventricular output
in the early post-transplant period may cause fluid overload, acute heart failure, and
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graft loss. In addition to standard procedures, an invasive dynamic stress test evalu-
ating cardiac performance has been proposed: an increase >40% of cardiac output
during continuous infusion of dobutamine is indicative of a cardiac reserve adequate
for LT [108].

No specific indications or guidelines exist for the treatment of congenital heart
defects in ALGS, which can be managed according to standard practice. Cardiac
surgery as well as non-surgical strategies (e.g., vasal stenting, valvuloplasty) and
combined surgical-transcatheter interventions have all been successfully employed
in ALGS patients [91, 110-112]. A single case of combined heart-lung-liver trans-
plant has been reported in a child with ALGS [113].

4.6.3 Bone Disease

The presence of osteopenia/osteoporosis should be investigated through dual-
energy X-ray absorptiometry especially in patients with severe cholestasis and/or
bone fractures. Vitamin D and calcium supplementations are recommended in order
to optimize bone health [67, 91]. No specific guidelines exist for the treatment of
bone disease secondary to ALGS and/or chronic cholestasis, although if a patient
has recurrent fractures, treatment with bisphosphonates and LT have to be
considered.

4.6.4 Kidney Disease

Any patient diagnosed with ALGS should undergo an initial nephrological evalua-
tion including blood pressure management, renal laboratory tests, urinalysis, and
kidney ultrasound. If arterial hypertension is present, additional evaluations of the
abdominal aorta and renal arteries are warranted to look for causes of renovascular
hypertension (e.g., abdominal CT or magnetic resonance angiography). Serial
nephrological assessments are also indicated as renal disease can manifest at any
age and renal function may be negatively affected by concomitant heart and/or liver
disease(s) [22, 74]. Management of ALGS-related nephro-urological disorders
should be tailored on the specific phenotype according to standard practice.

Given the risk of renal damage after LT, a thorough nephrological assessment
should be conducted in all patients undergoing evaluation for transplantation and
renal function should be regularly supervised in the post-transplant period [114,
115]. Although there is no established specific immunosuppression regimen, careful
monitoring, minimization, or avoidance of potentially nephrotoxic immunosuppres-
sive therapy should be strongly considered [73, 74]. In some institutions, ALGS
patients receive a tailored immunosuppression using early introduction of myco-
phenolate mofetil and reduced tacrolimus levels from 3 months or earlier because of
risk of renal dysfunction (particularly renal tubular acidosis) exacerbated by tacro-
limus [109].
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4.6.5 Extra-Cardiac/Extra-Pulmonary Vascular Involvement

Given the high prevalence of cerebral vasculopathies in ALGS, a prompt neuroim-
aging should be provided to all patients with neurological concerns. As no specific
treatment exists for ALGS-related vascular disease, eventual treatment approaches
should follow standard strategies.

Due to limited data regarding the natural history of vasculopathy in ALGS, the
role of routine neuroimaging in asymptomatic patients remains controversial.
Several authors recommend that all ALGS patients undergo a screening magnetic
resonance angiography at an age at which they do not require sedation and/or prior
to any major surgerical intervention including LT [28, 78, 79].

4.7 Conclusions

After 50 years from the first description of the disease by the French hepatologist
Daniel Alagille, the comprehensive knowledge about ALGS has grown incredibly.
The genetic basis as well as the clinical complexity of ALGS are now well acknowl-
edged. Next generation sequencing technologies currently allow for a timely, effi-
cient and inexpensive diagnosis of ALGS and for reliable genetic counseling.
Nowadays, LT constitutes the standard of care for the treatment of ALGS patients
affected by end-stage liver disease or overwhelmed by the complications of chronic
cholestasis.

Still, many biological questions and clinical challenges remain to be solved.
The pathogenic mechanisms by which JAGI and NOTCH?2 mutations lead to bile
duct paucity remain to be elucidated. The molecular determinants of the broad
phenotypic variability and of the unique course of liver disease in ALGS are
mostly unrecognized. Novel treatments are needed to control pruritus, which still
constitutes an extremely burdensome symptom for many patients. Specific thera-
peutic strategies allowing for a definite cure of ALGS are lacking. Future studies
will surely aim to provide answers to these questions and solutions to these
unmet needs.

4.8 Highlights

1. ALGS is a rare, autosomal dominant disorder caused by defects in genes (JAG/
or NOTCH?2) involved in the Notch signaling pathway and characterized by mul-
tisystem anomalies resulting from the abnormal development of intrahepatic bile
ducts, heart, kidneys, bones, eyes, and vessels.

2. ALGS is characterized by a highly variable severity ranging from trivial to life-
threatening clinical manifestations. The overall mortality rate ranges from 10%
to 35% with main causes of death consisting of vascular accidents, cardiac mal-
formations, and liver disease.
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. The liver is the most commonly affected organ with bile duct paucity being the

hallmark histological feature of ALGS. Most patients (80-90%) present in the
first year of life with cholestatic liver disease. Almost half (40%) suffer from the
complications of persistent cholestasis and/or present clinically evident portal
hypertension by 20 years of age. A significant, albeit variable, proportion of
affected individuals (15-75%) require LT along life.

. The diagnosis relies on the demonstration of JAG/ or NOTCH?2 pathogenic vari-

ants, on the presence of a family history of disease and on the identification of
one or more clinical features of ALGS. Liver biopsy is no longer mandatory if
diagnostic criteria are fulfilled.

. No curative treatment is available for ALGS. The management of liver disease is

either constituted by supportive measures (mainly focused on controlling pruri-
tus and supporting nutrition) or by substitution of the liver with a healthy
allograft.

. The outcome of LT in ALGS is hampered by higher morbidity and mortality

rates in comparison to other cholestatic liver disorders, especially in children.
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5.1 Introduction

Caroli’s disease was described for the first time in 1958 by a French gastroenterolo-
gist, Jacques Caroli. It is an autosomal recessive congenital disease, with an esti-
mated incidence of 1:1,000,000 and higher prevalence in females.

Among biliary system non-neoplastic pathology, cystic disease represents a rare
congenital condition. Todani’s classification of bile duct cysts describes five main
groups of cysts depending on intra- and/or extrahepatic bile ducts involvement.
Caroli’s disease is also referred to as type V bile duct cysts according to this
classification.

The five main groups of Todani’s classification are:

e Type I, choledochal cyst. It is the most frequent form (80-90%) and is thought
to be due to an anomalous pancreatic-biliary junction, which results in a reflux of
pancreatic secretion into the bile duct. The dilatation may extend to the entire
extrahepatic duct (Ia) or be segmental (Ib) or fusiform (Ic).

e Type II, supraduodenal extrahepatic bile duct diverticulum. It accounts for 3%
of all bile duct cysts.

e Type III, choledochocele, intramural segment dilatation, observed in 5% of
cases and responsible of recurrent biliary colic or pancreatitis.
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* Type IV, consists of intra- and extrahepatic (IVa) or extrahepatic only (IVb) bile
ducts multiple dilatations, present in 10% of cases.

e Type V, known as Caroli Disease (CD) and characterized by multiple intrahe-
patic cystic dilatation.

5.2 Pathogenesis

CD is the result of an abnormal development of the ductal plate, a transient structure
that appears at the sixth week of fetal life. From the 12th week to the end of the
gestation or the very first postnatal period, the remodeling and partial involution of
the ductal plate forms the biliary tree. The remodeling of the ductal plate starts from
the hepatic hilum and progresses toward the periphery: the partial or complete inter-
ruption of this process may cause congenital cystic lesion formation, with different
phenotypes depending on the stage in which the defect occurs (Fig. 5.1). The so-
called fibro-polycystic liver diseases include:

1. Large bile ducts involvement: Caroli’s disease (intrahepatic bile ducts involve-
ment) or choledochal cyst (extrahepatic bile ducts involvement)

2. Medium bile ducts involvement: autosomal dominant polycystic liver dis-
ease (ARPKD)

3. Small bile ducts involvement: biliary hamartomas or congenital hepatic fibrosis

DUCTAL PLATE DEVELOPMENT

EARLY STOP INTERMEDIATE STOP LATE STOP
0% 100%
Hilum Periphery
Medium-size
Large extrahepatic Large Intrahepatic v Small intrahepatic

bile ducts bile ducts intrahepatic bile ducts
bile ducts

Pol tic ‘Congenital

Choledocal cyst Caroli "“:":5::3“ hepatic fibrosis
Biliary
hamartomas

Fig. 5.1 Schematic representation of biliary system malformations. The remodeling and partial
involution of the ductal plate starts at the hilum around the 12th week and progresses peripherally
until it is completed by the end of the gestation. The phenotype of the fibro-polycystic liver disease
depends on the stage of the embryological development in which the defect occurs
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5.3 Clinical Characteristics

The onset of symptoms occurs during childhood or young adulthood, with intermit-
tent abdominal pain (at the right upper quadrant), jaundice, and pruritus related to
recurrent cholangitis episodes. Possible complications are related to bile stasis:
intrahepatic stone formation, bacteremia, sepsis, hepatic abscesses, recurrent chol-
angitis, and secondary biliary cirrhosis. Cholangitis and abscesses are typically
characterized by fever and malaise. An increased risk of cholangiocarcinoma is
reported with a prevalence of 7%j; chronic inflammation of the biliary epithelium
may play an important role.

When both early and late stage anomalies of the ductal plate development occur,
the CD coexists with another fibro-polycystic liver disease, typically congenital
hepatic fibrosis. This condition is called Caroli’s syndrome and it’s more frequent
than Caroli’s disease. The association with congenital hepatic fibrosis can lead
eventually to the development of portal hypertension, with subsequent ascites and
variceal hemorrhages.

ARPKD and other fibro-polycystic liver diseases can occur in association with
CD and congenital hepatic fibrosis.

5.4 Diagnosis

Imaging techniques well demonstrate diffuse, lobar, or segmental involvement of
intrahepatic biliary ducts, as non-obstructive saccular or fusiform dilatations, usu-
ally up to about 5 cm in diameter, often containing calculi or sludge. Ultrasound
(US) shows intraductal bridging, as echogenic septa traversing the dilated lumen,
and stones, if present. The appearance of echogenic portal vein branches surrounded
by hypoechoic dilated bile ducts is better seen on axial Computed Tomography
(CT) scans examination as “central dot sign,” in which the dot is represented by the
portal branch cross-sectional view and become more evident after contrast media
administration, in portal phase enhancement (Fig. 5.2). The “central dot sign” occa-
sionally occurs in other pathologies (e.g., peribiliary cysts, periportal lymphedema,
and jaundice due to biliary obstruction).

Magnetic Resonance Imaging (MRI) with cholangiopancreatography (MRCP) is
the most efficient method to visualize non-invasively the biliary and pancreatic duct
system. Dilated biliary tracts appear hypointense on T1-weighted images and hyper-
intense on T2w ones; signs of cholangitis (i.e., thickening of the walls with irregular
margins and enhancement, due to fibrosis and edema) can also be recognized; fur-
thermore, MRCP well demonstrates the associated stenoses (Fig. 5.3) and the con-
tinuity between cystic dilatations and the biliary tree. The T1-weighted images
acquired after contrast media administration may reveal the “central dot sign”
(Fig. 5.4), whereas the administration of hepatobiliary contrast agent (gadoxetic
acid) may also prove communication of the cystic dilatations with the biliary tree
(Fig. 5.5).
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Fig.5.2 Transverse CT scans obtained after contrast media injection in portal phase (a, b) show-
ing multiple hypoattenuating liver lesions of different sizes scattered throughout the parenchyma.
Some of them have a central hyperattenuating small vessel that creates the “central dot sign”
(arrows). If the vessel is parallel to the plane of the image, the dot becomes a line

Fig. 5.3 Magnetic
resonance T2-weighted
transverse image showing
a hyperintense cystic
dilatation of the biliary tree
that contains an
intrahepatic stone, seen as
a darker formation inside

it (arrow)

Fig. 5.4 Magnetic resonance T1-weighted transverse images after non-specific contrast agent
injection: “central dot sign” due to the cross-sectional view of the vessel (arrow) (a); the vessel is
parallel to the plane of the image, appearing as a line within the hypointense formation (b)
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Fig.5.5 T2-weighted MRCP image showing hyperintense cystic dilatation of the biliary tree (a).
T1-weighted transverse images acquired before (b) and after the administration of hepatobiliary
contrast agent (gadoxetic acid), depicting “central dot sign” in portal venous phase (¢) and lumen
contrast enhancement in hepatobiliary phase (d), confirming the communication of the cystic dila-
tations with the biliary tree

An older technique for confirmation of biliary dilatation is represented by the
“HIDA scan,” hepatic cholescintigraphy that uses radiotracers called TC*™-IDA
(iminodiacetic acid) analogs.

In case of hepatic abscess, a plain abdominal radiograph may show indirect signs
like pneumobilia, gas beneath the diaphragm, and right-sided pleural effusion. US
demonstrates poorly demarcated collections with variable appearance (i.e., hypo- to
hyperechoic) and gas bubbles; no perfusion is observed in the central—necrotic—
portion at Color Doppler. Contrast enhancement of the walls may be useful to mea-
sure the size of the lesion and to depict internal septation. Similarly, at CT scan
“double target sign” is observed, with central low attenuation, a high attenuation
inner rim (i.e., abscess membrane) that enhances early, and a low attenuation outer
ring (i.e., parenchymal edema) that enhances on delayed phase. MRI identifies cen-
trally hypointense lesions on T1-weighted and hyperintense signal on T2-weighted
images, with enhancement of the capsule and septations, and signal restriction on
diffusion weighted images (DWI).

The association between CD and cholangiocarcinoma requires a regular follow-
up, usually performed with CT or MR (Fig. 5.6).
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Fig. 5.6 Magnetic resonance of a patient with Caroli’s disease who developed an intrahepatic
cholangiocarcinoma. T2-weighted (a) and T1-weighted (b) transverse images showing an irregular
mass slightly hyperintense in T2, with poor and inhomogeneous contrast enhancement in T1 that
turned out to be a cholangiocarcinoma (arrow). It compressed the biliary tree, causing dilation of
the biliary tree, that coexisted with the dilation caused by CD

5.5 Differential Diagnosis

Differential diagnosis includes most of the other fibro-polycystic diseases, primary
sclerosing cholangitis, pyogenic cholangitis, and obstructive biliary dilatation.

e Polycystic liver disease: hereditary condition that occur in up to 90% of patients
with autosomal dominant polycystic kidney disease. No biliary duct dilatation or
communication with biliary ducts are generally observed. They are usually more
numerous and may bleed, causing a fluid-fluid level inside.

e Primary sclerosing cholangitis: inflammatory condition associated with inflam-
matory bowel disease in 70% of patients. Dilatations are typically smaller, fusi-
form and paired with strictures resulting in a “beaded appearance” of the biliary
tree. Suggestive hepatic morphology changes are enlargement of the caudate
and left lobe hypertrophy. If elevated serum IgG-4 is found along with other
IgG-4 related conditions, an IgG-4 related sclerosing cholangitis should be
considered.

e Pyogenic cholangitis: should be suspected in patients with fever and septicemia.
Imaging demonstrates biliary strictures and dilatations of both intra- and extra-
hepatic bile ducts that usually contain stones.

e Obstructive biliary dilatation: a mechanical obstruction of the biliary tree is
demonstrated.

CD can coexist with other fibro-polycystic liver disease, such as biliary hamarto-
mas (Fig. 5.7).
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Fig. 5.7 The same patient
of Fig. 5.2 underwent
MRCEP, for further
evaluation, showing the
cystic dilatation of the
biliary tree already
depicted by CT and
multiple small
hyperintense lesions
scattered throughout the
liver without
communication with the
biliary tree,
pathognomonic of biliary
hamartomas. CD coexists
with biliary hamartomas

5.6 Treatment

If CD is not diffuse, segmentectomy or lobectomy may be performed; otherwise,
conservative management is generally applied (i.e., ursodeoxycholic acid), and liver
transplantation could be considered. For cholangitis and hepatic abscesses, antibi-
otic therapy is required. Interventional radiology percutaneous drainage, under US
or CT guidance, plays a role for bigger abscess, if no septations are present [1-27].
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6.1 Introduction

Cystic fibrosis (CF) is a severe autosomal recessive genetic disorder caused by
mutations of the CF Transmembrane Conductance Regulator (CFTR) gene, which
encodes for the CFTR protein, a chloride channel located at the apical membrane of
epithelial cells. CF is a multiorgan disease affecting mostly the lungs, the pancreas,
liver, intestine and sweat glands. With advances in medical care, a remarkable
increase in survival has occurred, from 16 years in 1970 to 47.7 years in 2016.
Further improvements are predicted in the near future due to the recent availability
of an increasing number of innovative drugs targeting the CF basic defect (CFTR
modulators) [1].

As aresult of prolonged survival, the extrapulmonary comorbidities have become
more frequent. With regard to the hepatobiliary system, a large spectrum of clinical
manifestations have been described, with different pathogenetic mechanisms,
including those related to specific alterations induced by the CFTR protein defect,
lesions of iatrogenic origin, or those related to a disease process that occurs outside
the liver [2] (Table 6.1). Liver disease in CF (D) is one of the main comorbidity of
the disease and has been identified as the third most frequent cause of death in CF
patients after respiratory failure and transplantation related complications, account-
ing for 3.4% of overall mortality in the USA in 2018 [3]. In this chapter, the clinical
manifestations of the characteristic LD associated with CF will be described with
particular attention to the phenotypic expression in adult patients.
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Table 6.1 Liver and biliary tract problems in cystic fibrosis

Clinical manifestation Frequency Notes
Isolated abnormalities Quite common, Frequently iatrogenic (drug
in serum liver enzymes | particularly during the hepatotoxicity)

first years of life

Exclusion of other causes of LD needed
(viral infections, drugs, metabolic and
structural conditions)

Focal biliary cirrhosis

20-30%

Mostly related to the CFTR defect in
cholangiocytes

Multilobular biliary
cirrhosis

5-10%

Treatment with UDCA (20 mg/kg/die)
probably beneficial in early stages

Portal hypertension

2-5%

Most relevant hepatic complication of CF

Not necessarily associated with cirrhosis

Requires careful monitoring of
complications and primary prophylaxis
of GI bleeding

Non-cirrhotic portal
hypertension

Undefined

Vascular rather than biliary-related
pathogenesis

May include nodular regenerative
hyperplasia due to chronic drug-induced
liver injury

More frequent in adulthood

Hepatic venous pressure gradient is
generally normal

Ultrasonography, transient elastography
and even biopsy may be normal

Liver failure

<1%
Rare

Indication for liver transplantation

Liver steatosis

23-67%

Essential fatty acid and/or other
nutritional deficiencies relevant in the
pathogenesis

Gallbladder
involvement

24-50%

Microgallbladder, gallbladder distention,
and/or dysfunction generally
asymptomatic

Cholelithiasis

15%

Most commonly calcium bilirubinate
stones

Often asymptomatic

UDCA treatment uneffective

Cholecystectomy in symptomatic
patients

Cholangiopathy

Cholangitis

69%

Frequently detected by NMR in a high
proportion of CF patients with and
without other signs of LD

Generally asymptomatic

Neonatal cholestasis

<2%

Due to obstruction by inspissated biliary
secretions

Differential diagnosis with biliary atresia
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6.2 Pathogenesis

The basic defect of CF has been considered to play a major role in the pathogenesis.
In the liver and biliary tract, the CFTR protein is specifically expressed at the apical
membrane of the epithelial cells lining the biliary epithelium (cholangiocytes) [4],
and its main role is to regulate the level of bile hydration and alkalization. This is
achieved by maintaining chloride ion (Cl~) gradient that drives the secretion into the
bile of bicarbonate by anion exchanger (AE2/SLC4A?2) expressed either in the can-
aliculi or in the luminal membrane of bile duct epithelial cells [5].

Therefore, focal biliary cirrhosis, the typical hepatic lesion of CF has been con-
sidered the direct consequence of lack or dysfunction of CFTR protein in cholan-
giocytes, leading to inspissated biliary secretions, bile duct plugging, hepatocyte
damage, inflammation and progressive periportal fibrosis [6]. The fact that only
one-third of CF patients develops LD has been explained by the three alternative
CI" secretory cholangiocyte’s mechanisms that may in part bypass CFTR defect [7].

However, other pathogenetic factors are likely to be involved. For example,
recent studies suggest that the gut-liver axis may play a role in the development of
cirrhosis in CF [8, 9]. CF patients often present increased intestinal permeability
[10], small intestinal bacterial overgrowth [11] and evidence of intestinal inflamma-
tion at capsule endoscopy [12]. In addition, alterations in gut microbiota CF have
been documented, in terms of both number and type of bacteria [13, 14] which may
have important consequences within and beyond the CF gut. This dysbiosis may in
turn further increase gut permeability and promote translocation of bacterial factors
into the portal circulation, exposing the liver to gut-derived endotoxins. Indeed,
compared to CF patients without LD faecal microbiome was shown to be signifi-
cantly different in CF patients with cirrhosis, who also showed more macroscopic
intestinal inflammatory lesions as well as slower bowel transit time [15].

Finally, in a subset of CF patients the pathogenesis may be related to a vascular
rather than to a biliary disease. A condition of idiopathic non-cirrhotic portal hyper-
tension (INCPH) has been increasingly identified over the last few years, particu-
larly in adult patients with CF (Table 6.2), which is histologically characterized by
presinusoidal portal hypertension due to obliterative venopathy with fibrosis within
the portal vein branches [16—19].

Biopsies from CF patients with LD have also shown evidence of nodular regen-
erative hyperplasia which is a type of INCPH and may be related to recurrent vas-
cular and infectious complications and possibly drug-induced liver injury [16].

6.3 Presentation of Liver Disease

LD in CF may present at any age. Presentation in infancy, although uncommon,
may occur with a picture of neonatal cholestasis generally associated with meco-
nium ileus and total parenteral nutrition. Cholestasis usually resolves spontaneously
within the first few months of life, and only in a few cases, progression to fibrosis
and cirrhosis may occur.
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In older children, liver involvement may manifest as hepatic steatosis (often
associated to malnutrition and/or essential fatty acid deficiency), and with the
pathognomonic form of LD in CF, focal biliary cirrhosis, which may progress to
multilobular cirrhosis.

A few long-term prospective studies with careful monitoring of hepatic status
carried out two decades ago consistently indicated that LD develops generally
before puberty in around one-third of CF patients, it is often asymptomatic with a
mean age at diagnosis ranging between 7 [20] and 12 years [21], and rarely after the
age of 18 years [20-22]. Thus, LD has been considered a paediatric complication of
the disease and progression to cirrhosis and portal hypertension was described in no
more than 10% of patients, with long-term preservation of liver synthetic function
[20, 21]. In these studies, LD was defined by a variable combination of criteria
(presence of hepatomegaly on clinical examination, persistent abnormalities in liver
biochemistry as well as at ultrasonography), leading to inclusion of both early and
advanced LD with cirrhosis and portal hypertension, but excluding steatosis
[20-22].

CF patients with pancreatic insufficiency and carry mutations associated with a
severe genotype are at increased risk to develop liver disease [20, 23]. Others risk
factors are still debated, such as male sex and a history of meconium ileus [19, 20,
22, 24], a severe neonatal intestinal obstruction involving about 15% of CF new-
borns [25]. Finally, the role of genetic modifiers has been explored by a large inter-
national study in CF patients with extreme hepatic phenotype, showing that CF
patients heterozygous for the SERPINA 1 allele of alpha-1 antitrypsin are at
increased risk of developing severe LD [26]. The role of this gene has been recently
confirmed by data provided by the French CF Modifier Gene Study showing that the
cumulative incidence of severe LD by age 25 was extremely high among patients
heterozygous for the SERPINA 1 allele (47%) [19].

In contrast, LD in adult patients with CF has not been adequately characterized,
thereby resulting in high variability in the reported prevalence (ranging from 2% to
37%), age at onset and outcome [27].

A few cross-sectional studies have addressed prevalence, natural history and the
impact of LD on CF patients surviving into adulthood [24, 27, 28] and the main
available data are summarized in Table 6.3.

Development of significant liver disease seems to be infrequent in adulthood,
and most of the hepatic complications were manly observed in CF patients with LD
diagnosed in childhood. Nash et al. documented the presence of LD in about 37%
of adult patients; however, the age at diagnosis of LD was not reported; a relatively
benign course was reported in the majority of patients, probably resulting from
active and regular screening of LD with early detection of “mild” phenotypes and
no further progression due to early treatment with UDCA [27]. In the study by
Desmond et al. [28], prevalence of LD was much lower (10%), diagnosis occurred
more frequently in adulthood at a mean age of 23 years (ranging 8—47 years) and
severe liver complications were observed in more than 20% of cases.

A higher risk of liver decompensation (39%) was reported by Chryssostalis et al.
who carried out a retrospective analysis of 285 adult CF patients regularly followed:
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LD was already present at first observation at the adult centre in one-third of cases
and the presence of advanced cirrhosis was identified as an independent factor asso-
ciated with liver decompensation, early mortality and lung transplantation [24].

More recently, two other studies reported incidence of significant LD in
adulthood.

A large retrospective study by Boelle et al. evaluating 3328 CF patients born
after 1985 and enrolled in the French CF Modifier Gene Study since 2004, reported
that the cumulative incidence of liver involvement increases by approximately 1%
every year, reaching 32.2% by the age of 25 [19]. The incidence of severe LD with
cirrhosis and/or portal hypertension increased only after the age of 5, reaching 10%
by age 30.

In contrast, incidence rates in childhood were found to be significantly lower
than in prospective studies, probably due to the problematic detection of LD at an
early stage in the context of a retrospective study [19].

Evidence of a second wave of LD incidence at an average age of 37 years in adult
patients with no evidence of liver abnormalities in childhood was also provided by
Koh et al. [18], using a new diagnostic algorithm which included non-invasive liver
fibrosis biomarkers as the aspartate transaminase/platelets ratio-index (APRI), the
fibrosis index based on the 4 factors (fibrosis 4 index, FIB-4) and transient elastog-
raphy (fibroscan), in addition to serological and radiological tests [18].

This diagnostic algorithm was able to identify 25% more adult patients with LD,
also suggesting that onset in adulthood may be more frequent than previously
reported [18]. However, the pathogenesis of LD developing in adulthood may be
different from that in childhood and, to some extent, unrelated to the CF basic
defect. Adult patients may be affected by forms of the non-cirrhotic portal hyperten-
sion spectrum due to obliterative portal venopathy (Table 6.2) [19].

Moreover, Koh et al. reported cases of nodular regenerative hyperplasia possibly
related to chronic drug-induced liver injury from long-standing antibiotic use [18].

6.4  Clinical Manifestations and Natural History of LD in CF

LD is frequently asymptomatic and diagnosis may be very difficult in the early
phases. The most common presentation is the occasional detection of abnormalities
of liver biochemistry, often associated to the finding of an enlarged liver. Progression
from early asymptomatic stage (with focally distributed hepatic lesions) to cirrhosis
and PH involves less than 10% of CF patients. However, this clinical course is dif-
ficult to predict. As in other forms of LD characterized by initial involvement of the
bile ducts rather than hepatocytes liver failure, ascites and encephalopathy are rare
and late events [29]. In contrast, the hemodynamic consequences of cirrhosis are
characteristically prominent, favouring early development of PH. In patients with
INCPH, progression to end-stage LD may be even more rapid and many of the
reported cases required liver transplantation (Table 6.2).
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In a recent longitudinal study, which retrospectively collected data on the occur-
rence of portal hypertension in 577 CF patients diagnosed by neonatal screening
and followed up in two CF centres, cumulative incidence of severe liver disease was
8.8% [30].

This study showed a fourfold increase in mortality/transplant occurrence in those
with severe liver disease with PH as compared with the non-PH subgroup [30].

In the advanced stages of the LD, the most frequent complication is bleeding
from esophageal or gastric varices that may occur quite unexpectedly and lead to the
diagnosis of cirrhosis. According to Cystic Fibrosis Foundation Patient Registry
data, variceal bleeding occurred in 6.6% of 943 cirrhotic CF patients (at a mean age
of 18.1 years) in the 10-year period after the diagnosis of cirrhosis [31], and there
was a similarly low rate for other adverse liver outcomes (cumulative 10-year inci-
dence rate: liver transplant 9.9%, liver-related death 6.9%).

In cirrhotic CF patients, hypersplenism may also develop, with thrombocytope-
nia, leukopenia and massive spleen enlargement, which may cause abdominal dis-
comfort or pain.

With regard to the impact of cirrhosis and PH on CF disease, a progressive dete-
rioration of pulmonary function and nutritional status may occur in affected patients.

Several factors may contribute to lung deterioration, including development of
intrapulmonary vascular shunting, diaphragmatic splinting due to organomegaly
and presence of ascites.

Hepatopulmonary syndrome, resulting from dilatation of intrapulmonary capil-
laries with consequent right to left shunt and hypoxemia, may be more frequent than
so far reported and be underdiagnosed due to the confounding symptoms of the
coexisting chronic CF lung disease [32]. Therefore, routine screening for this com-
plication in CF patients with severe LD and PH should be accomplished. A signifi-
cant decrease in oxygen saturation (>5%) when the patient moves from the supine
to the upright position (orthodeoxia) is suggestive of the diagnosis. Proof of intra-
pulmonary capillary dilatation may be then obtained by means of contrast enhanced
(bubble) echocardiography or technetium 99-labelled macro aggregated albumin
scintigraphy [32, 33].

Deterioration of nutritional status occurs frequently in CF patients with
advanced LD. The pathogenesis is multifactorial, resulting from increased resting
energy expenditure, reduced caloric intake (due to anorexia and, in patients with
encephalopathy, to protein restriction), intestinal malabsorption related to reduced
bile flow, pancreatic insufficiency and abnormal nutrient metabolism. Hepatic
osteodystrophy and osteoporosis may also develop [34]. In addition, CF patients
with LD are at increased risk of developing diabetes due to hepatic induced insu-
lin resistance [35].

All these factors may ultimately affect survival. Studies based on Registry data
seem to confirm a higher risk for early mortality due to respiratory failure in CF
patients with cirrhosis and an approximately 10-year lower median age at
death [36].
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6.5 Diagnosis of LD

As LD in CF is usually asymptomatic, a regular monitoring of hepatic status with
accurate clinical examination, liver biochemistry and abdominal ultrasonography
(US) is essential and should be included in the routine annual monitoring since the
time of diagnosis of CF [33].

Evaluation of hepatomegaly should be carried out at each visit and should include
liver span measurement at the mid-clavicular line; the presence of splenomegaly
should also be carefully evaluated, as a first sign of PH.

A mild or intermittent increase in serum levels of transaminases and gamma-
glutamyl transferase is frequent in CF patients, but may be due to drug hepatotoxic-
ity (mostly induced by beta lactam antibiotics, quinolones and antifungal agents) or
infections. Therefore, particularly as an isolated finding, abnormal liver biochemis-
try has low sensitivity and specificity in detecting LD, even in patients who have
already developed cirrhosis.

Abnormal gamma-glutamyl transferase may be more common in cirrhotic
patients and persistently high levels have been associated with a future diagnosis of
cirrhosis within 2 years [37]. A significant drop in platelet count over time often
reflects development of PH and when <150 x 10* should require further evaluations
[38]. Coagulopathy (INR > 1.2), not corrected by parenteral vitamin K administra-
tion, and reduced serum albumin (<3 g/dL) provide evidence of hepatic decompen-
sation and, in case of a progressive deterioration, may lead to consider the option of
liver transplantation (LT).

US is the most suitable standard imaging technique in order to differentiate the
spectrum of hepatic abnormalities found in CF, including steatosis, fibrosis, cirrho-
sis, PH and biliary abnormalities (Fig. 6.1). Doppler ultrasound can provide com-
plementary information by documenting the typical abnormal hepatofugal flow
pattern of PH [39].

Fig.6.1 Magnetic resonance imaging of a 12-year-old boy with cystic fibrosis. T2 weighted axial
and coronal images in- (upper panel) and out- (lower panel) of phase show irregular margins of the
liver with a pseudo-nodular structure, fibrotic bands crossing the liver parenchyma, and spleno-
megaly. (Kindly provided by Dr Irene Borzani, Paediatric Radiology, Fondazione IRCCS Ca’
Granda; Ospedale Maggiore Policlinico)
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Abnormal liver echogenicity may precede clinical and biochemical manifesta-
tions of LD. Furthermore, US seems to be correlated with biomarkers of severity of
liver disease, such as platelet count, spleen size and non-invasive indices of liver
fibrosis [40].

Computed tomography (CT) may play a role in accurate detection of different
abdominal complications of CF; however, its employment is limited in order to
avoid an excessive radiation exposure.

Hepatic and biliary Magnetic Resonance (MR) provides high quality imaging
without radiation exposure and allows to document a variety of abnormalities that
are not shown by other non-invasive techniques [41]. MR can reveal signs of liver
dysmorphia (atrophy of hepatic lobes and/or hypertrophy of the caudate lobe, lobu-
lation of the liver surface), portal hypertension and cholangitis (abnormalities of
intra- and extrahepatic bile ducts with stenosis, rigidity, intrahepatic lithiasis). It is
also useful to differentiate between steatosis and fibrosis and for assessing the
nature of focal lesions documented by US [42].

Currently liver biopsy is not a standard practice in LD, although it may provide
important information on the type of the predominant hepatic lesion (steatosis or
focal biliary cirrhosis), the extent of portal fibrosis [43], the rate of progression of
LD and the response to therapeutic interventions. Due to the patchy distribution of
hepatic lesions, liver biopsy may underestimate its severity or even give false-
negative results. Moreover, risks costs and impossibility to perform serial measure-
ments still limit its use in CF patients. Therefore, the interest on non-invasive tools
for assessing fibrosis has progressively increased over the last years, particularly
APRI and FIB-4. In a liver biopsy-validated study involving paediatric patients,
APRI was found to be superior to FIB-4 in predicting the presence of LD and severe
fibrosis, with specific cut-off for lower stages and full agreement with histology
[44]. In addition, in the international LD genetic modifier study that involved 497
CF patients with cirrhosis and PH, both indices could identify those patients who
had developed secondary complications of PH [45].

Non-invasive diagnostic tools also include transient elastography (Fibroscan),
Acoustic Radiation Force Impulse (ARFI), and magnetic resonance elastography
that can assess the degree of fibrosis and might improve non-invasive identification
of CF patients at risk for LD and its progression [42, 46, 47].

Fibroscan, an ultrasonographic technique to evaluate liver stiffness, can provide
information on the extent of liver fibrosis and has replaced liver biopsy in several
chronic liver diseases. It is a non-invasive, rapid and reproducible tool for the detec-
tion of LD also in CF [48] and may have a potential role for identifying patients with
portal hypertension who generally have higher liver stiffness values [42].

ARFI imaging combines conventional ultrasonography with measurement of
ultrasound guided liver stiffness and shear wave velocities and may have the advan-
tage, compared to Fibroscan, not to be influenced by hepatic steatosis [46].

Finally, there is an increasing interest on serum miRNA biomarkers, i.e. short
interfering RNAs that silence gene expression at a post-transcriptional level.
Preliminary observations in 124 children with CF suggest that altered circulatory
miR-122 expression is a possible early marker of liver injury and when used in
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combination with the platelet ratio (APRI index), seem to be able to predict LD
severity [48]. However, all these procedures still need to be validated on larger num-
ber of patients.

Esophagogastroduodenoscopy is useful in detecting the presence of oesophageal
varices and portal hypertensive gastropathy and should be performed at least annu-
ally in the follow-up in subjects with PH [33].

This complication is considered clinically significant when hepatic venous pres-
sure gradient (HVPG), as an expression of intrahepatic resistance, is 10 mmHg or
more. It should be noted that INCPH could be underdiagnosed by using HVPG
because of presinusoidal aetiology of PH.

Finally, percutaneous transhepatic cholangiography and endoscopic retrograde
cholangiography (ERCP) are invasive procedures, but are still used for the investi-
gation and treatment of specific and rare conditions, such as sclerosing cholangitis,
distal stenosis of the common bile duct and choledocholithiasis [33].

6.6 Treatment Options for LD

At present, medical treatments of proven efficacy to improve and delay progression
of LD are not yet available. The only therapeutic option is the administration of
UDCA, a hydrophilic bile acid with choleretic properties. UDCA seems to reduce
bile viscosity, improve biliary secretion and modify the bile acid pool composition
by decreasing the proportion of toxic hydrophobic bile acids. UDCA has been
shown to improve liver biochemistry [49], biliary drainage at hepatobiliary scintig-
raphy [50], histopathological alterations [51], and to reduce liver stiffness in CF
patients with mild liver disease [52].

The European guidelines for the clinical management of LD recommend the use
of UDCA at a dose of 20 mg/kg/day as soon as the diagnosis is established [33].

However, the long-term effects of UDCA on clinically relevant endpoints such as
survival or liver transplantation could not be assessed in the context of randomized
controlled trials, due to the limited number of patients and the short follow-up of the
studies so far carried out [53]. In addition data from the French CF Modifier Gene
Study, although largely based on retrospective observations, have recently sug-
gested that UDCA treatment may not influence the development of severe LD with
cirrhosis and portal hypertension [19]. Further studies are therefore needed on the
real utility of this therapy.

The management of CF patients with advanced LD does not substantially differ
from other chronic hepatic conditions and includes nutritional support, treatment of
PH complications, and liver transplantation (LT) [33, 38].

Special attention should be addressed to increasing energy intake in order to
reach up to 150% of recommended dietary allowances [54], if necessary by means
of enteral feeding, as severe malnutrition itself can also favour hepatic steatosis,
whereas the use of gastrostomy is not recommended in patients with PH to avoid the
risk of gastrointestinal bleeding. Liposoluble vitamin supplementation should be
prescribed using doses and formulations effective in achieving the recommended
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ranges, whereas salt supplementation, when necessary, should be strictly monitored
to avoid the development of ascites.

With respect to treatment of PH, the indications, optimal timing and benefits of
the available treatment options have not been established. The use of beta blockers
is generally contraindicated in CF patients as they may cause bronchospasm and
oxygen desaturation.

With regard to variceal bleeding, oesophageal band ligation is preferable to
sclerotherapy, as it does not require anaesthesia and repeated antibiotic prophylaxis.
Primary prophylaxis of gastrointestinal bleeding should be considered in the pres-
ence of grade >2 (with red signs and subcardial extension) by means of band liga-
tion [32].

Symptomatic PH may be also be treated with transjugular intrahepatic portosys-
temic shunt (TIPS) [55], even if this procedure should better be considered as a
bridge to LT, in CF patients with advanced LD [56].

In the past, elective surgical portosystemic shunt was performed for refractory
bleeding in CF patients without liver failure and with severe pulmonary disease,
allowing prolonged post-operative survival [57]; complications included develop-
ment of hepatic encephalopathy, shunt thrombosis, and this procedure is presently
seldom performed. Portosystemic shunting might be preferable over transplantation
given the absence of cirrhosis and the preserved liver function in NCPH [58].

In patients with hypersplenism, total or partial splenectomy has been proposed,
alone or in association with splenorenal shunt [59, 60]; however, also these proce-
dures are presently not recommended.

Isolated liver transplantation (LT) is a well-established therapeutic option for
end-stage liver disease that confers a survival benefit in patients with cirrhosis and
those with NCPH [61]. However, selection criteria and optimal timing for LT in CF
are still debated. As previously mentioned, liver failure, the main indication for LT
in other diseases, is a late event in CF patients, who generally show long-term pres-
ervation of synthetic function. In addition to hepatic synthetic dysfunction, indica-
tions in CF have included portal hypertension and associated complications
(refractory ascites, recurrent variceal bleeding), hepatic encephalopathy, hepatore-
nal and hepatopulmonary syndrome, and portopulmonary hypertension [62]. Even
if LT has been successfully performed in CF patients with deteriorating nutritional
status [63], poor growth or nutrition secondary to liver disease are considered rela-
tively weak indications [62]. It should be noted that a rapid decline in lung function
is not considered an indication for isolated liver transplant, as a significant improve-
ment in FEV 1 post liver transplant was not consistently obtained. Absolute contra-
indications to LT include extrahepatic malignancies, uncontrolled or systemic or
pulmonary infection, active pulmonary exacerbations or venoarterial extracorporeal
membrane oxygenation, severe portopulmonary hypertension nonresponsive to
medical treatment, and multiorgan disease.

Overall, survival after isolated liver transplant in CF is lower than transplantation
undertaken for other diseases, with a 5-year survival reported in 69-75% in adults
and 74-86% in children [61]. Several complications may develop following LT,
including chronic renal failure due to the immunosuppressive drugs that may require
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further graft [64], and vascular thrombosis that represents the main cause for
retransplant [62]. Mortality is primary attributed to sepsis and progression of the
respiratory disease, rather than allograft failure.

As CF is a multisystem disease, in the setting of evaluation for liver transplanta-
tion it is important to establish whether liver transplantation alone is required or if a
multiorgan transplantation may be more appropriate, carefully evaluating the sever-
ity of pulmonary and pancreatic involvement.

It is reasonable offering an isolated liver transplant when lung disease is rela-
tively mild, with a forced vital capacity greater than 75% predicted and FEV 1
greater than 60% predicted. Currently the outcome of combined liver and lung
transplantations is becoming similar to liver transplantation alone, both in children
and adults [62-69].

A few lung transplant centres have achieved successful outcome following lung
transplantation without liver transplantation in patients with advanced LD including
portal hypertension and known varices [66].

Double liver and pancreas transplantation has been also successfully carried out
in CF patients with LD, CF-related diabetes and pancreatic insufficiency, with a
2-year survival of 88%. However, this intervention is rarely performed, despite the
potential benefit it may provide on endocrine and exocrine pancreatic functions [70].

6.7 Novel Therapies for LD in CF

Recent advances in the understanding of pathological mechanisms of CF are paving
the way to novel promising therapies. Since the pathogenetic mechanism of LD in
CF is mainly related to the basic defect, the already available CFTR modulators as
well as novel compounds under evaluation may prove to be effective in the treat-
ment and prevention of this relevant complication of CF. However, the effects of
these agents on the liver are not well characterized, since the presence of LD has
been a consistent exclusion criteria for enrolment in clinical trials so far carried out,
due to their potential hepatotoxicity [71].

Interestingly, a recent post-marketing multicentre observational study on 845
F508del homozygous patients has described the effects of treatment lumacaftor—
ivacaftor (a combination of a corrector and a potentiator of the CFTR protein),
including a subgroup of 42 CF patients (5%) with cirrhosis or portal hypertension
[72]. Overall, 154 had to discontinue treatment, of whom eight had cirrhosis and
PH. The reasons for discontinuation in cirrhotic patients were mostly extrahepatic;
only one patient showed marked liver enzyme elevation (ALT 9xN, AST 7xN) and
this also the case for another patient with biochemical liver abnormalities but no
cirrhosis.

These data suggest that lumacaftor—ivacaftor could be well tolerated in most
patients with CF-related liver disease and the effects of such treatment on LD pro-
gression could be explored [72].

Other potential treatments for CF-associated LD include novel therapeutic agents
such as nor-ursodeoxycholic acid (a side chain-shortened homologue of UDCA,
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that does not undergo a full enterohepatic cycle but is passively absorbed from chol-
angiocytes, generating a HCOs-rich hypercholeresis), and obeticholic acid (a selec-
tive farnesoid-X-receptor agonist that is able to increase bile flow in cholestatic
conditions), that may have potential clinical benefit [62]. No data are presently
available for CF patients.

6.8 Conclusions

The interest for LD in CF has progressively increased over the last decades, and
prospective studies have provided reliable information on the natural history, risk
factors and outcome. However, its characteristics in adult patients should be further
defined, the diagnostic definition remains controversial and alternative algorithms
are under evaluation in order to ensure harmonized international data [73]. Another
important issue relates to identification of risk factors and biomarkers for progres-
sion of this important comorbidity of CF.

One of the greatest challenges in the management of patients in the early stage of
LD in CF is to prevent the progression of fibrosis and further evolution to cirrhosis.
For these patients, UDCA has been so far the only available therapy; however, there
is no evidence of its efficacy in halting the progression to more severe LD. Long-
term prospective studies involving large number of patients with clinically relevant
endpoints, such as occurrence of severe LD with PH, need of liver transplantation
and survival, are required to draw definitive conclusions about the clinical benefits
of UDCA as well as of any other novel treatments of LD in CF.

References

1. Bell SC, et al. The future of cystic fibrosis care: a global perspective. Lancet Respir Med.
2020:8(1):65-124.

2. Collawn JF, Matalon S. CFTR and lung homeostasis. Am J Phys Lung Cell Mol Phys.
2014;307(12):L917-23.

3. Cystic Fibrosis Foundation. Cystic Fibrosis Foundation patient registry. Annual data report
2018. Bethesda, MD: Cystic Fibrosis Foundation; 2018.

4. Cohn JA, Strong T, Picciotto MR, et al. Localization of the cystic fibrosis transmembrane con-
ductance regulator in human bile duct epithelial cells. Gastroenterology. 1993;105(6):1857—-64.

5. Martinez-Ansoé E, Castillo JE, Diez J, Medina JF, Prieto J. Immunohistochemical detection of
chloride/bicarbonate anion exchangers in human liver. Hepatology. 1994;19(6):1400-6.

6. Flass T, Narkewicz MR. Cirrhosis and other liver disease in cystic fibrosis. J Cyst Fibros.
2013;12(2):116-24.

7. Lazaridis KN, Strazzabosco M, Larusso N. The cholangiopathies: disorders of biliary epithe-
lia. Gastroenterology. 2004;127:1565-77.

8. Staufer K, Halilbasic E, Trauner M, Kazemi-Shirazi L. Cystic fibrosis related liver disease-
-another black box in hepatology. Int J Mol Sci. 2014;15(8):13529-49.

9. Rogers GB, Narkewicz MR, Hoffman LR. The CF gastrointestinal microbiome: structure and
clinical impact. Pediatr Pulmonol. 2016;51(S44):S35-44.

10. Hallberg K, Grzegorczyk A, Larson G, Strandvik B. Intestinal permeability in cystic fibrosis in

relation to genotype. J Pediatr Gastroenterol Nutr. 1997;25(3):290-5.



110

C.Colombo et al.

11.

12.

13.

14.

15.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Demeyer S, De Boeck K, Witters P, Cosaert K. Beyond pancreatic insufficiency and liver dis-
ease in cystic fibrosis. Eur J Pediatr. 2016;175(7):881-94.

Werlin SL, Benuri-Silbiger I, Kerem E, et al. Evidence of intestinal inflammation in patients
with cystic fibrosis. J Pediatr Gastroenterol Nutr. 2010;51(3):304-8.

Manor O, Levy R, Pope C, et al. Metagenomic evidence for taxonomic dysbiosis and functional
imbalance in the gastrointestinal tracts of children with cystic fibrosis. Sci Rep. 2016;6:22493.
Schippa S, Iebba V, Santangelo F, et al. Cystic fibrosis transmembrane conductance regulator
(CFTR) allelic variants relate to shifts in faecal microbiota of cystic fibrosis patients. PLoS
One. 2013;8:e61176.

Flass T, Tong S, Frank DN, et al. Intestinal lesions are associated with altered intestinal micro-
biome and are more frequent in children and young adults with cystic fibrosis and cirrhosis.
PLoS One. 2015;10:e0116967.

. Hillaire S, Cazals-Hatem D, Bruno O, de Miranda S, Grenet D, Poté N, Soubrane O, Erlinger

S, Lacaille F, Mellot F, Vilgrain V, Paradis V. Liver transplantation in adult cystic fibrosis:
clinical, imaging, and pathological evidence of obliterative portal venopathy. Liver Transpl.
2017;23(10):1342-7.

. Witters P, Libbrecht L, Roskams T, et al. Liver disease in cystic fibrosis presents as non-

cirrhotic portal hypertension. J Cyst Fibros. 2017;16:e11-3.

. Koh C, Sakiani S, Surana P, Zhao X, Eccleston J, Kleiner DE, et al. Adult-onset cystic fibro-

sis liver disease: diagnosis and characterization of an underappreciated entity. Hepatology.
2017;66(2):591-601.

. Boélle PY, Debray D, Guillot L, Clement A, Corvol H, French CF, Modifier Gene Study

Investigators. Cystic fibrosis liver disease: outcomes and risk factors in a large cohort of french
patients. Hepatology. 2019;69(4):1648-56.

Colombo C, Battezzati PM, Crosignani A, et al. Liver disease in cystic fibrosis: a prospective
study on incidence, risk factors, and outcome. Hepatology. 2002;36(6):1374-82.

Lindblad A, Glaumann H, Strandvik B. Natural history of liver disease in cystic fibrosis.
Hepatology. 1999;30(5):1151-8.

Lamireau T, Monnereau S, Martin S, et al. Epidemiology of liver disease in cystic fibrosis: a
longitudinal study. J Hepatol. 2004;41(6):920-5.

Wilschanski M, Rivlin J, Cohen S, et al. Clinical and genetic risk factors for cystic fibrosis-
related liver disease. Pediatrics. 1999;103(1):52-7.

Chryssostalis A, Hubert D, Coste J, Kanaan R, Burgel PR, Desmazes-Dufeu N, Soubrane
O, Dusser D, Sogni P. Liver disease in adult patients with cystic fibrosis: a frequent and
independent prognostic factor associated with death or lung transplantation. J Hepatol.
2011;55(6):1377-82.

Norsa L, Nicastro E, Di Giorgio A, Lacaille F, D’ Antiga L. Prevention and treatment of intes-
tinal failure-associated liver disease in children. Nutrients. 2018;10(6):664.

Bartlett JR, Friedman KJ, Ling SC, Pace RG, Bell SC, Bourke B, Castaldo G, Castellani C,
Cipolli M, Colombo C, et al. Gene Modifier Study Group. Genetic modifiers of liver disease in
cystic fibrosis. JAMA. 2009;302(10):1076-83.

Nash KL, Allison ME, McKeon D, Lomas DJ, Haworth CS, Bilton D, Alexander GJ. A sin-
gle centre experience of liver disease in adults with cystic fibrosis 1995-2006. J Cyst Fibros.
2008;7(3):252-7.

Desmond CP, Wilson J, Bailey M, Clark D, Roberts SK. The benign course of liver disease in
adults with cystic fibrosis and the effect of ursodeoxycholic acid. Liver Int. 2007;27(10):1402-8.
Melzi ML, Kelly DA, Colombo C, et al. Liver transplant in cystic fibrosis: a poll among
European centers. A study from the European Liver Transplant Registry. Transpl Int.
2006;19(9):726-31.

Cipolli M, Fethney J, Waters D, Zanolla L, Meneghelli I, Shoma D, Assael Baroukh M, Gaskin
KIJ. Occurrence, outcomes and predictors of portal hypertension in cystic fibrosis: a longitudi-
nal prospective birth cohort study. J Cyst Fibros. 2020;19(3):455-9.

Ye W, Narkewicz MR, Leung DH, Karnsakul W, Murray KF, Alonso EM, Magee JC,
Schwarzenberg SJ, Weymann A, Molleston JP, CFLD Net Research Group. Variceal hemorrage



Liver Disease in Cystic Fibrosis m

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

and adverse liver outcomes in patients with Cystic Fibrosis cirrhosis. J Pediatr Gastroenterol
Nutr. 2018;66:122-7.

Breuer O, Shteyer E, Wilschanski M, Perles Z, Cohen-Cymberknoh M, Kerem E, Shoseyov
D. Hepatopulmonary syndrome in patients with Cystic Fibrosis and liver disease. Chest.
2016;149(2):e35-8.

Debray D, Kelly D, Houwen R, Strandvik B, Colombo C. Best practice guidance for the diag-
nosis and management of cystic fibrosis-associated liver disease. J Cyst Fibros. 2011;10(Suppl
2):529-36.

Bianchi M, Romano G, Saraifoger S, Costantini D, Limonta C, Colombo C. BMD and body
composition in children and young patients affected by cystic fibrosis. ] Bone Miner Res.
2006;21(3):388-96.

Minicucci L, Lorini R, Giannattasio A, Colombo C, Iapichino L, Reali MF, Padoan R, Calevo
MG, De Alessandri A, Haupt R. Liver disease as risk factor for cystic fibrosis-related diabetes
development. Acta Paediatr. 2007;96(5):736-9.

Pals FH, Verkade HJ, Gulmans VAM, et al. Cirrhosis associated with decreased survival and a
10-year lower median age at death of cystic fibrosis patients in the Netherlands. J Cyst Fibros.
2019;18(3):385-9.

Bodewes FA, van der Doef HP, Houwen RH, Verkade HJ. Increase of serum
v-glutamyltransferase associated with development of cirrhotic cystic fibrosis liver disease. J
Pediatr Gastroenterol Nutr. 2015;61(1):113-8.

Leung DH, Narkewicz MR. Cystic fibrosis-related cirrhosis. J Cyst Fibros. 2017;16(Suppl
2):S50-61.

Kondo T, Maruyama H, Sekimoto T, et al. Reversed portal flow: clinical influence on the long-
term outcomes in cirrhosis. World J Gastroenterol. 2015;21(29):8894-902.

Ling SC, Ye W, Leung DH, et al. Liver ultrasound patterns in children with cystic fibrosis cor-
relate with noninvasive tests of liver disease. J Pediatr Gastroenterol Nutr. 2019;69(3):351-7.
Durieu I, Pellet O, Simonot L, Durupt S, Bellon G, Durand DV, Minh VA. Sclerosing cholan-
gitis in adults with cystic fibrosis: a magnetic resonance cholangiographic prospective study. J
Hepatol. 1999;30(6):1052-6.

Lemaitre C, Dominique S, Billoud E, et al. Relevance of 3D cholangiography and transient elas-
tography to assess cystic fibrosis-associated liver disease. Can Respir J. 2016;2016:4592702.
Lewindon PJ, Shepherd RW, Walsh MJ, et al. Importance of hepatic fibrosis in cystic fibrosis
and the predictive value of liver biopsy. Hepatology. 2011;53(1):193-201.

Leung DH, Khan M, Minard CG, Guffey D, Ramm LE, Clouston AD, Miller G, Lewindon
PJ, Shepherd RW, Ramm GA. Aspartate aminotransferase to platelet ratio and fibrosis-
4 as biomarkers in biopsy validated pediatric cystic fibrosis liver disease. Hepatology.
2015;62:1576-83.

Stonebraker JR, Ooi CY, Pace RG, Corvol H, Knowles MR, Durie PR, Ling SC. Features of
severe liver disease with portal hypertension in patients with cystic fibrosis. Clin Gastroenterol
Hepatol. 2016;14(8):1207-15.

Friedrich-Rust M, Schlueter N, Smaczny C, Eickmeier O, Rosewich M, Feifel K, Herrmann
E, Poynard T, Gleiber W, Lais C, Zielen S, Wagner TO, Zeuzem S, Bojunga J. Non-invasive
measurement of liver and pancreas fibrosis in patients with cystic fibrosis. J Cyst Fibros.
2013;12(5):431-9.

Gominon AL, Frison E, Hiriart JB, Vergniol J, Clouzeau H, Enaud R, Bui S, Fayon M, de
Ledinghen V, Lamireau T. Assessment of liver disease progression in cystic fibrosis using
transient elastography. J Pediatr Gastroenterol Nutr. 2018;66(3):455-60.

Calvopina DA, Chatfield MD, Weis A, et al. MicroRNA sequencing identifies a serum
microRNA panel, which combined with aspartate aminotransferase to platelet ratio index can
detect and monitor liver disease in pediatric cystic fibrosis. Hepatology. 2018;68(6):2301-16.
Colombo C, Battezzati PM, Podda M, Bettinardi N, Giunta A. Ursodeoxycholic acid for liver
disease associated with cystic fibrosis: a double-blind multicenter trial. The Italian Group for
the Study of Ursodeoxycholic Acid in Cystic Fibrosis. Hepatology. 1996;23(6):1484-90.



112

C.Colombo et al.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Colombo C, Castellani MR, Balistreri WF, et al. Scintigraphic documentation of an improve-
ment in hepatobiliary excretory function after treatment with ursodeoxycholic acid in patients
with cystic fibrosis and associated liver disease. Hepatology. 1992;15(4):677-84.

Lindblad A, Glaumann H, Strandvik B. A two-year prospective study of the effect of ursode-
oxycholic acid on urinary bile acid excretion and liver morphology in cystic fibrosis-associated
liver disease. Hepatology. 1998;27(1):166-74.

Van der Feen C, van der Doef HPJ, van der Ent CK, Houwen RHJ. Ursodeoxycholic acid treat-
ment is associated with improvement of liver stiffness in cystic fibrosis patients. J Cyst Fibros.
2016;15(6):834-8.

Cheng K, Ashby D, Smyth R. Ursodeoxycholic acid for cystic fibrosis-related liver disease.
Cochrane Database Syst Rev. 2017;9:CD000222.

Turck D, Braegger CP, Colombo C, et al. ESPEN-ESPGHAN-ECFS guidelines on nutrition
care for infants, children, and adults with cystic fibrosis. Clin Nutr. 2016;35(3):557-77.
Pozler O, Krajina A, Vanicek H, et al. Transjugular intrahepatic portosystemic shunt in five
children with cystic fibrosis: long-term results. Hepato-Gastroenterology. 2003;50(52):1111-4.
Ledder O, Haller W, Couper RTL, Lewindon P, Oliver M. Cystic fibrosis: an update for
clinicians. Part 2: Hepatobiliary and pancreatic manifestations. J Gastroenterol Hepatol.
2014;29:1954-62.

Debray D, Lykavieris P, Gauthier F, Dousset B, Sardet A, Munck A, Laselve H, Bernard
0. Outcome of cystic fibrosis-associated liver cirrhosis: management of portal hypertension. J
Hepatol. 1999;31(1):77-83.

Lupi A, Barbiero G, Battistel M, Ferrarese A, Loy M, Feltracco P, Stramare R, Burra P, Senzolo
M. Transjugular intrahepatic portosystemic shunt in non-cirrhotic portal hypertension related
to cystic fibrosis in a lung transplant patient. J Cyst Fibros. 2020;

Linnane B, Oliver MR, Robinson PJ. Does splenectomy in cystic fibrosis related liver disease
improve lung function and nutritional status? A case series. Arch Dis Child. 2006;91(9):771-3.
Louis D, Duc ML, Reix P, Chazalette JP, Durieu I, Feigelson J, Bellon G. Partial splenec-
tomy for portal hypertension in cystic fibrosis related liver disease. Pediatr Pulmonol.
2007;42(12):1173-80.

Morrell MR, Kiel SC, Pilewski JM. Organ transplantation for cystic fibrosis. Semin Respir
Crit Care Med. 2019;40(6):842-56.

Freeman AJ, Sellers ZM, Mazariegos G, et al. A multidisciplinary approach to pretransplant
and posttransplant management of cystic fibrosis-associated liver disease. Liver Transpl.
2019;25(4):640-57.

Colombo C, Costantini D, Rocchi A, et al. Effects of liver transplantation on the nutritional
status of patients with cystic fibrosis. Transpl Int. 2005;18(2):246-55.

Nash KL, Collier JD, French J, et al. Cystic fibrosis liver disease: to transplant or not to trans-
plant? Am J Transplant. 2008;8(1):162-9.

Molmenti EP, Squires RH, Nagata D, et al. Liver transplantation for cholestasis associated
with cystic fibrosis in the pediatric population. Pediatr Transplant. 2003;7(2):93-7.

Nash EF, Volling C, Gutierrez CA, Tullis E, et al. Outcomes of patients with cystic fibrosis
undergoing lung transplantation with and without cystic fibrosis-associated liver cirrhosis.
Clin Transpl. 2012;26:34-41.

Dowman JK, Watson D, Loganathan S, et al. Long-term impact of liver transplantation on
respiratory function and nutritional status in children and adults with cystic fibrosis. Am J
Transplant. 2012;12(4):954-64.

Black SM, Woodley FW, Tumin D, Mumtaz K, Whitson BA, Tobias JD, Hayes D Jr. Cystic fibro-
sis associated with worse survival after liver transplantation. Dig Dis Sci. 2016;61(4):1178-85.
Desai CS, Gruessner A, Habib S, Gruessner R, Khan KM. Survival of cystic fibrosis patients
undergoing liver and liver-lung transplantations. Transplant Proc. 2013;45(1):290-2.

Usatin DJ, Perito ER, Posselt AM, Rosenthal P. Under utilization of pancreas transplants in
cystic fibrosis recipients in the United Network Organ Sharing (UNOS) data 1987-2014. Am J
Transplant. 2016;16(5):1620-5.



Liver Disease in Cystic Fibrosis 113

71.

72.

73.

74.

75.

76.

Colombo C. Mutation-targeted personalised medicine for cystic fibrosis. Lancet Respir Med.
2014;2(11):863-5.

Burgel PR, Munck A, Durieu I, Chiron R, Mely L, Prevotat A, Murris-Espin M, Porzio M,
Abely M, Reix P, Marguet C, Macey J, Sermet-Gaudelus I, Corvol H, Bui S, Lemonnier L,
Dehillotte C, Da Silva J, Paillasseur JL, Hubert D, French Cystic Fibrosis Reference Network
Study Group. Real-life safety and effectiveness of lumacaftor-ivacaftor in patients with cystic
fibrosis. Am J Respir Crit Care Med. 2020;201(2):188-97.

Debray D, Narkewicz MR, Bodewes FAJA, Colombo C, Housset C, de Jonge HR, Jonker JW,
Kelly DA, Ling SC, Poynard T, Sogni P, Trauner M, Witters P, Baumann U, Wilschanski M,
Verkade HJ. Cystic fibrosis-related liver disease: research challenges and future perspectives.
J Pediatr Gastroenterol Nutr. 2017;65(4):443-8.

Witters P, Libbrecht L, Roskams T, Boeck KD, Dupont L, Proesmans M, Vermeulen F, Strandvik
B, Lindblad A, Stéphenne X, Sokal E, Gosseye S, Heye S, Maleux G, Aerts R, Monbaliu D,
Pirenne J, Hoffman I, Nevens F, Cassiman D. Noncirrhotic presinusoidal portal hypertension
is common in cystic fibrosis-associated liver disease. Hepatology. 2011;53(3):1064-5.

Wu H, Vu M, Dhingra S, Ackah R, Goss JA, Rana A, Quintanilla N, Patel K, Leung
DH. Obliterative portal venopathy without cirrhosis is prevalent in pediatric cystic fibrosis
liver disease with portal hypertension. Clin Gastroenterol Hepatol. 2019;17(10):2134-6.
Scott-Jupp R, Lama M, Tanner MS. Prevalence of liver disease in cystic fibrosis. Arch Dis
Child. 1991;66(6):698-701.



()

Check for
updates

Low Phospholipid-Associated 7
Cholelithiasis (LPAC)

Annarosa Floreani and Christophe Corpechot

7.1 Introduction

Low phospholipid-associated cholelithiasis (LPAC), synonym gallbladder disease
1, OMIN #600803, has been described firstly in 2001 as “intrahepatic and gallblad-
der cholesterol-cholelithiasis” due to a mutation of the ABCB4 gene which codes
for protein MDR3 [1, 2]. It was later defined as a clinical syndrome characterized
by at least two of the following criteria: (1) Age below 40 years at the onset of
symptoms; (2) Recurrence of pain after cholecystectomy; (3) Intrahepatic echo-
genic foci or microlithiasis [3] (Fig. 7.1). There was also noticed a history of gall-
stones in first-degree relatives [2].

This is a rare condition, but it must be suspected in all cases of juvenile chole-
lithiasis. In fact, initially it had been considered responsible for less than 5% of
symptomatic cases of gallstones [2, 4]. More recently it has been shown that
LPAC affects up to 25% of women under 30 years of age with symptomatic cho-
lelithiasis [5].
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Fig. 7.1 T2w Magnetic Resonance Cholangiography: multiple calculi within dilatations of intra-
hepatic biliary ducts in the right lobe and a pre-papillary common bile duct stone

7.2 Genetics

LPAC syndrome is associated with mutation of the ABCB4 gene located on chromo-
some 7, locus 21 (7q21) which codes for protein MDR3 [1, 3]. MDR3 is a phospho-
lipid floppase responsible for transport of phospholipids into bile. As consequence
of the altered gene product a reduced concentration of phospholipids is present into
bile, thus a decreased amount of phosphatidylcholine is excreted in the bile cana-
liculi. In the absence of phosphatidylcholine there is an impaired solubilization of
cholesterol through the micelles which become unstable. As consequence, the cho-
lesterol precipitates and forms calculi.

Indeed, the reduced concentration of phosphatidylcholine is responsible for the
development of a wide range of cholangiopathies, from infancy to the adulthood
(Table 7.1). The typical hallmarks of this disorder in infancy include high levels of
gamma-glutamyl-transferase (GGT) and the typical markers of cholestasis [6—8]. It
is noteworthy that hepatocellular carcinoma and intrahepatic cholangiocarcinoma
have been documented in patients with ABCB4/MDR3 mutations. [9].

In a study including 156 patients with LPAC, a genetic variant of ABCB4 gene
was only found in 50% of cases; clinical features were similar in the groups with
and without these variants, suggesting that unexplored regions of the gene or differ-
ent genes could be involved [10]. Mutations are mostly heterozygous frameshift,
nonsense or missense, but homozygous missense mutations have also been reported.
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Table 7.1 Disease spectrum of MDR3 mutations

Childhood

* Neonatal cholestasis

* Progressive Familial Intrahepatic Cholestasis 3 (PFIC3)
Adulthood

* Low phospholipid-associated cholelithiasis (LPAC)

* Intrahepatic cholestasis of pregnancy (ICP)

* Drug-induced cholestasis

* Progressive Familial Intrahepatic Cholestasis 3 (PFIC3)

Indeed, a heterozygous ABCB4 mutation has been detected in a woman who devel-
oped choledocholithiasis in adolescence, followed by cholestasis of pregnancy, and
finally biliary cirrhosis at the age of 47 [11]. LPAC has also been described in two
siblings with combined features with progressive familial intrahepatic cholestasis
(PFIC) 3 [12]. However, the association between LPAC and biliary cirrhosis is rare,
and patients presenting with the LPAC phenotype are not at particular risk of devel-
oping biliary cirrhosis later in adulthood.

Several hypotheses have been suggested to explain the lack of mutations in
ABCB4 gene in patients with LPAC [13]: (1) Mutation in unexplored region of a
gene (introns); (2) Mutation on a gene promoter; (3) Mutation in a regulatory region;
(4) Mutation of another gene or another biliary carrier (ABCBI1 or BSEP, ABCC2,
ABCG5/ABCGS, etc.); (5) Synonymous mutation influencing production or regula-
tion of the gene.

7.3 Clinical Characteristics

LPAC syndrome affects generally young adults, with a female/male ratio of 3:1
[10]. In the large French cohort of 156 patients, the mean age at the onset of symp-
toms was 38.7 years for men and 29.1 years for women [10]. The onset in childhood
and adolescence is quite uncommon [14]. The biliary stones present in LPAC syn-
drome are yellow and saturated with cholesterol in consequence of the elevated
cholesterol/phospholipid ratio in the bile. By comparison, gallstone disease is fre-
quent as high as 10% in the general population, with a prevalence rate >50% at
50 years of age in both men and women (Table 7.2, ref. 15). Gallstone disease is
frequently associated to metabolic syndrome, and the rate of gallstone disease
increases with advancing age, and in 20% of cases there are symptoms of disease or
complications [15].

The clinical hallmark of LPAC syndrome is biliary pain leading to cholecystec-
tomy in 90% of cases [3], due to residual intrahepatic lithiasis, Oddi dysfunction, or
residual lithiasis in the common bile duct. After cholecystectomy there is also a
recurrence of acute cholangitis, or pancreatitis, due to intrahepatic lithiasis or lithia-
sis migration [3]. Indeed, intrahepatic lithiasis can predispose to recurrent cholangi-
tis and eventually to secondary biliary cirrhosis as a consequence of the aggression
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Table 7.2 Clinical characteristics of LPAC syndrome in comparison with classical gall-

stone disease

LPAC syndrome

Classical gallstone
disease

Age at onset of symptoms

Before 30 years

After 45 years

Associate conditions Conditions linked to ABCB4 Metabolic
mutations syndrome
Female/male ratio 3:1 1.5:1

Family history Symptomatic intrahepatic Gallstones frequent
lithiasis in first-degree relatives in relatives

Imaging Gallstones and intrahepatic Gallstones
lithiasis

Intrahepatic cholestasis of 50% of cases Rare

pregnancy (female patients)

Complications (pancreatitis, Frequent Rare

cholangitis, migration of calculi)

Recurrence of pain after Frequent Very rare

cholecystectomy

of hydrophobic bile acids [3, 10, 16]. The differential diagnosis includes congenital
abnormalities of the biliary tree, i.e. Caroli disease, primary and secondary scleros-
ing cholangitis, and cholangiocarcinoma.

About 50% of women with LPAC syndrome who became pregnant do experi-
ence intrahepatic cholestasis of pregnancy (ICP) [10]. This condition is character-
ized by cholestasis, itching, and altered liver function tests mostly in the third
trimester of pregnancy [17]. Another possible association is the drug-induced
cholestasis following administration of amoxicillin, clavulanic acid, and risperi-
done [18]. Moreover, patients with a MDR3 mutation have a threefold increased
risk of cholestatic drug-induced liver damage from oral contraceptives, psycho-
tropic drugs, proton-pump inhibitors, and some antibiotics [18]. The phenotype of
PFIC3 rarely associated with LPAC is caused by several biallelic variations
(=70% missense) [19].

7.4 Diagnosis

Ultrasound examination may detect gallstones and intrahepatic stones that appear as
heterogeneous and echoic foci centred on the intrahepatic ducts, or as “comet-tail
artefact” [20]. Magnetic resonance cholangiopancreatography (MRCP) shows the
presence of intrahepatic stones and eventually, mild or moderate dilations. Such
dilations may be present in one or two segments, or may be diffuse.

To confirm the diagnosis, ABCB4 genotyping is recommended in the index case
and in the first-degree relatives.
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7.5 Treatment

Standard therapy consists in ursodeoxycholic acid (UDCA) administration
(13-15 mg/kg/day) which is beneficial for symptoms of disease. UDCA has several
mechanisms of action including (1) protection of injured cholangiocytes against
toxic effect of bile acids; (2) stimulation of impaired biliary secretion; (3) stimula-
tion of detoxification of hydrophobic bile acids; (4) inhibition of apoptosis of hepa-
tocytes [21]. Actually, no further agent is recommended in the management of
LPAC. Nevertheless, on the experimental point of view two new medications might
be used in the future for this condition. Interestingly, 24-ursodeoxycholic acid (nor-
UDCA), a derivative of UDCA has been found highly effective in the mouse model
of knockout mice (Abch47~) that closely reproduce the human cholangiopathies,
such as PFIC3 and primary sclerosing cholangitis (PSC); in such animal model it
has been shown to have superior anti-inflammatory, anti-fibrotic, and anti-
proliferative effects compared to UDCA [22]. Recently, nor-UDCA has been suc-
cessfully tested clinically in patients with PSC [23], thus it might have a potential
indication also for patients with LPAC. Moreover, an engineered fibroblast growth
factor 19 (FGF19), variant NGM282 has been assayed in murine model deficient in
Mdr2 [24]. This agent produced remarkable effects on liver enzymes, liver histol-
ogy, and bile acid homeostasis. Up to now, the engineered NGM?282 has been tested
in a phase 3 clinical trial for primary biliary cholangitis [25] but has a potential
background to be translated also to patients with LPAC.

Cholecystectomy is indicated in case of symptomatic gallstones. However, bile
stone recurs in many cases after cholecystectomy, thus endoscopic retrograde cholan-
giopancreatography (ERCP) should be performed. Moreover, rarely major liver sur-
gery should be performed. The surgical approach for intrahepatic calculi should be
individualized. Due to the expected need for long-term access to the intrahepatic biliary
ducts, procedures such as hepatic-cutaneous jejunostomy with subcutaneous access
loop have been proposed [26]. In case of complications, i.e. hepatic atrophy, abscesses,
large intrahepatic stones, and malignancy, surgical resection may be appropriate.
Patients with end-stage liver disease may be candidates for liver transplantation.
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Annarosa Floreani

8.1 Introduction

Primary biliary cholangitis (PBC), formerly known as primary biliary cirrhosis, is a
chronic cholestatic liver disease firstly described by Addison and Gull in 1851 [1].
It is a chronic progressive liver disease characterized by chronic cholestasis, which
can lead to cirrhosis, liver failure, and death. PBC involves predominantly females
with a female/male (F/M) ratio of 9:1 [2]. This F/M ratio has been described in
several series of patients, unless, more recently, it has been observed more incident
cases of males with PBC (Table 8.1, [3—12]). Unless the majority of the recent stud-
ies have been performed with administrative data, the F/M ratio tends to be lower
than previously reported. Patients are typically diagnosed in their 50s, but the dis-
ease can affect patients as young as 20, as well as very old patients. Epidemiological
studies across North America, Europe, Asia, and Australia showed an estimated
incidence of 0.9-5.8 per 100,000 per year. The prevalence is variable between 2 and
58 patients per million people; there are wide geographical differences, however
(Table 8.2, [6, 12-15]).

PBC is considered an autoimmune disease. In favor of this hypothesis, there are
the following evidences: (a) a nearly specific association with antimitochondrial
antibodies (AMA), which are present in 95% of cases; (b) the strong association
with other autoimmune diseases, such as Sjogren’s syndrome, Hashimoto thyroid-
itis, rheumatoid arthritis, etc. The cons to the autoimmune theory are: (a) the lack of
response to immunosuppressive treatment; (b) the geographical clustering suggest-
ing either environmental factors or infectious diseases; (c) a genetic predisposition
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Table 8.1 F:M ratio in PBC cohorts after 2000

Author Year | Country No. of patients | F:-M Methodology
Prince [3] 2001 UK 770 8:1 Case finding

Sood [4] 2004 Australia 249 9:1 Case finding
Sakauchi [5] | 2005 Japan 9761 9:1 Case finding

Myers [6] 2009 | Canada 137 5:1 Administrative data
Floreani [7] 2011 | Italy 327 17:1 Prospective cohort
Lleo [8] 2011 Italy (Lombardy) | 2970 2.3:1 | Administrative data
Lleo [8] 2011 Denmark 722 4.2:1 Administrative data
Kanth [7] 2017 USA 71 19:1 Case finding

Lu [8] 2018 USA 3408 3.9:1 Data records
Marschall [9] | 2019 Sweden 5350 4:1 Administrative data
Marzioni 2019 | Italy 412 4.5:1 | Datarecords

[11]

Table 8.2 Prevalence and incidence of PBC in study populations reported after 2000

Prevalence per Incidence per

Author Country | Period million million Method

Myers [6] Canada | 1996- 100-227 30.3 Population-
2002 based

Marschall [12] | Sweden | 1987— 50-346 26 Case finding
2014

Baldursdottir | Iceland | 1991— 3.83 0.24-0.34 Case finding

[13] 2010

Pla [14] Spain 1990— 195 17.2 Case finding
2002

Delgado [15] Israel 1990- 225 10-20 Case finding
2010

[16]. Although the etiology remains unknown, the pathogenesis consists of a com-
plex immune mediate process resulting from a genetic susceptibility and a number
of trigger factors, which are unknown. Indeed, PBC can be triggered by an immune-
mediated response to an autoantigen, which leads to a progressive destruction of
bile ducts, chronic cholestasis, and eventually progressive fibrosis with cirrhosis
and portal hypertension. Due to the lack of tolerance, bile epithelial cells become
antigen-presenting cells for the immunologic attack by CD4* and CD8* lympho-
cytes. Intracellular adhesion molecules are strongly expressed on cholangiocytes
and also salivary and lacrimal gland epithelial cells, suggesting a common patho-
genic mechanism. Moreover, a dysregulation of apoptosis can lead to loss of toler-
ance and to the development of autoimmune reaction: (a) throughout the
enhancement of inflammatory response; (b) triggering autoimmunity due to an
abnormal presentation of autoantigens by the apoptotic fragments; (c) interfering
with the recruitment of lymphocytes.

A number of xenobiotics, microbial antigens, and a variety of chemical products
(i.e., hair dye, nail polish) have been hypothesized as exogenous proteins acting
through the mechanisms of molecular mimicry to trigger the immune-mediated
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damage on biliary epithelial cells [17]. Among those: Escherichia coli,
Novosphingobium aromaticivorans, Borrelia burgdoferi, Mycobacterium gordo-
nae, Pseudomonas aeruginosa, which have been shown a shared sequence homol-
ogy, with a cross reactivity by autoantibodies against the pyruvate dehydrogenase
complex-E2 (the most important epitope of AMA). Moreover, another pathogenic
mechanism exploring the cholangiocyte damage has been explored, that is, a defect
in the “biliary umbrella” under physiological conditions is responsible for the
exchange of CI~ and HCO;~ and maintains an intact glycocalyx [18]. Indeed, the
“biliary umbrella” acts as a protection against the toxic hydrophobic bile acid
monomers that are present in human bile. In PBC, a reduced expression of the anion
exchanger 2 (AE2), which is responsible for CI7/HCO;~ exchange, has been
observed, leading to a toxic composition of bile. This, in turn, causes an enhanced
vulnerability of cholangiocytes and periportal hepatocytes toward the attack of
hydrophobic bile acids.

8.2  Diagnosis

PBC should be suspected in patients with biochemical signs of cholestasis, particu-
larly with abnormal serum alkaline phosphatase (ALP), even in absence of specific
symptoms, namely, pruritus or fatigue. Pruritus typically affects patients with PBC
in a rate ranging between 40 and 80% with an increased perception toward the after-
noon and night. Women in fertile age report itching before menstruation. In fact,
estrogen receptors are located on keratinocytes and may influence changes in skin
hydration and collagen composition as well; moreover, estrogens may influence pH
changes leading to the activation of the proteinase-activated receptor-2, a well-
known itch mediator [19]. Fatigue is a nasty symptom, only partially understood.
Several factors can be responsible for fatigue, including: autonomic dysfunction,
peripheral muscle dysfunction, central cerebral abnormalities, progesterone metab-
olites, and increase in different cytokines and adipokines (IL6, IL18, leptin, r-HT)
[20]. Fatigue may be assayed by specific questionnaires: fatigue impact scale,
PBC-40, and fatigue severity score. A patient with PBC may present at physical
examination signs of cholestasis: skin lipid deposits (xanthomata and periorbital
xanthelasmas), cracked skin, and hyperpigmentation. At least 60% of patients can
also present an associated extrahepatic condition with typical signs: dry eyes,
CREST syndrome, clubbing of the fingers, and Raynaud phenomenon. Very few
cases can present initially with symptoms of end-stage liver disease, particularly
with conditions related to portal hypertension.

8.2.1 Biochemistry
Serological tests of cholestasis include increase in ALP and gamma-glutamy] trans-

peptidase, and later in the course of the disease, conjugated hyperbilirubinemia.
Elevation of IgM is also important for autoimmune cholangiopathies: as in primary
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sclerosing cholangitis, an increase in serum IgM can be observed in more than 50%
of cases. Serum transaminases are usually only slightly elevated, except in the vari-
ant of the overlap syndrome with autoimmune hepatitis, in which serum transami-
nases are often upper than five times the normal range. Serum cholesterol is often
increased due to cholestasis; the lipid profile in PBC is characterized by hypercho-
lesterolemia with normal LDL and HDL cholesterol, whereas the “atherosclerotic
profile” (high LDL and low HDL cholesterol) may be associated in patients with
PBC and metabolic syndrome.

The hallmark of the disease is the positivity of AMA, which can be detected by
immunofluorescence (IF) or ELISA, and is present in 95% of patients with
PBC. AMA can be associated to other nonorgan-specific autoantibodies, in particu-
lar, antinuclear antibodies (ANA), which can be found in 30-50% of cases in
PBC. However, two subtypes of ANA, namely anti-sp-100 and anti-gp-210, are
considered specific for PBC. Anti-sp-100 is the main antigenic target of multiple
nuclear dot (MND) reactivity. Anti-gp-210 is a glycoprotein integrated in the nuclear
pore complex of nuclear membrane. In patients with a clinical suspicion of PBC,
but negative for AMA, is of fundamental importance to test both sp-100 and gp-210
antibodies. Another specific pattern of ANA in IF is the anti-centromere pattern,
which is associated to a portal hypertension phenotype.

8.2.2 Liver Biopsy

Liver biopsy is not essential for the diagnosis of PBC [21]. However, it is recom-
mended when there is a clinical suspicion of PBC, but PBC-specific antibodies are
absent, or in case of overlap syndrome with autoimmune hepatitis, or in case of
association with nonalcoholic steatohepatitis (NASH). The histopathologic features
of PBC include four histological stages according to Scheuer’s [22] and Ludwig’s
classification [23]. Stage I is characterized by a lymphocytic cholangitis showing a
disruption of biliary epithelium surrounding the bile ducts with florid periductular
inflammation. Stage II is characterized by bile duct loss and ductular reaction with
a dense inflammatory infiltrate forming granulomata, and eventually interface hepa-
titis. Stage III is characterized by fibrous septa and more prominent bile duct loss.
Finally, stage IV is characterized by the presence of cirrhosis with broad fibrous
septa surrounding the parenchyma. A more recent staging system proposed by
Nakanuma [24] includes grading score for inflammation, fibrosis, and bile duct loss.

8.2.3 Imaging

Ultrasound in PBC has a role in advanced stages, specifically in the case of cirrhosis
for screening of hepatocellular carcinoma (HCC) as in all types of liver disease.
Nuclear magnetic resonance (NMR) may, in rare cases, be useful for the differential
diagnosis with other types of cholestasis (cholangiocarcinoma, primary and second-
ary sclerosing cholangitis).
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8.2.4 Natural History

PBC may remain asymptomatic for many years, all the while the disease may
silently progress toward end-stage liver disease and liver failure. Over the past 30
years, the disease has been changed from a symptomatic disease characterized by
symptoms of portal hypertension to a mild disease with a long, natural history and
an out-patient follow-up. In the past *80s, case finding was based on the positivity
for AMA, even in the absence of altered liver function tests, often in rheumatology
setting. The probability that patients with isolated positivity for AMA can present at
baseline or during follow-up a histological-proven PBC is very high, ranging
between 16 and 83% (Table 8.3, [25-29]). Due to these findings, an annual follow-
up of patients with isolated AMA positivity is mandatory, as suggested by EASL
guidelines [21]. Moreover, if a patient with isolated AMA, even in absence of raised
liver function tests, presents symptoms of cholestasis or an associated autoimmune
condition, a liver biopsy is indicated for confirmation of liver damage.

The clinical presentation of PBC has changed over the years. Whereas, most
patients presented with an advanced histological stage in earlier decades, nowadays,
most patients present during an asymptomatic stage. The Global PBC cohort,
including 4805 patients diagnosed between 1970 and 2014 from 17 centers across
Europe and North America, has been recently evaluated [30]. The mean age at diag-
nosis increased by 2-3 years per decade from 46.9+10.1 years in the 1970s to
57.0+12.1 years from 2010 onward. The proportion of patients presenting with mild
biochemical disease increased from 41.3% in the 1970s to 72.2% in the 1990s and
remained relatively stable thereafter. The overall cumulative incidence of major
events (ascites, variceal bleeding, and/or encephalopathy) was 9.1% after 10 years
of follow-up but decreased over time to 5.8% after the year 2000 [31].

HCC may be a complication of patients with advanced PBC. The major risk fac-
tors correlated with the development of HCC are: male gender, lack of response to
UDCA treatment, and the presence of cirrhosis.

8.2.5 Treatment
UDCA in a dose of 13—15 mg/kg/day is the first-line treatment of PBC. Its mecha-

nism of action is not completely understood, but it is widely accepted that affects
cholestasis on different levels. UDCA is believed to protect hepatocytes from toxic

Table 8.3 AMA +ve subjects with normal liver function tests

Author N Median follow-up (years) Development of PBC
Dahlqvist [25] 66 7 1 (16.6%)

Mitchison [26] 29 8.7 5(31.3%)

Metcalf [27] 24 17.8 22 (83%)

Sun [28] 67 - 55 (82.1%)
Berdichevski [29] 6 - 4 (67%)




128 A. Floreani

Table 8.4 Definitions of biochemical response to ursodeoxycholic acid in patients with primary
biliary cholangitis

Criteria Definition
Barcelona | ALP decline of >40% after 1 year of UDCA
[32]

Paris I [33] | ALP <3xULN, AST <2xULN, and bilirubin <1 mg/dL after 1 year of UDCA
Rotterdam | Normalization of bilirubin and albumin concentrations after treatment with

[34] UDCA when one or both parameters were abnormal before treatment or normal
bilirubin or albumin concentrations after treatment when both were abnormal at
entry, after 1 year of UDCA

Paris 11 ALP and AST <1.5xULN and normal total bilirubin after 1 year of UDCA

[35]

Toronto ALP <1.67 ULN at 2 years of UDCA

[36]

Ehime [37] | GGT decline by >70% of baseline or normal level after at least 6 months of
UDCA

Mayo [38] | ALP level <2 times ULN at 2 years of UDCA

Alkaline phosphatase (ALP), aspartate transaminase (AST), gamma-glutamyl transpeptidase
(GGT), ursodeoxycholic acid (UDCA), upper limit of normal (ULN)

bile acids by increasing the hydrophilicity of the circulating endogenous bile acid
pool. It stimulates ductular and hepatocellular bile acid secretion by modulation of
gene transcription and posttranscriptional events, leading to a regulation of the
transport protein bile salt export pump (BSEP) and multidrug resistance-associated
protein 2 (MRP2). Moreover, UDCA has an apoptotic effect and an immune modu-
latory effect as well. Several controlled trials showed a significant reduction of bili-
rubin, ALP, and transaminases in patients treated with UDCA, but despite overall
promising results, RCTs failed to show a therapeutic benefit on transplant-free sur-
vival. An observational study on 192 UDCA-treated patients who achieve a reduc-
tion of ALP of at least 40% have a better transplant-free survival compared to the
survival of so-called “nonresponders” to UDCA [32]. In the following years, a num-
ber of different criteria have been evaluated in order to discriminate responsive
patients from nonresponders (Table 8.4, [32-38]). The use of UDCA improves
transplant-free survival, regardless of disease stage and the observed biochemical
response [39]. However, approximately one-third of patients have an inadequate
biochemical response to UDCA. For these patients, there is the need for second-line
treatment to reduce the risk of mortality and liver transplant.

8.2.5.1 Second-Line Treatment

Obeticholic acid (OCA) is the only registered agent for second-line treatment in
patients nonresponders to UDCA after 1-year treatment (with ALP >1.5 upper the
normal range) or intolerant to UDCA. OCA is a synthetic derivative of chenodeoxy-
cholic acid, agonist of farnesoid X receptor (FXR), and has several mechanisms of
action: (a) regulation of bile acid transport; (b) anti-inflammatory properties; (c)
antifibrotic mechanisms [40]. Due to the induction of bile acid signaling pathway
via fibroblast growth factor-19 (FGF-19), OCA has a more potent hepatoprotective
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effects than UDCA. OCA obtained the FDA approval in 1916 on the basis of an
international multicenter phase III RCT of 216 patients [41]. The primary end point
was an ALP level of less than 1.67 times the upper limit of the normal range, with a
reduction of at least 15% from baseline, and a normal total bilirubin level. The pri-
mary end point was reached in 46-50% of patients treated with OCA after 12
months of treatment. Thereafter, all patients were switched to receive OCA in an
extension phase. One hundred ninety-three patients were treated during the open-
label extension [42]. In this 3-year interim analysis, OCA was well tolerated, and
the performance of OCA was stable during this period. Survival benefit of add-on
OCA has not yet to be confirmed. Pruritus is the major side effect of the drug and
can be treated with the reduction of dosage and/or with temporary discontinuation
of the drug. OCA is contraindicated in patients with serum bilirubin above two
times the normal. In case of Child-Pugh B or C, patients should be started on 5 mg
once weekly rather than daily, as advised in other PBC patients.

8.2.5.2 Fibrates

Fibrates are hypolipidemic agents with anticholestatic, anti-inflammatory, and anti-
fibrotic effects. Fibrates are agonists of the peroxisome proliferator-activated recep-
tors (PPARSs), which belong to the superfamily of nuclear receptors. PPAR is known
to exist in three isoforms: o, f/d, and y. These isoforms are encoded by distinct
genes and have different patterns of distribution. Fenofibrate is the PPAR-a agonist,
which stimulates the transcription and protein expression of multidrug resistance
protein 3 (MDR3) and increases the biliary excretion of phosphatidylcholine.
Bezafibrate is a nonselective PPAR agonist, targeting the three isoforms in equiva-
lent concentrations. A number of clinical trials have assessed the potential efficacy
of fibrates in PBC patients, in particular, in combination with UDCA [43]. Most
studies have been limited by small sample size, yet the results are encouraging.
However, the strongest evidence in favor of efficacy of fibrates originates from the
placebo-controlled trial with BEZURSO [44]. This trial, enrolling 100 patients with
PBC with incomplete response to UDCA, assessed the role of add-on 400 mg/day
bezafibrate vs. placebo. In total, 67% of bezafibrate-treated patients achieved nor-
malization of ALP, and 30% reached the primary end point after 2-year treatment
(normalization of bilirubin, ALP, transaminases, and albumin). Interestingly, there
was a marked reduction in pruritus, and this beneficial effect on this symptom was
also observed in a Spanish cohort with 48 patients treated with bezafibrate over a
median period of 38 months. Caution in the use of fibrates is represented by renal
impairment and an eventual liver toxicity; in fact, in small number of patients both
transaminases and creatinine flares have been reported.

8.2.5.3 Budesonide

Budesonide is a potent glucocorticoid with a 90% first-pass effect through the liver,
and potential systemic side effects lower than classical steroids. Budesonide was the
first second-line therapy for PBC, unless with conflicting results. After the first
placebo-controlled trial conducted in 39 patients with early PBC, which reported a
marginal beneficial effect of budesonide accompanied by worsening osteoporosis
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[45], other reports failed to show a real effect in amelioration in biochemistry and
symptoms of the disease. Moreover, the most important caveat for the use of
budesonide was the cirrhotic stage, where a potential risk for portal thrombosis
exists. Finally, a 3-year multicenter trial was terminated early because of slow
recruitment and an insufficient power to detect a significant histological difference
between treatment groups, although normalization occurred in 35% of the treated
arm [46].

8.2.5.4 Other Strategies
A selective PPARS-agonist (seladelpar) was tested in a 12-week double-blind, ran-
domized, placebo-controlled, phase 2 trial [47]. Seventy patients with inadequate
response or intolerance to UDCA were randomly assigned to placebo, seladelpar 50
mg/day, or seladelpar 200 mg/day. The primary outcome was the percentage change
from baseline in ALP over 12 weeks. During recruitment, three patients treated with
seladelpar developed fully reversible asymptomatic grade 3 alanine transferase
increase, thus, the study was terminated early. Other strategies include: a dual PPAR
a/d-agonist (elafibranor), a fibroblast growth factor (FGF) 19-mimetics, a selective
inhibitor of NOX1 and NOX4 enzymes (GKTS831); the respective trials are still
ongoing. Moreover, potential biological therapies are currently being studied
extensively.

Liver transplantation is a therapeutic option when pharmacological interventions
fail to adequately delay disease progression, in case of end-stage liver disease, and
even in case of intractable pruritus.

8.2.6 Risk Stratification

PBC, even when treated, remains a progressive disease carrying the risk of progres-
sion toward end-stage liver disease and death. The EASL guidelines recommend
evaluation of risk stratification according to high risk, moderate, and indeterminate
[21]. The tools for stratification include:

1. Age and Gender: It has been established that the likelihood of response to UDCA
therapy is less than 50% for a subject younger than 30 years, and more than 90%
for those aged more than 70 years, and it is significantly higher in females com-
pared to males [48]. The risk of male gender has not been confirmed thereafter
but seems to have a higher risk for HCC development.

2. Liver Biochemistry: Bilirubin and ALP levels are the two strongest predictors of
PBC prognosis [49]. They have been validated in two large cohorts, that is,
Global-PBC and UK-PBC. The Globe score (www.globalpbc.com) was intro-
duced in 2015 and was constructed using a derivation cohort of 2488 and a vali-
dation cohort of 1634 UDCA-treated patients. The UK-PBC risk score (www.
uk-pbc.com) was developed in the same year in a nationwide cohort of 1916
English patients and validated in a cohort of 1249 UDCA-treated PBC patients.
Both scores are biochemical variables on a continuous scale, resulting in more
conservation of predictive information, that is, liver transplantation or death.
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Importantly, they take into account biochemical response to UDCA after 1-year
treatment. However, they seem to better predict the risk of progression in large
cohorts than in a single patient.

. Treatment Time Lag: More recently, a UDCA response score has been devel-

oped and validated in two historical cohorts of PBC patients: the UK-PBC and
the Italian cohort of PBC patients [50]. Data show that an early interval (time
lag) from PBC diagnosis and starting of UDCA treatment is positively correlated
with the patient’s outcome.

. Liver Histology: Among histological parameters, ductular reaction has been

shown to correlate with fibrosis extent, progression risk, and UDCA response.
However, due to invasiveness of the procedure and the restricted indications for
liver biopsy, this parameter has been evaluated in a limited number of liver
samples.

. Noninvasive Methods: Liver stiffness measurements by elastography have been

shown to predict poor outcome. However, although elastography is not precise,
it may provide useful information in the course of follow-up.
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Primary Sclerosing Cholangitis

Laura Cristoferi, Alessio Gerussi, Marco Carbone,
and Pietro Invernizzi

9.1 Definition and Epidemiology

Primary sclerosing cholangitis (PSC) is a chronic, cholestatic liver disease charac-
terized by multifocal biliary strictures, usually affecting the intrahepatic and extra-
hepatic biliary tree [1]. The term “primary” implies that the diagnosis could be
suspected after having excluded other known causes of secondary sclerosing
cholangitis.

With a prevalence of less than 50 per 100,000, PSC is considered a rare disease.
Population-based studies in PSC are scarce; prevalence is estimated up to 16.2 per
100,000, with a geographical gradient from Northern Europe and USA to Southern
Europe and Asia, where a 10-to-100-fold lower prevalence has been shown [1-3].
Studies from Northern Europe suggest that both incidence and prevalence are
increasing [3, 4]. The reason of the increment may reflect an actual increase in dis-
ease occurrence, but also better detection related to higher awareness or availability
of better diagnostic techniques, such as endoscopic retrograde cholangiography
(ERCP) and magnetic resonance cholangiography (MRCP) [5].
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Age at diagnosis in PSC ranges from childhood to the sixth to seventh decade,
with an average age at diagnosis from 30 to 40 years old [1].

PSC has a strong association with inflammatory bowel disease (IBD) that varies
significantly across countries. It goes from 60% to 80% observed in Northern
Europe and United States patients to 34—37% reported for Asian patients [6, 7]. PSC
is usually diagnosed after IBD, but it may also precede it or being diagnosed after
liver transplantation (LT) for PSC [8, 9]. Conversely, PSC affects approximately 8%
of patients with IBD and often runs a subclinical course in female patients and
Crohn’s disease (CD). However, despite the subclinical course of some patients,
PSC should always be excluded in IBD patients, given the increased risk for colorec-
tal and biliary malignancies.

9.2 Pathogenesis

The pathogenesis of PSC is still poorly understood. Current available evidence sup-
ports the theory of a multifactorial etiology, with the combination of a predisposing
genetic background and environmental factors.

Several pieces of evidence support the role of genetic predisposition in PSC
pathogenesis. Siblings of patients with PSC and IBD have an enhanced risk of
developing PSC (11-fold and 8-fold, respectively). A genome-wide association
studies (GWAS) of large cohorts of PSC patients has shown an association with
human leukocytes antigen (HLA) that is more than 1000 times stronger than any
other genetic association, which supports the notion of PSC as immune-mediated
condition [10]. HLA and minor genetic associations detected in the GWAS analyses
support a pathogenetic role for T cells [10-12].

Along with genetic factors, the association between PSC and IBD may shed light
on some pathogenetic aspects. Three hypotheses, which might coexist, may explain
the link between enteric inflammation seen in IBD and the development of
PSC. First, an altered composition of gut microbiota (“intestinal dysbiosis””) may
produce potentially toxic immunostimulatory byproducts. Second, an increased
permeability of intestinal mucosa (“leaky gut” hypothesis) due to inflammation
could allow translocation of microbial toxins and bacteria to the hepatobiliary sys-
tem. Third, gut bacteria or byproducts may trigger immune activation against biliary
cells and consequent biliary injury [13].

Multiple studies have demonstrated that patients with PSC present reduced
microbiota diversity, associated to prevalence of selected species, which are differ-
ent from patients with IBD alone and healthy controls (HC). Significant abundance
of Veillonella, Enterococcus, and Streptococcus has been found in different reports
[14]. It is still unclear whether these organisms have pathogenic activity or represent
a biomarker of severity of the disease [15].

Intestinal permeability has been found increased in both ulcerative colitis (UC)
and CD. To date, no studies directly analyzed the increased permeability in PSC
with and without IBD. An indirect way to test intestinal permeability is to assess for
translocation of bacteria or microbial byproducts (i.e., lipopolysaccharide) across
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the gut barrier in portal circulation. After transplanting the microbiota of PSC-UC
and UC patients and HC into germ-free mice, Nakamoto et al. reported that mice
with PSC-UC microbiota had increased serum levels of endotoxin; intestinal bacte-
ria were found in mesenteric lymph nodes [16].

The link between immune-mediated hepatobiliary injury and gut-derived factors
has been suggested in animal models by showing that intestinal bacterial overgrowth
and fecal administration of bacterial byproducts can lead to hepatobiliary inflamma-
tion resembling PSC [17, 18].

9.3 Clinical Presentation

Reaching a diagnosis of PSC is challenging since the clinical presentation mimics
that of secondary sclerosing cholangitis (Fig. 9.1). The typical PSC patient is a
30-40-years old male with a concomitant diagnosis of IBD and elevated cholestatic
liver enzymes. Considering the shared genetic autoimmune disposition, 25% of
patients are diagnosed with extrahepatic autoimmune diseases, such as autoimmune
thyroid disease, celiac disease, Type 1 diabetes, and rheumatoid arthritis. When IBD
is associated (more frequently UC, 80%), the clinical phenotype of intestinal dis-
ease is different from classical IBD. In PSC, IBD is typically mild or asymptomatic,
and it interests all the colonic mucosa with inflammation mainly localized to the
right side, backwash ileitis, and rectal sparing. Unfortunately, although less fre-
quent, severe colitis requiring biological treatment or colectomy is not uncommon
in PSC patients.

Approximately 40-50% of patients with PSC are asymptomatic and come to
medical attention for persistently abnormal serum liver enzymes. When symptoms
occur, fatigue is the most common. Among the other symptoms, fever, pruritus, and
chronic right upper quadrant discomfort are most commonly described. Abdominal

Fig.9.1 Differential
diagnosis of secondary
sclerosing cholangitis that
can mimic primary
sclerosing cholangitis
(PSC) ¥ Might be a
consequence of PSC

Choledocholithiasis (1)
Cholangiocarcinoma (1)

Recurrent pyogenic cholangitis (1)
IgG4-related cholangitis
AIDS-related cholangiopathy
Sarcoidosis

Chronic biliary parasites infestation
Recurrent pyogenic cholangitis
Congenital causes (choledochal cysts,
Caroli’s syndrome, biliary atresia)
Cystic fibrosis

Eosinophilic cholangitis

Mast cell cholangiopathy
Histiocytosis X

Ischaemic cholangitis

Portal hypertensive biliopathy
Sclerosing cholangitis in critically ill
patients

Surgical trauma
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distention with ascites, hepatic encephalopathy, and jaundice may be present in
patients evolved to end-stage liver disease.

PSC patients are prone to develop cholelithiasis and may report episodes of bili-
ary colic or cholecystitis. Cholangitis occurs frequently but symptoms may be atyp-
ical, and standard definitions for cholangitis are not applicable; some patients report
episodes of fever and chills, typically self-limiting within 24 h. In some patients,
cholangitis could be recurrent, and they may benefit from empiric antibiotic treat-
ment. No evidence supports rotating antibiotic strategy, which in turn might select
multidrug resistant bugs. Recurrent bacterial cholangitis could constitute an indica-
tion for liver transplantation even in patients without end-stage liver disease, despite
it is not associated with a worse prognosis for patients awaiting liver transplant.

When bacterial cholangitis is suspected, MRCP should be performed to identify
any biliary strictures. Up to 45% of PSC patients are diagnosed with dominant stric-
ture (DS) that represent a clinically significant stenosis within the extrahepatic bili-
ary tree. A DS in PSC is defined with cholangiography as a stricture less than
1.5 mm diameter in the common bile duct, or less than 1 mm in the left or right main
hepatic ducts within 2 cm of the hilum at ERCP [19]. Since ERCP is not used any-
more for diagnostic aims in PSC, this definition is not directly applicable to MRCP
findings because of the lack of spatial resolution and hydrostatic pressure present in
ERCP. Thus, the evaluation of diameter is not applied strictly, but the decision for
intervention is based on clinical significance of the stricture and its consequences on
liver enzymes and symptoms.

9.3.1 Small-Duct PSC

Individuals with biochemical markers and histologic features suggestive of PSC
with normal cholangiography can be classified as small-duct PSC [20]. It is still
debatable whether this represents an earlier stage of the disease rather than a sepa-
rate variant. A recent study suggested that approximately 25% of patients with
small-duct PSC progress to large-duct PSC over an average of 8 years [21]. Several
studies on small-duct PSC suggest a better prognosis for patients with this variant
as compared to classic PSC patients. Cholangiocarcinoma does not seem to occur in
patients with small-duct disease in the absence of progression to large-duct PSC. In
small-duct PSC without IBD, a heightened suspicion of other biliary diseases (e.g.,
primary biliary cholangitis (PBC)) or secondary sclerosing cholangitis (e.g., related
to genetic cholestasis resulting from ABCB4 mutations) is warranted [22].

9.3.2 PSC-AlIH Syndrome

The prevalence of AIH in patients with PSC is 10% and patients are frequently
younger [1]. Hence, further testing for AIH is appropriate among patients with PSC
with higher-than-expected levels of aminotransferase. An elevation of transaminase
and immunoglobulin G may be attributable to an associated AIH but may also be
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part of biliary disease. A possible association with ATH should be suspected in case
of elevation of transaminase at least five times upper limits of normal (ULN), IgG
at least 2xULN, and typical or compatible histological findings. Liver histology is
mandatory for the diagnosis of concomitant AIH.

On the same line, it appears also reasonable to recommend MRC among young
patients with autoimmune hepatitis who have elevated serum alkaline phosphatase
(ALP). In these patients, the response to immunosuppressive treatment is usually
not complete respect to patients with AIH without PSC.

9.3.3 IgG4-Related Sclerosing Cholangitis

The biliary manifestation of IgG4-related disease (IgG4-RD), IgG4-related cholan-
gitis (IRC) might also mimic PSC [23, 24]. [gG4-RD is a systemic fibroinflamma-
tory disease with tumor-like swelling of involved organs, a lymphoplasmacytic
infiltrate rich in IgG4+ plasma cells, variable degrees of storiform fibrosis, oblitera-
tive phlebitis, and often elevated serum IgG4 concentration [25]. The distinction
between IRC and PSC with elevated IgG4 is important, as the cholangiographic
changes of IRC may resolve completely upon corticosteroid treatment, and IRC is
not a premalignant condition. Although both diseases classically affect men, PSC
often occurs in a younger age group than IRC [26]. The prevalence of IBD is much
lower in IRC (5%) than in PSC (70%) [27]. An approach for the diagnosis of IRC is
the HISTORt criteria, which includes features on histology, imaging, serology,
other organ involvement, and response to treatment with corticosteroids, and was
initially utilized for the diagnosis of autoimmune pancreatitis and has been extended
to include additional IgG4-related biliary diseases [28]. Serum IgG4 measurement
has insufficient accuracy, and cutoff values have not been identified: slight eleva-
tions up to 5 g/L or 4xULN occur in patients with PSC not fulfilling IRC criteria.
Additional evaluation of IgG4/IgG1-ratio (>0.24 indicates IRC) or blood IgG4/1gG
RNA ratio using real-time PCR (elevated in IRC) has been reported to improve
delineation of IgG4 disease and could enhance the diagnostic algorithm [29, 30].

9.4 Diagnosis

The diagnosis of PSC is radiological and made upon the exclusion of known causes
of secondary sclerosing cholangitis (Fig. 9.1). The diagnostic gold standard is now
considered MRCP, with acceptable sensitivity and specificity (86% and 94%,
respectively). Compared with ERCP for initial screening, MRCP is less invasive,
presents fewer complications (i.e., post-ERCP pancreatitis), and is more cost-
effective [31, 32]. The diagnosis of PSC is generally made in the setting of chronic
cholestasis, in particular, elevations of serum ALP levels along with cholangio-
graphic evidence of multifocal strictures, which may involve the intrahepatic
(<25%) or extrahepatic duct (<5%), or both (50-80%) (Fig. 9.2). Diffuse involve-
ment of the hepatobiliary system may be seen, including structuring of the
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Fig. 9.2 Three-dimensional-gated T2 magnetic resonance cholangiopancreatography (MRCP)
showing typical features of large-duct primary sclerosing cholangitis with irregular narrowing of
bile ducts, stenoses, and focal dilatation of bile ducts. In (a) is shown choledochal irregular narrow-
ing, while in (b, ¢) is most evident the alteration of intrahepatic bile ducts

Fig. 9.3 Reproduced with permission from Nicola Zucchini, San Gerardo Hospital, Monza.
Portal tracts with bile ducts surrounded by periductal onion-skin concentric fibrosis with a mild
portal inflammatory cell infiltrate (hematoxylin and eosin stain [H&E])

gallbladder, cystic duct, and pancreatic duct. Although MRCP is recommended as
the initial imaging modality for the diagnosis of PSC, ERCP may be necessary in
patients with a nondiagnostic MRCP or for those who require therapeutic interven-
tion for bile duct strictures.

Liver biopsy is rarely required to establish the diagnosis and is not considered
necessary [33]. A liver biopsy, if performed, will show changes consistent with
PSC, but the characteristic “onion skin” fibrosis is infrequent (Fig. 9.3). Given the
absence of pathognomonic characteristics, liver biopsy is often interpreted as “com-
patible” with PSC.

The biochemical hallmark of PSC is chronic cholestasis, characterized by an
elevation of serum levels of ALP and gamma-glutamyl transferase (GGT). ALP
and GGT may vary throughout the course of disease and may also be normal.



9 Primary Sclerosing Cholangitis 141

Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) lev-
els may also be elevated to 2-3x ULN. Serum bilirubin and albumin levels are
usually normal at the time of diagnosis but may become increasingly abnormal in
patients with advanced disease, malignancy, or superimposed choledocholithiasis.
Hypergammaglobulinemia is not a common finding, although IgM levels are found
to be increased in 50% of patients [34]. Detectable autoantibodies are found in as
many as 97% of patients with PSC, but none of them is disease specific. In particu-
lar, anti-smooth muscle antibodies (ASMA) and antinuclear antibodies (ANA),
which can be seen in up to 75% of patients. Perinuclear antineutrophil cytoplasmic
antibody (p-ANCA) and anti-p40 autoantibody can also be detected in 30-80% of
patients with PSC and UC.

Full colonoscopy with biopsy is recommended at diagnosis of PSC in all patients
without known IBD in order to diagnose subclinical colitis [35].

9.5 Prognosis

Patients with PSC have a four-fold increased risk of mortality compared to the gen-
eral population. In almost half of the patients with PSC, liver transplantation (LT) is
needed after 10-15 years from symptoms’ onset [36, 37]. However, a Dutch
population-based study showed a median survival from diagnosis to liver transplan-
tation or PSC-related death of 21.3 years [3]. This difference might be due to refer-
ral bias that may confound studies on natural history of PSC, with more serious ill
patients more often referred to tertiary centers.

Despite the overall poor prognosis, a proportion of patients may never need
transplant. The most frequent causes of PSC-related death are cholangiocarcinoma
(CCA) (32%), liver failure (15%), transplant-related complications (9%), and
colorectal cancer (8%); it turns out that the major impact on life expectancy in PSC
is derived by the increased risk of malignancies [3].

9.5.1 Cholangiocarcinoma

Cholangiocarcinoma (CCA) is the most common PSC-related cause of death. It
usually occurs in 1-2% of patients per year, and it is frequently detected within the
first 3 years after the initial diagnosis. Median age at diagnosis is 47 years [3, 38].
To date, international guidelines do not recommend specific surveillance strategies
for CCA. However, in a recent study, a significantly higher 5-year overall survival
(68% versus 20%) has been showed in patients who had undergone surveillance for
biliary tract cancers [39].

Early stage CCA is asymptomatic and hinders the distinction between CCA and
PSC alone [40]. Clinical presentation of CCA depends on its localization. In fact,
perihilar and extrahepatic CCA often present with jaundice and ALP elevation,
while intrahepatic CCA typically present with mass lesion and deterioration of liver
function tests, but no jaundice. Since disease progression may share the same
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symptoms of CCA (i.e., weight loss, abdominal pain, jaundice, and increase of cho-
lestatic markers), high levels of suspicion are needed. When CCA is suspected,
diagnosis relies on a combination of tumor marker CA 19.9, combined contrast
MRI/MRC, biliary brush cytology, including cytogenetic testing and histology.

Utility of serum CA 19.9 alone is limited, as it lacks both sensitivity and specific-
ity, since it is negative in 7% of cases and may be increased in cholangitis or other
malignancies. Combined magnetic resonance imaging (MRI) and MRCP show
instead the highest sensitivity and specificity (89% and 75%, respectively) and are
preferred for the detection of small lesions [40, 41]. Computed tomography or MRI
alone lack diagnostic accuracy in early CCA due to the difficult distinction between
benign and inflammatory lesions from malignant ones.

In case of clinical or radiological suspicion of CCA, invasive imaging tech-
niques, including ERCP, endoscopic extra or intraductal ultrasound, and cholan-
gioscopy, are necessary to obtain cytological and histological samples required for
definitive diagnosis of dysplasia or CCA. Routine brush cytology detects CCA with
low sensitivity (40%) and is highly dependent on operator’s and pathologist’s expe-
rience and to the location of the lesion. To improve the brushing sensitivity, repeated
brushing or fluorescence in situ hybridization (FISH) may be considered.
Cholangioscopy allows direct biliary visualization and targeted biopsy of the domi-
nant stricture; yet, its accuracy is still under evaluation (33%) [42]. As regards the
surveillance strategy, some experts propose annual MRI/MRCP or ultrasound in
combination with CA19-9, followed up by ERCP, with biliary brush cytology and
FISH in cases of clinical or radiological suspicion of CCA [22].

Surgery is the only potentially curative treatment and is the standard approach
for resectable CCA. For patients with unresectable CCA, the available systemic
therapies are of limited effectiveness.

The advances of the research on CCA pathogenetic pathways are prompting to
identify new promising therapeutic targets (i.e., isocitrate dehydrogenase (IDH)-1
mutations and fibroblast growth factor receptor (FGFR)-2 fusions).

9.5.2 Gallbladder Neoplasia

PSC involvement of the gallbladder and cystic duct and concurrent abnormalities,
such as gallstone disease, are seen in approximately 41% of patients with PSC [43].
This population is also at an increased risk of developing gallbladder neoplasia with
a frequency reported to 2.5-3.5%. The American guidelines recommend annual
ultrasound and cholecystectomy if gallbladder polyps lesions are detected, regard-
less of the size [44].

9.5.3 Colorectal Cancer

The risk of colorectal dysplasia and cancer is significantly higher (approximately
four- to five-fold) among patients with PSC-IBD compared with those with IBD
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alone [45]. The risk is much higher in patients with PSC and UC. PSC-IBD
patients tend to be diagnosed with colorectal cancer (CRC) or dysplasia on aver-
age 20 years earlier than patients without PSC [3] with a cumulative incidence
after 20 and 30 years of 6 and 13%, respectively. These data support the surveil-
lance strategy of colonoscopy annually or biannually in patients with IBD and
every 5 years in patients without IBD. Dye-based chromoendoscopy is increas-
ingly recommended to facilitate detection of flat lesions with dysplasia [46, 47].
CRC and dysplasia in PSC patients are most often located in the right colon,
which are associated with a worse prognosis when compared with left-sided
colon cancer [48].

9.5.4 Hepatocellular Cancer

Hepatocellular carcinoma (HCC) occurs in patients with PSC-related cirrhosis.
However, incidence rate of HCC appears to be slightly lower compared to patients
with cirrhosis secondary to other etiologies. Standard surveillance is recommended
in this population of patients with liver ultrasound every 6 months.

9.6 Risk Stratification

The highly variable natural history of PSC, with possible intercurrent clinical events
(e.g., cholangitis, biliary lithiasis) that could be dissociated from the severity of
underlying liver disease with consequent fluctuant clinical symptoms and serum
cholestasis marker, makes the prognostic assessment of these patients challenging.
Indeed, reliable and solid prognostic tools able to estimate prognosis at individual
level are still not available in PSC.

9.6.1 Prognostic Models

Several models have been built for risk stratification purpose. The most widely used
is Mayo risk score (MRS) [49]. However, the weight of variables reflecting end-
stage liver disease (e.g., bilirubin, albumin, AST, and variceal bleeding) and its rela-
tively short horizon (4 years) limits its use in early stages.

In 2018, a novel prognostic model, the Amsterdam-Oxford model (AOM), was
developed [50]. It considered up to 15-year survival probability and included seven
prognostic variables: PSC subtype (large- vs. small-duct), age at PSC diagnosis,
ALP, AST, total bilirubin, albumin, and platelets. A large multicenter study in
patients with PSC further validated the AOM for discriminative performance and
good prediction both at PSC diagnosis and follow-up [51].

In 2019, the UK-PSC prognostic model was developed using a large cohort of
1001 patients from the entire United Kingdom, including patients both from trans-
plant and nontransplant hospital, reducing selection bias [52]. They identified some
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variables associated to short-term (2 years) and long-term (10 years) disease sur-
vival. By using this dichotomous approach for risk stratification, they improved
C-statistic from 0.78 to 0.81 for short-term prediction and to 0.85 for long-term
prediction.

9.6.2 Serum Biomarkers: ALP and Enhanced Liver Fibrosis (ELF)

Similarly to PBC, ALP has been incorporated in all prognostic models in PSC, and
drug development trials on PSC have used ALP levels variation as a primary end-
point [53-55]. However, the high variability in the disease course represents a
caveat to consider ALP a more accurate marker of long-term prognosis rather than
short-term outcome [52]. A recent study by Trivedi et al. analyzed data from a phase
2 trial evaluating safety and efficacy of simtuzumab in large-duct PSC patients;
large variations in intraindividual and interindividual serum levels of ALP were
found without significant associations between serum ALP levels and disease pro-
gression over a 2-year period [56].

In 2015, the enhanced liver fibrosis (ELF) score in PSC was developed [57]. It
consists in the analysis of serum levels proteins normally released during collagen
deposition: hyaluronic acid, tissue inhibitor of metalloproteinases-1, and propep-
tide of type III procollagen. This score was showed to be a potent and independent
prognostic marker for prediction of transplant-free survival in PSC [57].
Furthermore, in the same study conducted by Trivedi et al. mentioned above, vari-
ations in ELF score were smaller, and scores determined at multiple time points
associated with fibrosis progression and development of cirrhosis. Unfortunately,
its use is not currently widespread due to its poor availability, mainly related to
cost issues [56].

9.6.3 Imaging-Based Risk Assessment

The limitations of available risk stratification tools and the progress in medical radi-
ology have fostered the development of noninvasive tools to assess disease progres-
sion and fibrosis. The most widely performed noninvasive radiological examination
to study biliary tree is MRCP. However, despite its high sensitivity and specificity
for diagnostic purpose, its use as a prognostic tool is limited by the qualitative eval-
uation of images and the interobserver variability [58].

Another promising noninvasive liver diagnostic imaging tool is vibration-
controlled transient elastography (VCTE). In a French monocentric study [59],
baseline liver stiffness measurements (LSM) as well as its changes over time have
been associated with clinical outcomes. However, the role of dominant and cho-
lestasis in influencing LSM in PSC has yet to be ascertained and further studies are
needed. Recently, Cazzagon et al. have demonstrated that the combined use of
radiological score based on MRCP and VCTE identifies three subgroups of patients
with low, medium, or high risk of developing adverse outcomes [60].
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9.7 Treatment

To date, no established medical therapy able to halt disease progression has been
registered for PSC. Liver transplantation is the unique curative option, but PSC may
recur in the liver transplant.

9.7.1 Maedical Management

9.7.1.1 Symptom Management

The most manageable symptom is pruritus. In case of rapid worsening of the symp-
tom, dominant strictures should be sought and actively managed. First-line medical
therapy includes bile acid sequestrant cholestyramine, which is often poorly toler-
ated. In case of persistence or intolerance, second-line therapies include rifampicin
and naltrexone. The FITCH trial has recently proved the beneficial effect of bezafi-
brate on cholestasis pruritus [61]. Pruritus in advanced disease is often refractory to
medical management and might be an indication for liver transplantation when
quality of life is severely compromised. At present, no specific therapies for
fatigue exist.

9.7.1.2 UDCA

UDCA has been extensively studied as potential drug for PSC. However, while
reducing ALP and other liver enzymes, the evidence is not sufficient to claim that
UDCA halts disease progression [62]. Nonetheless, UDCA remains widely used,
typically at doses around 15-20 mg/kg daily [3, 15, 19]. Whether the use of moder-
ate dose UDCA is efficacious in the prevention of CRC in those with PSC-IBD or
biliary neoplasia is still to be ascertained [63]. A large multicenter-randomized con-
trolled trial comparing high dose of UDCA (28-30 mg/kg) vs. placebo showed
higher serious adverse events in the treatment group than the placebo group [64];
thus, international guidelines advise against the use of high doses in PSC [19, 44].

9.7.1.3 Immunosuppressive Therapy
PSC does not respond to traditional immunosuppressive approaches [22]. Previous
trials with immunosuppressive drugs, such as prednisolone, budesonide, azathio-
prine, tacrolimus, methotrexate, mycophenolate mofetil, colchicine, penicillamine,
and anti-tumor necrosis factor antibodies, were limited by small numbers [65-73].
When IgG4-related disease is suspected, a short-term trial of corticosteroid ther-
apy might be indicated. However, in the absence of a prompt clinical or biochemical
response, treatment should not be prolonged.
Similarly, patients with suspected overlap with AIH features should be treated
following treatment algorithms for classic AIH [74, 75].

9.7.1.4 Antibiotics
The rationale behind administration of antibiotics is to change the composition of
gut bacteria. Available data in PSC come from three randomized controlled trials



146 L. Cristoferi et al.

and two uncontrolled studies, including metronidazole, minocycline, vancomycin,
or rifaximin [76-79]. Despite the limited evidence, vancomycin, metronidazole (in
association with UDCA), and minocycline can improve cholestatic markers in
PSC. Nevertheless, in case the improvement on liver enzymes was validated, it
would be still unclear whether these drugs affect long-term outcome.

9.7.1.5 New Potential Drugs

Based on new insights in the pathogenesis of PSC, there has been a growing interest
in clinical trial in PSC. Several drugs are being investigated along the three major
pathogenetic theories: modulation of bile acids, immunomodulants, and change of
the microbiome. Table 9.1 summarizes the novel molecules and their targets in PSC.

9.7.2 Endoscopic Management

Endoscopic intervention with ERC should be performed in case of clinical and
radiological suspicion of dominant strictures, with or without cholangitis,
and of CCA.

In case of clinically significant strictures, endoscopic treatment is beneficial on
symptoms with limited evidence as regards prognosis. The best interventional
approach is still debated, and the choice between balloon dilation, with or without
short-term stenting, remains operator-dependent.

Prophylactic antibiotics, anti-inflammatory drugs (i.e., diclofenac or indometa-
cin), and prophylactic pancreatic stent should be considered based on the higher risk
of cholangitis and pancreatitis post-ERC in PSC patients.

In case of CCA suspicion, repeated brush cytology with FISH study and cholan-
gioscopy (when available) may increase the diagnostic accuracy.

9.7.3 Liver Transplantation

Considering the lack of durable pharmacologic and endoscopic therapy, LT remains
the sole curative option in patients with end-stage liver disease.

PSC is an established indication for LT in patients with end-stage liver disease,
pruritus refractory to therapy, or recurrent bacterial cholangitis [80, 81]. In Northern
Europe, LT is evaluated also in case of biliary dysplasia. Furthermore, some reports
suggest in favor of LT for hilar CCA that could be considered in conjunction with
neoadjuvant chemotherapy and radiation, but further studies are needed to extend
the indication [82, 83].

In specific clinical circumstances, patients with PSC may be offered additional
MELD points to improve their priority for receiving a donor organ for liver trans-
plantation. MELD exception points can be approved by the United Network for
Organ Sharing Regional Review Board for the following indications:

1. Recurrent episodes of cholangitis, with >2 episodes of bacteremia or >1 episode
of sepsis
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Table 9.1 Novel therapies in primary sclerosing cholangitis
Modulation of bile acids
norUDCA Homologue of UDCA NCT03872921
Phase 3
OCA FXR agonist NCTO02177136
Phase 2
Cilofexor Nonsteroidal FXR agonist NCT03890120
Phase 3
NGM282 FGF-19 analogue NCT02704364
Phase 2
All-trans retinoic acid (ATRA) | FXR/NR1H4 agonist NCTO03359174
Phase 2
Bezafibrate PPAR« agonist NCT
04309773
‘Phase3
Seladelpar PPARS agonist NCT04024813
Phase 2
Modulation of immunoregulation
Cenicriviroc C-C motif chemokine receptor (CCR) types | NCT02653625
2 and 5 antagonist Phase 2
Vedolizumab a4f7 integrin blocker NCT03035058
Phase 3
Vidofludimus DHODH and JAK/STAT and NFkB NCT03722576
pathways inhibitor Phase 2
Modulation of gut microbiome
Vancomycin Modulation of gut microbiome NCT03710122
Phase 3
Metronidazole or vancomycin NCTO01085760
Phase 1
Minocycline Modulation of gut microbiome NCT00630942
Phase 1
Fecal microbiome Modulation of gut microbiome NCT02424175
transplantation (FMT) Phase 1-2
Antifibrotic therapies
Simtuzumab LOXL-2 inhibitor NCTO01672853
Phase 2
Other treatments
Sulfasalazine Unclear NCTO03561584
Phase 2
Mitomycin C Inhibitor of the synthesis of cellular DNA, NCT01688024

RNA, and proteins

2. Cholangiocarcinoma <3 cm in diameter, without evidence of metastasis, under-
going treatment through an institutional review board-approved clinical trial

3. Intractable pruritus

In one of four patients, PSC recurs after LT and to date, no special immunosup-
pressant regimens disease-specific are recommended.
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Most patients tolerate recurrent disease without significant morbidity or mortal-
ity, but progressive disease can occur in as many as one-third of patients with recur-
rent PSC.
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Atsushi Tanaka

10.1 Introduction

IgG4-related sclerosing cholangitis (IgG4-SC), also known as IgG4-associated
cholangitis (IAC) or IgG4-related cholangitis (IRC), is a biliary tract manifestation
of IgG4-related diseases (IgG4-RDs). IgG4-RDs are characterized by systemic,
inflammatory, and sclerosing lesions with massive infiltrations by IgG4-positive
lymphocytes involving multiple organs, including the eye, salivary and lacrimal
glands, lungs, pancreas, retroperitoneum, kidneys, and vascular systems [1-5].
IgG4-SC is frequently accompanied by pancreatic involvement of IgG4-RDs, a
condition termed as autoimmune pancreatitis (AIP) [6]. The clinical importance of
IgG4-SC lies in its excellent response to corticosteroids, and thus, differential diag-
nosis from primary sclerosing cholangitis (PSC) and cholangiocarcinoma is crucial.
In particular, a correct diagnosis of IgG4-SC resembling cholangiocarcinoma is
extremely important to avoid a major, invasive, but unnecessary surgical interven-
tion. Herein, the basic and clinical concept of IgG4-SC is comprehensively dis-
cussed. Clinical practice guidelines for 1gG4-SC [7] or IgG4-related digestive
disease [8] will help in further understanding this clinical condition.

10.2 History

Since the 1970s, cases of sclerosing cholangitis (SC) associated with chronic pan-
creatitis have sporadically appeared. In most reports, pancreatic and biliary involve-
ments were diagnosed as chronic pancreatitis and PSC, respectively. Waldram et al.
reported two SC cases associated with chronic pancreatitis, diabetes, and Sjogren
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syndrome in 1975 [9]. Sjogren et al. reported two PSC cases that responded to ste-
roid therapy [10]. In 1991, Kawaguchi et al. reported lymphoplasmacytic sclerosing
pancreatitis with cholangitis as a variant of PSC in Japan by studying surgical speci-
mens [11]. Since 1996, a few cases of SC that met the diagnostic criteria of PSC, but
presented a better clinical course than did the classic PSC, have been reported.
These were reported as “atypical PSC” to discriminate them from the classic PSC
[12]. The atypical PSC cases revealed characteristic findings, such as onset at older
age, good response to steroid therapy and biliary drainage, no association with
ulcerative colitis, and frequent association with characteristic chronic pancreatitis.

Furthermore, Hamano et al. conducted an epoch-making study in 2001, demon-
strating significant elevation of serum IgG4 levels in patients with sclerosing pan-
creatitis [13]; Kamisawa et al. proposed this condition as a new clinicopathological
entity in 2003 [14], newly coined as AIP, for which the clinical characteristics and
treatment policies have been established [15, 16]. After establishment of the con-
cept of AIP, “atypical PSC” cases described above have been reported as “SC with
AIP” [17]. After establishment of the concept of IgG4-RD and reporting of isolated
SC without AIP, these cases have been reported as IgG4-SC [18].

In 2008, Ghazale et al. analyzed a large database of patients with AIP at the
Mayo Clinic and described the clinical profiles and responses to therapy of 53
patients with IAC [19]. Huggett et al. demonstrated in 2014 that AIP/IgG4-SC is
associated with significant morbidity and mortality in a cohort of 115 patients,
including 68 patients with I[gG4-SC [20]. Xiao et al. reported the clinical character-
istics and treatment responses of 39 patients with IAC in 2018 [21]. In Japan, my
colleagues and I have regularly performed nationwide surveys of PSC and IgG4-SC
since 2012 and described the clinical characteristics of 43 patients [22] and 527
patients with IgG4-SC [23]. Recently, we conducted another nationwide epidemio-
logical survey, and the point prevalence was estimated by registration of 1026
patients with IgG4-SC [24].

10.3 Nomenclature

The nomenclature of the disease is somewhat confusing because of several nomen-
clatures. IgG4-SC, IAC [19, 21, 25], and IRC [8] are currently used in the literature
for the biliary manifestation of IgG4-RDs.

The first appearance of this clinical entity in the title of the literature was in
2004, coined as IgG4-SC [18]. Thereafter, along with an increasing trend of stud-
ies, the term “IgG4-SC” has been mainly used by Japanese researchers who have
contributed in identifying the disease concept of IgG4-RDs, AIP, and the biliary
manifestation of IgG4-RDs; conversely, European researchers apparently prefer
to use the term “IAC.” During the International Symposium on IgG4-Related
Disease, which was held in Boston in 2011, the researchers discussed the nomen-
clature and agreed that the term “related” rather than “associated” was preferred
to express 1gG4-RDs in specific organs, including the pancreas and bile ducts;
they also emphasized the importance of including “sclerosing” in the
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nomenclature because it is important to link this condition with and distinguish it
from PSC, even though “sclerosis” of the bile ducts is not always observed after
successful treatment with corticosteroids [3]. As no international consensus in
terms of alternative nomenclatures has been achieved, the term “IgG4-SC” has
validity in the current scientific literature. Yet, a recent European guideline on
IgG4-related digestive disease recommends the use of IRC because of the very
reason that the term “sclerosing” may evoke PSC, a progressive disease without
any effective treatment [8]. Undoubtedly, an identical term should be used in this
biliary disorder, and another international consensus regarding the nomenclature
is strongly warranted.

10.4 Etiology

Although a significant elevation in serum IgG4 levels is a hallmark of IgG4-SC and
IgG4-RDs, the role of IgG4 remains unclear and enigmatic. IgG4 antibodies com-
prise the smallest fraction (<5%) of all IgG antibodies in the sera of healthy humans
[26]. Patients with [gG4-SC and IgG4-RD exhibit a dramatic response to rituximab,
an anti-CD20 antibody, indicating a pathogenic role of B-cell responses and Igs.
Indeed, IgG4+ B-cell clones were identified in the blood and tissues of patients with
IgG4-SC and disappeared upon corticosteroid treatment [27], suggesting the patho-
genicity of IgG4 molecules, as observed in other autoimmune diseases, including
pemphigus [28, 29] or idiopathic membranous glomerulonephritis [30].
Nevertheless, recent studies suggest an anti-inflammatory role of 1gG4 in this dis-
ease. For instance, Shiokawa et al. demonstrated that subcutaneous injection of
patient IgG, not control IgG, resulted in pancreatic injuries, which mimic
AIP. Interestingly, while pancreatic injury was induced by injecting both IgG1 and
IgG4, more destructive changes were induced by IgG1 than by IgG4. The potent
pathogenic activity in patients with IgG1 was significantly inhibited by the injection
of IgG4 [31]. IgG4-subtype autoantibodies remained undiscovered for a long time
until the identification of anti-annexin A11 as an autoantigen, which was targeted by
IgG4 as well as IgG1 autoantibodies [32]. Coincident with the findings of Shiokawa
et al., IgG4 antibodies blocked the binding of IgG1 to annexin All, supporting an
anti-inflammatory role, not a pro-inflammatory role, of IgG4 in IgG4-RDs. In fact,
IgG4 is biologically unable to activate Fc-gamma receptors on the effector cells
owing to its low affinity and is, therefore, considered an anti-inflammatory Ig [26].
Moreover, IgG4 may be secondarily induced to reduce the extensive immune reac-
tion in IgG4-RDs. In IgG4-RDs, Th2-cytokines, such as IL-4, IL-5, and IL-13, are
significantly overexpressed, contributing to oligoclonal B-cell activation, plasma
cell expansion, and extensive IgG4 production [33]. Taken together, IgG4 appears
to be a two-sided antibody in the etiopathogenesis of IgG4-SC. IgG4 functions as a
destructive and pathogenic molecule and at the same time may function as a protec-
tive antibody against a more harmful role of IgG1 when directed to the same epit-
opes [34].
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10.5 Epidemiology and Demographics

Recently, our group conducted the first-ever epidemiological study to estimate the
point prevalence of IgG4-SC in Japan [24]. In this study, we selected 1180 depart-
ments from health centers covering all over Japan and investigated the number of
patients with IgG4-SC in 2018 in a questionnaire-based manner. The estimated
number of patients and the point prevalence in Japan were 2742 (95% confidence
interval [CI], 2683-2811) and 2.18 (95% CI, 2.13-2.23) per 100,000 population,
respectively. The prevalence of I[gG4-SC was 1.2 times higher than the point preva-
lence of PSC in Japan (1.80; 95% CI, 1.75-1.85), which was estimated using an
identical method.

The demographics of patients with IgG4-SC in the USA [19], the UK [20], Japan
[23], and China [21] are summarized in Table 10.1. IgG4-RDs are generally a male-
dominant disease, and indeed, male sex was dominant in all case series of
IgG4-SC. The age during presentation was similar among the three reports, indicat-
ing that patients in their 60s were at the highest risk of developing IgG4-SC. In
Fig. 10.1, the age and sex distributions at presentation are shown for 1096 cases of
IgG4-SC in Japan [24]. The patient age ranged from 21.7 to 92.8 years, and no
patient developed IgG4-SC in childhood or adolescence, unlike PSC. The median
age at diagnosis was 67.1 years. Male sex predominance is obvious at any age.

10.6 Diagnosis

To date, no single biomarker with high specificity and sensitivity has been found for
the diagnosis of IgG4-SC. Elevation of serum IgG4 level, a hallmark of IgG4-RD in
general, is not observed in all patients. Therefore, a combination of several clinical
parameters, including blood biochemistry, imaging studies, histological studies, and
presence of IgG4-RD in other organs, is needed; diagnostic criteria comprising these
findings have been established and are currently used in clinical practice [19, 35].

Table 10.1 Comparison of the clinical features of immunoglobulin G4-related sclerosing
cholangitis

Most prevalent
Male Age at diagnosis | symptom at diagnosis Presence of

Region | Year (N sex (%) | (years)* (%) AIP (%)
USA 2008 |53 |85 62 Jaundice (77%) 92

[19]

UK 2014 |68 |74 61 Jaundice (74%) 88

[20]

Japan | 2017 527 |83 66 Jaundice (39%) 87

[23]

China 2018 |39 |82 NA Jaundice (67%) 90

[21]

Autoimmune pancreatitis (AIP), not available (NA)
*Average (USA), median (UK and Japan)
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Symptoms at presentation. The most frequent symptom is jaundice due to
obstruction of the extrahepatic bile ducts, especially at the distal portion of the bile
ducts surrounded by the swollen pancreatic head, coinciding with a high frequency
of AIP as comorbidities. In the cohort from the USA, the UK, and China, 77%,
74%, and 67% of patients with IgG4-SC had jaundice at presentation, respectively
(Table 10.1) [19-21]. In the cohort from Japan, 428 out of 1096 patients (39%)
developed jaundice at presentation, followed by pruritus (14%) and abdominal pain
(13%), whereas 410 patients (37%) were diagnosed as having IgG4-SC without any
symptoms (Fig. 10.2) [24]. The proportion of asymptomatic patients is higher in
this cohort, owing to the higher chances of having blood tested for health checkups
in Japan.

Blood chemistry and serology. Levels of cholestatic liver enzymes, serum alka-
line phosphatase (ALP), and gamma-glutamyl transferase are elevated in most
cases, as in other cholestatic liver diseases. Bilirubin levels are also elevated in
patients with icterus. Although elevated levels of serum IgG4 are a hallmark of
IgG4-SC, it is of note that 14% of patients exhibited serum IgG4 levels within nor-
mal levels at presentation (Fig. 10.3); therefore, the diagnosis of IgG4-SC cannot be
denied even in a patient with normal IgG4 levels in the serum. Antinuclear antibod-
ies were positive in only 39% of patients in the Japanese cohort. Although no
disease-specific autoantibodies were reported in IgG4-SC, annexin A1l [32] and
laminin 511-E8 [36] were recently identified as autoantigens in IgG4-RD and AIP,
respectively. Anti-laminin 511-E8 antibody was detected in a patient with IgG4-SC
with normal serum IgG4 levels and provided an important clue for diagnosis [37].
Further analyses with large-scale samples are strongly warranted to evaluate the
diagnostic capability of these autoantibodies for IgG4-SC.

Imaging. It is extremely important to perform cholangiography, either endo-
scopic retrograde cholangiography (ERC) or magnetic resonance cholangiography,
for the diagnosis of IgG4-SC. In characteristic cholangiograms of patients with
1gG4-SC, diffuse or segmental narrowing of the intra and/or extrahepatic bile ducts
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Fig. 10.2 Symptoms at presentation in a Japanese cohort of 1096 patients with immunoglobulin
G4-related sclerosing cholangitis [24]. Esophagogastric varices (EGV), gastrointestinal bleed-
ing (GIB)

Fig. 10.3 Proportion of serum
immunoglobulin G4 levels at
pretreatment in a Japanese cohort of
1096 patients with immunoglobulin
G4-related sclerosing cholangitis
[24]. Upper limit of normal (ULN)
>5xULN;
32%

4-5xULN;
7%

3-4xULN;
11%
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is observed, along with thickening of the bile duct wall; this helps distinguish
IgG4-SC from PSC, pancreatic cancer, bile duct cancer, and hepatic hilar carcinoma.

Nakazawa et al. proposed a classification of cholangiograms in IgG4-SC
(Fig. 10.4) [38]: intrapancreatic biliary strictures without any other stricture in the
bile ducts (type 1), intrahepatic segmental (type 2a) and diffuse (type 2b) strictures
in addition to intrapancreatic biliary strictures, both intrapancreatic and hilar lesions
(type 3), and strictures in the hilar hepatic lesion (type 4). Type 1 is the most domi-
nant, as observed in 64% of patients in the Japanese cohort [23], reflecting the fre-
quent coexistence of AIP, as shown later; however, it could be very difficult to
differentiate [gG4-SC from pancreatic cancer in cases without AIP. Types 2a, 2b, 3,
and 4 were found in 5%, 8%, 11%, and 10% of patients, respectively. Types 3 and 4
mimic bile duct cancer or hepatic hilar carcinoma, and the differential diagnosis
could be challenging.

Histology. When IgG4-SC is suspected on the basis of symptoms and blood
chemistry, serology, and cholangiogram findings, specimens for histological exami-
nation should be obtained. The characteristic features of histology in IgG4-SC
included (1) marked lymphoplasmacytic infiltration and fibrosis, (2) >10 IgG4-
positive plasma cells per HPF, (3) storiform fibrosis, and (4) obliterative phlebitis
[35]. A cutoft of >10 IgG4-positive cells per HPF was considered for biopsy-based
diagnosis of 1gG4-SC.

IgG4-SC is characterized by transmural-marked lymphoplasmacytic infiltration
and fibrosis, which results in duct wall thickening. In contrast to PSC, in which the

TYPE 1 TYPE 2

Fig. 10.4 Classification of cholangiographic findings of immunoglobulin G4-related sclerosing
cholangitis [38]
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emphasis of inflammation is the epithelium, no cell damage or inflammatory cell
infiltration is observed in the epithelium [7]. Eosinophilic infiltration, storiform
fibrosis, and/or obliterative phlebitis are commonly identified, and the latter two are
particularly regarded as diagnostically important. Storiform fibrosis is an irregular
swirling arrangement of collagen [39], and inflammatory cells are commonly
observed. Obliterative phlebitis is an inflammatory lesion with inflammatory cells
and fibrosis that obliterates the venous lumen [39].

Comorbidities. The presence of other organ involvement (OOI) in IgG4-RD
greatly facilitates the diagnosis of 1gG4-SC, and AIP was the most prevalent OOI,
being present in 88-92% of patients (Table 10.1) [19-21, 24]. Other OOlIs include
dacryoadenitis and sialadenitis, retroperitoneal fibrosis, and involvement of the kid-
neys, lungs, and aorta. In the Japanese cohort, dacryoadenitis and sialadenitis and
retroperitoneal fibrosis were observed in 22% and 12% of cases, respectively [24].
Regarding malignant diseases in the biliary tract, the development of cholangiocar-
cinoma was reported only in four cases (0.8%) in the Japanese cohort, indicating
that the occurrence of cholangiocarcinoma is a rare event in patients with IgG4-SC.

Diagnostic criteria. As discussed, a combination of biomarkers and findings is
required to diagnose IgG4-SC. In the USA and Europe, the histology, imaging,
serology, OOI, and response to therapy criteria, which were originally designed for
the diagnosis of AIP [40], have frequently been used for the diagnosis of IgG4-SC
(or IAC) [19, 41, 42]. In 2012, the diagnostic criteria of [gG4-SC were established
by the Japanese Biliary Association [35] (Table 10.2) to facilitate its appropriate
diagnosis and differentiation from PSC or cholangiocarcinoma. These criteria
involve a combination of imaging, serology (elevated serum IgG4 level), histologi-
cal findings, and OOI. Definite diagnosis is made on the basis of the following: (1)

Table 10.2 Clinical diagnostic criteria of IgG4-related sclerosing cholangitis, as established by
the Japanese Biliary Association in 2012°

Diagnostic items

(1) Biliary tract imaging reveals diffuse or segmental narrowing of the intrahepatic and/or
extrahepatic bile ducts, associated with thickening of the bile duct wall

(2) Hematological examination presents elevated serum IgG4 levels (>135 mg/dL)
(3) Coexistence of autoimmune pancreatitis, [gG4-related dacryoadenitis/sialadenitis, or
IgG4-related retroperitoneal fibrosis

(4) Histopathological examination reveals:
(a) Marked lymphocytic and plasmacytic infiltration and fibrosis
(b) Infiltration of IgG4-positive plasma cells (>10 cells per HPF)
(c) Storiform fibrosis
(d) Obliterative phlebitis

Optional: effectiveness of steroid therapy

Diagnosis

Definite diagnosis: (1)+(3) or (1)+(2)+(4) (a+b or a+b+c or a+b+d)

Probable diagnosis: (1)+(2)+optional item

Possible diagnosis: (1)+(2)

Immunoglobulin (Ig)
*Adapted from Ohara et al. [35]
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imaging findings and OOI; (2) imaging findings, observation of elevated I1gG4 lev-
els, and two typical histological findings: marked lymphocytic and plasmacytic
infiltration and fibrosis and infiltration by IgG4-positive plasma cells; and (3) three
typical histological findings: the two aforementioned and storiform fibrosis.

10.7 Differential Diagnosis

As mentioned previously, it is extremely important to differentiate IgG4-SC from
PSC or pancreatobiliary malignancy, based on an excellent response of IgG4-SC to
corticosteroids. Moreover, unnecessary major operations for pancreatobiliary can-
cer profoundly affecting the postoperative quality of life of patients can be avoided
with a correct diagnosis of IgG4-SC. Nevertheless, it could be extremely challeng-
ing to do so, especially in distinguishing type 1 IgG4-SC from pancreatic cancer,
type 2 from PSC and bile duct cancer, and types 3 and 4 from hepatic hilar
cholangiocarcinoma.

PSC. While elevated IgG4 levels are found in 10-20% of patients with PSC [7],
an ample elevation of serum IgG4 levels (e.g., >1.25xULN) may help in the dif-
ferential diagnosis of IgG4-SC from PSC with excellent predictability [43]. The
median [gG4/IgG1 ratio in IgG4-SC was significantly higher than that in PSC, indi-
cating the utility of the IgG4/IgG1 ratio in clinical practice for differentiating
1gG4-SC from PSC [44]. The 1gG4/IgG RNA ratio determined by quantitative PCR
may allow more accurate discrimination of IgG4-SC from PSC [42]. IgG1 and 1gG2
[45] and unique patterns of glycosylation in IgG [46] may aid in the accurate diag-
nosis of IgG4-SC and PSC. Although experienced gastroenterologists are able to
differentiate IgG4-SC from PSC by ERC findings with serum IgG4 levels in terms
of imaging studies [47], an international panel suggested that ERC findings them-
selves did not provide sufficient reliability for correct diagnosis without additional
clinical information [48]. The presence of comorbidities is very helpful for differen-
tiation; OOI of IgG4-RD or inflammatory bowel diseases strongly support the diag-
nosis of IgG4-SC or PSC, respectively. Systemic examination is required for search,
even though patients complain of no subjective symptoms. A scoring system
employing age, OOI, and beaded appearance on ERC is proposed [49].
Administration of corticosteroids before confirmation of diagnosis (“steroid trials™)
may be a final option when diagnosis is extremely difficult, but is allowed only for
a short-term, that is, 1-2 weeks [7].

Pancreatobiliary malignancies. While a number of reports showed cases of
IgG4-SC that were misdiagnosed as cholangiocarcinoma before operation, others
have demonstrated the reverse [50], possibly leading to a worse outcome. Elevated
IgG4 levels are also found in 10-20% of patients with cholangiocarcinoma [7].
Although it was reported that the IgG4/IgG RNA ratio may also allow discrimina-
tion of IgG4-SC from biliary/pancreatic malignancies [42], further study by the
same group denied this result later [51]. Imaging studies with intraductal ultraso-
nography (IDUS) or peroral cholangioscopy (POCS) are very helpful for differenti-
ating IgG4-SC from cholangiocarcinoma [7]. IDUS findings of circular, symmetric
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wall thickness, a smooth inner and outer margin, and a homogeneous internal echo
in the stricture as well as >0.8 mm of the bile duct wall in nonstricture regions
strongly suggest IgG4-SC [52]. In POCS, findings of tortuous and dilated arteries in
the bile ducts are suggestive of IgG4-SC and partially dilated arteries of cholangio-
carcinoma [53].

Histological findings of biopsied samples obtained from the bile ducts or endo-
scopic ultrasound fine-needle aspiration from the pancreas are used for the final
diagnosis of bile duct or pancreatic cancer when findings of malignancy are
observed; however, a suspicion for carcinoma should be maintained even if not
observed. The use of fluorescence in situ hybridization using transpapillary forceps
biopsy specimens might be an option to differentiate cholangiocarcinoma from
1gG4-SC [54]. Steroid trials should not be performed when a suspicion of pancrea-
tobiliary cancer remains [7].

10.8 Management and Outcomes

It is well known that prednisolone (PSL) is efficient in treating IgG4-SC, as for
other IgG4-RDs, although no randomized prospective trial of corticosteroids has
been conducted for IgG4-SC. In the Japanese cohort, PSL was initiated in 462
patients (88%) following diagnosis [23]. In the US and UK cohorts, corticosteroid
was administered in 57% and 85% of patients, respectively [19, 20]. The overall
treatment responses in these retrospective observational study protocols were excel-
lent. In the Japanese cohort, reduction in the ALP levels to <50% of the pretreatment
levels or within the normal range was achieved in 395 patients (88% of documented
cases), and alleviation of biliary strictures was noted on the imaging results of 376
patients (90% of documented cases). Endoscopic stents inserted for the treatment of
obstructive jaundice should be removed within 2 weeks after corticosteroid admin-
istration [55]. Coincident with the excellent short-term efficacy of corticosteroids,
the long-term outcome of IgG4-SC appears to be excellent. In Table 10.3, the

Table 10.3 Treatment and outcomes of patients with IgG4-SC

Mortality
due to
Follow-up Progression | All-cause liver and
period Corticosteroid | to cirrhosis | mortality bile duct
Region| Year |n (months) treatment (%) | (%) (%) LT | discases
USA |2008 |53 |29.5° 30 (57%) 4 (7.5%) 7(13%) |0 |1(1.9%)
[19]
UK 2014 (68 |325 98 (85%)° 6 (5.2%)* 11 1 |32.6%)"
[20] (9.6%)*
Japan |2017 |527 [49.2 458 (88%) N/A 26 (5%) |0 |4(0.8%)
[23]

Immunoglobulin G4-related sclerosing cholangitis (IgG4-SC), liver transplantation (LT)
* Mean follow-up period of patients treated with corticosteroids
® Proportion of 115 patients with autoimmune pancreatitis, including those without IgG4-SC
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outcomes are summarized for the US, UK, and Japanese cohorts. During 4.1+3.1
years of follow-up in the Japanese cohort, 27 patients (5%) were reported to have
died; however, only four patients died from liver or bile duct-related pathological
conditions. No liver transplantation was performed in this cohort. Cirrhosis progres-
sion accounted for two deaths. The overall 5- and 10-year survival rates were 94.4%
and 81.0%, respectively, and the 5- and 10-year survival rates from hepatobiliary
disease-related deaths were 98.9% and 97.7%, respectively. Conversely, progres-
sion to cirrhosis was noted in 5.2% and 7.5% of patients in the UK and US cohorts,
respectively. Mortality due to liver or bile duct complications was observed in only
one case in the US cohort and in two cases liver failure and cholangiocarcinoma and
one case that underwent liver transplantation in the UK cohort.

In contrast, relapse of IgG4-SC, that is, restenosis of the bile ducts, is commonly
observed, particularly in patients for whom corticosteroid treatment is terminated.
During the follow-up period, relapse of IgG4-SC was noted in 104 patients (19%) in
the Japanese cohort. The cumulative rates of restenosis were 1.6%, 7.6%, and 16.5%
at 1, 3, and 5 years after diagnosis, respectively. Nevertheless, the overall survival
was similar between patients with and without restenosis. In the multivariate analy-
sis, the presence of any symptoms at presentation and discontinuation of corticoste-
roid treatment were identified as factors independently associated with relapse [23].
A retrospective study at the Mayo Clinic demonstrated that rituximab maintenance
therapy reduces the rate of relapse [56]. However, it is of note that a minority of
patients with multiple organs affected, a more fibrotic phenotype, and multiple duct
strictures may exhibit poor responses to corticosteroids [8, 57]. The efficacy of ritux-
imab and other immunomodulatory agents, including thiopurines and mycopheno-
late mofetil, should be investigated in refractory cases in the near future.

10.9 Future Direction

IgG4-SC is a relatively new clinical entity, and a number of uncertainties still
remain, including etiology, incidence and prevalence, risk factors, biomarkers for
diagnosis (autoantibodies), natural history, and long-term outcomes. In particular,
biomarkers with high specificity and sensitivity are required. Currently, the diagno-
sis of IgG4-SC is largely based on elevated serum IgG4 levels because imaging
results could be challenging to interpret, and it could also be difficult to obtain
adequate amounts of samples for histological examination. However, some patients
with IgG4-SC have normal IgG4 levels. International and collaborative efforts are
required to develop large-scale registries of patients with IgG4-SC and to validate
the utility of novel biomarkers for the diagnosis of this disease.
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Overlap Syndromes 1

Nora Cazzagon and Olivier Chazouilléres

11.1 Introduction

Three well-defined rare autoimmune diseases, namely autoimmune hepatitis (AIH),
primary biliary cholangitis (PBC), and primary sclerosing cholangitis (PSC) may
affect the liver. AIH targets hepatocytes and is characterized by a predominant hepa-
tocellular injury, whereas PBC and PSC target bile ducts and are characterized by
predominant cholestatic features. These three diseases are generally differentiated
easily on the basis of clinical, biochemical, serological, radiological, and histologi-
cal findings (Table 11.1). However, patients may present at diagnosis or develop
during follow-up, features of two diseases, typically PBC and AIH or PSC and AIH
(Fig. 11.1). Overlapping features between PBC and PSC have been described only
in a few case reports of variable quality and do not represent a real issue.

The term overlap syndrome is often used to describe these variant forms.
Unfortunately, lack of universal agreement on what precisely constitutes an overlap
syndrome has generated considerable confusion in the literature, and the clinical
phenotypes of patients with the same overlap syndrome designation exhibit consid-
erable heterogeneity [1]. As a result, “overlap syndrome” is one of the most abused
descriptive term currently used in hepatology [2].

The three diseases share similar pathogenic themes of injury, including genetic
predisposition relating to defect in immunological control of autoreactivity, as well
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Table 11.1 Features of autoimmune liver diseases

ATH PBC PSC
Gender Female > male (4:1) | Female > male Male > female (2:1)
9:1)
Coexisting IBD 3-10% (PSC should | Not characteristic | Up to 80%
be excluded)
ANA 70-80% 30-50% (some 30-70%
specific)
ASMA 70-80% May be present: 0-80%
<10%
AMA 5-10% 95% Coincidental
p-ANCA Up to 90% 0-5% 25-95%
Immunoglobulins IgG elevated 1gM elevated in IgG elevated (2/3) and
most IgM (45%) elevated
Cholangiography Usually normal Normal Multifocal stricturing
(not in small-duct PSC)
Interface hepatitis Characteristic Variably present Variably present
Biliary changes 10% Inflammatory Onion-skin periductal
duct lesion fibrosis (<30%)
Response to Yes Mild Minimal
immunosuppression

AIH autoimmune hepatitis, AMA antimitochondrial antibody, ANA antinuclear anti-body, ASMA
anti-smooth-muscle antibody, /BD inflammatory bowel disease, pANCA perinuclear anti-neutrophil
cytoplasmic antibody, PBC primary biliary cholangitis, PSC primary sclerosing cholangitis

Most characteristic features are indicated in bold

Fig. 11.1 Overlap syndromes of the classical autoimmune liver diseases. PBC-PSC overlap syn-
drome is an extremely rare (and even controversial) condition. Autoimmune hepatitis (AIH), pri-
mary biliary cholangitis (PBC), primary sclerosing cholangitis (PSC)

as environmental triggers, which precipitate a persistent breakdown in self-toler-
ance, and liver disease represents the result of a cell and antibody-mediated immu-
nological attack against liver-specific targets.

The overlap syndrome pathogenesis is highly debated, and it remains unclear
whether two distinct diseases coexist in one patient; whether these forms are an own
entity or whether they represent a variant form of either disease (PBC, PSC, or
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AIH). The latter seems to be the most appropriate since a predominant phenotype
can be identified in most cases. For example, in PBC-AIH overlap, it has been pro-
posed that overlap represents an “hepatitic” form of PBC in genetically susceptible
individuals (HLA-B8, DR3- or DR4-positive) [3]. This would fit with the hypothe-
sis that immune-mediated disease can develop (“secondary” AIH) in any suscepti-
ble host if, for some reason, the local milieu becomes pro-inflammatory. In this
regard, the name overlap that strongly suggests the presence of two distinct diseases
could be a misnomer. As a result, according to the EASL AIH and PBC guidelines,
the preferred terminology to describe these conditions is now “variants forms,” pri-
marily variants forms of the cholestatic autoimmune liver disease with autoimmune
features [4, 5]. By contrast, recent British and US PBC guidelines still use the term
“overlap” [6, 7].

A key point is that no autoimmune liver disease has an absolute diagnostic test
(the possible exception being PBC), and there is intrinsic scope for individuals to
present with overlapping features of more than one of these conditions although, in
most cases, it is possible to define one primary disorder (“dominant” disease).
Overlapping presentations include: biochemical overlap (AST or ALT>5 ULN in
patients with PSC or PBC; or ALP>3ULN in patients with AIH), serological over-
lap (positive ASMA in AMA-positive PBC; or positive AMA in AIH), histological
overlap (interface hepatitis on liver biopsy with biliary lesions indicative of PBC or
PSC), radiologic overlap (cholangiographic abnormalities associated with clinical
features of AIH), and finally, varying combinations of the above. However, these
overlapping presentations have various significance, the weaker being probably
immunoserology. Indeed, autoantibody profile should never be used in isolation but
rather interpreted in conjunction with biochemical, radiological, and histological
features. Laboratory features lack sensitivity considering that cholestasis in itself
can cause raised ALT levels in the absence of inflammation and that cirrhosis can
lead to high IgG levels in the absence of histological hepatitis. By contrast, a good-
quality cholangiogram and/or liver biopsy interpretation are the strongest means to
diagnose overlap. Finally, it should be kept in mind that the diagnosis of AIH is, at
least in part, a diagnosis of exclusion and that other causes of liver damage have to
be ruled out, including intercurrent drug-induced liver injury and occasionally, hep-
atitis E.

The aim of this chapter is to describe the overlap syndrome (OS) between pri-
mary biliary cholangitis and autoimmune hepatitis (PBC-AIH) and primary scleros-
ing cholangitis and autoimmune hepatitis (PSC-AIH), especially focusing on the
clinical presentation, the diagnostic criteria, including the histological features, the
therapy and the natural history of OS, and finally, the association with extrahepatic
autoimmune disorders.

It should be kept in mind that OS should not be overdiagnosed in order not to
expose PBC or PSC patients unnecessarily to the risk of steroid side effects. On the
other hand, tragic consequences of a missed opportunity of instituting immunosup-
pressive therapy in overlap patients have occasionally been reported [8]. The low
prevalence of overlap syndromes has made it impracticable to perform randomized
controlled trials. As a consequence, treatment of OS is largely empiric.
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11.2 Clinical Features of Overlap Syndromes

It is generally assumed that PBC-AIH OS is present in around 8—10% of adult
patients with PBC or AIH, even if these frequencies are quite variable in different
studies depending of the diagnostic criteria applied and the size of the population
included [9]. The reported prevalence figures of PSC-AIH OS vary greatly due to
the lack of precise and strict diagnostic criteria. When the revised International
Autoimmune Hepatitis Group (IAIHG) criteria were applied to a large series of
PSC patients, the prevalence of PSC-AIH overlapping features ranged from 7 to
14% [9]. On the other hand, cholangiographic abnormalities typical of PSC are
found in AIH patients at a various prevalence depending on the age of patients
evaluated: 2-10% in adults (41% if ulcerative colitis (UC) is present) and up to
50% in children [10].

PBC-AIH OS may present simultaneously or consecutively and the former
presentation is more frequent. The simultaneous occurrence of PBC and AIH is
characterized by a hepatitic and cholestatic profile at the same time, an elevation
of both serum immunoglobulin G (IgG) and immunoglobulin M (IgM), the posi-
tivity of autoantibodies characterizing the two diseases, and the presence of his-
tological features of both PBC and AIH [11, 12]. The sequential development of
PBC-AIH OS may present in two different modalities. In most cases, PBC is the
first diagnosis, and AIH occurs 6 months—14 years after the initial diagnosis of
PBC [13-16]. More rarely, patients with AIH may develop PBC within 1-20
years after the initial diagnosis of AIH [14-19]. The sequential development of
overlap should be suspected when a hepatitic or a cholestatic flare appears during
the course of the disease, or when an incomplete response to standard treatment
is observed. In these cases, a diagnostic workup, including liver biopsy, to
exclude or confirm the presence of OS is recommended [5, 9]. Unfortunately, the
development of sequential overlap is unpredictable. Symptoms of PBC-AIH OS
are usually fatigue and pruritus and the latter seems to be less frequent in these
patients compared to patients with pure PBC [20, 21]. Other reported symptoms
are malaise, abdominal pain, weight loss, and general symptoms of chronic liver
diseases. As in pure PBC or AIH, age at diagnosis of PBC-AIH OS is variable,
but some studies have suggested that patients with OS are younger at diagnosis
than those with pure PBC [20, 22].

PSC-AIH OS has been described in both children and adults and is assumed to
exist in a considerable part of mainly young patients with autoimmune liver dis-
ease. In adults, AIH and PSC may be concurrent or sequential in their occurrence,
typically with AIH presenting first, as illustrated by a case series of AIH patients
becoming cholestatic and resistant to immunosuppressive therapy [23]. AIH is
more rarely diagnosed in patients with an original diagnosis of PSC. Symptoms of
PSC-AIH OS, similarly to PBC-AIH OS, are highly nonspecific and include
fatigue and pruritus but symptoms may be absent in a relevant percentage of
patients. Age at diagnosis of PSC-AIH OS was suggested to be lower than in
patients with PSC [24].
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11.3 Diagnosis of Overlap Syndromes

The diagnosis of OS is based on the concomitant presence or sequential develop-
ment of biochemical, serological, histologic, and, for PSC, cholangiographic fea-
tures of the two diseases.

11.3.1 Diagnostic Criteria of PBC-AIH Overlap

The most widely applied criteria for PBC-AIH OS are the so-called Paris criteria,
which were derived by the end of 1990s by identifying 12 patients with PBC-AIH
OS among PBC patients by the presence of PBC and AIH, either simultaneously or
consecutively [11]. For the diagnosis of each disease, the presence of at least two of
the following three accepted criteria was required:

Criteria for PBC:

1. Serum alkaline phosphatase (AP) levels at least two times the upper limit of
normal (ULN) values or serum gamma-glutamy] transpeptidase (GGT) levels at
least five times the ULN values

2. A positive test for antimitochondrial antibodies (AMAs) and

3. A liver biopsy specimen showing florid bile duct lesions

Criteria for AIH:

1. Serum alanine transaminase (ALT) levels at least five times the ULN values

2. Serum immunoglobulin G (IgG) levels at least two times the ULN values or a
positive test for anti-smooth muscle antibodies (ASMAs) and

3. A liver biopsy showing moderate or severe periportal or periseptal lymphocytic
piecemeal necrosis [11]

Other studies published in the same period defined the presence of PBC-AIH OS
by applying less strict histological and clinical criteria of both diseases [3] or even
by employing, in AMA-positive patients, the original IAIHG score for diagnosing
AIH [12]. Subsequently, studies applied the revised AIH score [25] or the simplified
AIH score [26] to PBC patients to retrospectively identify patients treated with cor-
ticosteroids, but these scores were shown to be less performant compared to Paris
criteria [27] since they were not originally developed to diagnose cholestatic vari-
ants of AIH. At present, Paris criteria are the most widely applied [13, 15, 20-22,
27-30], and most experts agree that these criteria provide a diagnostic template that
can be consistently applied. The 2009 European Association of the Study of the
Liver guidelines on the management of cholestatic liver diseases endorsed the Paris
criteria for the diagnosis of PBC-AIH OS and specified that histologic evidence of
moderate to severe lymphocytic piecemeal necrosis (interface hepatitis) was man-
datory for the diagnosis of PBC-AIH OS [31]. Moreover, the same guidelines stated
that PBC-AIH OS should always be suspected in PBC patients in case of poor
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response to UDCA because of potential therapeutic implications [31]. Nevertheless,
there are still several areas of uncertainty, including the cutoffs for IgG/gamma-
globulins and transaminases levels to indicate liver biopsy and the grade of hepatitis
activity to indicate immunosuppression [5]. Indeed, the recent EASL guidelines on
AIH recommend treatment for patients with AIH at lower cutoffs for transaminase
or IgG levels and a histological mHAI score as low as 4 [4]. Indeed, Paris criteria
may not identify patients with less severe forms of OS, which did not fulfill the
biochemical criteria or serological criteria despite the presence of histologic fea-
tures of both PBC and AIH. To overcome these limitations, a new scoring classifica-
tion for PBC-AIH OS was recently proposed, but this score needs to be externally
validated before its dissemination since is potentially associated with an overesti-
mation of diagnosis of PBC-AIH OS [32].

11.3.2 Diagnostic Criteria of PSC-AIH OS

Despite the absence of precise and strict criteria, the diagnosis of PSC-AIH OS is
made in a patient with overt cholangiographic or histological features of PSC,
together with robust histological features of AIH concurrently or historically [1, 9]
(Table 11.2). The diagnosis of large-duct PSC should always be established on the
base of typical cholangiographic findings (alternating strictures and dilatations of
intra and/or extrahepatic bile ducts), keeping in mind that an intrahepatic biliary
tree, which simulates a sclerosing pattern, can be observed in any liver disease with
extensive fibrosis. One study evaluated 79 patients with a confirmed diagnosis of
AIH and found that 10% of patients had MRI findings consistent with a

Table 11.2 Proposed criteria for a diagnosis of overlap syndrome

Presence of at least two of the three accepted key criteria required for diagnosis of each
disease:

PBC 1. AP > 2 ULN and/or GGT > 5 ULN

2. AMA > 1/40 or PBC-specific ANA

3. Florid bile duct lesions (liver biopsy)

PSC 1. AP > 2 ULN and/or GGT > 5 ULN
(causes of secondary SC | 2. Typical cholangiographic abnormalities
excluded) 3. Periductal fibrosis (liver biopsy)

NB: some cases of overlap with “small-duct” PSC
AIH 1.ALT > 5 ULN

2.1gG levels > 2 ULN* or ASMA > 1/80
3. Moderate or severe periportal or periseptal lymphocytic
piecemeal necrosis (liver biopsy) (mandatory)

PBC primary biliary cholangitis, PSC primary sclerosing cholangitis, A/H autoimmune hepatitis,
AP alkaline phosphatase, AMA antimitochondrial antibody, ANA antinuclear anti-body, GGT
gamma-glutamyl transferase, ASMA anti-smooth-muscle antibody

220 g/L tends to be the usual proposed cutoff
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cholangiopathy, suggesting the presence of PSC-AIH OS. These patients were char-
acterized by lower age at diagnosis, higher baseline ALP, and higher bilirubin at the
time of MRI and greater lobular activity at the time of liver biopsy [33]. On the other
hand, a French study reported that one quarter of AIH patients had mild MRCP
abnormalities of intrahepatic bile ducts in 24% of AIH patients, which were associ-
ated with the presence of advanced fibrosis, but finally a definite diagnosis of con-
current sclerosing cholangitis was made in only 1.7% of AIH [34].

Some cases of small-duct PSC (normal cholangiogram)-AIH OS have also been
reported, but it can be argued that approximately 10% of patients with typical AIH,
with or without ulcerative colitis, may have histological features of bile duct injury
as extensively discussed below.

In children, the hepatitic feature can be very dominant and up to 50% of pediatric
AIH (clinical and/or evidence of liver disease associated with circulating autoanti-
bodies) have cholangiographic abnormalities suggestive of PSC, including some
(25%) without any histological features of bile duct injury or biochemical cholesta-
sis [10]. Inflammatory bowel disease (IBD) was present in 44% of these children
compared to 20% of those with AIH alone. The term “autoimmune sclerosing chol-
angitis (AISC)” was introduced by Mieli-Vergani’s group to describe this variant of
AIH in pediatric patients [10]. Evolution from AIH to AISC has been documented,
supporting the view that they could be part of the same pathogenic process. It has
been proposed that at least some adult PSC cases may represent an advanced, at
times “burnt out,” stage of AISC, but whether childhood AISC and adult PSC belong
to the same disease spectrum remains to be established. These findings suggest also
the need of an investigation of the biliary tree at least with MRCP in all children
with a diagnosis of AIH. At present, this variant seems unique for children, as a
prospective study in adults with AIH was negative, and thus, in the absence of cho-
lestatic indices, MRCP screening does not seem justified in adult-onset AIH [34].
However, in particular cases, such as in young adults with AIH and cholestatic fea-
tures or inflammatory bowel disease and in AIH patients with remaining cholestasis
despite adequate immunosuppression, MRCP for the detection of possible underly-
ing or coexistent PSC is recommended [35].

11.3.3 Biochemical Features of Overlap Syndromes

Patients with PBC-AIH OS are typically characterized by hepatitic and cholestatic
profile and an elevation of both immunoglobulin G and immunoglobulin M. In com-
parison with patients with pure PBC, patients with PBC-AIH OS showed, as
expected, higher transaminases, higher gamma-globulins, and higher IgG. Otherwise,
compared to patients with pure AIH, PBC-AIH OS patients show higher AP, both at
baseline and also during remission, higher GGT, and IgM, but lower transaminases
and bilirubin. Similarly, patients with PSC-AIH OS had higher serum globulins,
transaminases, and IgG levels than PSC alone [24, 36].
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11.3.4 Serology of Overlap Syndromes

Serum autoantibodies are frequently described in autoimmune liver disease, and
their presence is used to subclassify disease.

PBC-AIH OS may present serological pattern of both PBC and AIH, however,
the concomitant presence of autoantibodies of the two diseases is not sufficient for
the diagnosis of OS and, moreover, is not predictive of the sequential development
of OS in a patient with a previous diagnosis of PBC or AIH [37]. Type-I AIH is typi-
cally characterized by antinuclear antibodies (ANA) and/or ASMAs, while type-II
AIH is characterized by anti-liver kidney microsomal type-I (anti-LKM-1) antibod-
ies, which are mostly directed toward the human cytochrome P450IID6, or rarely
anti-liver cytosol (anti-LC) antibodies. Anti-soluble liver pancreas antigen (SLA/
LP) antibodies were originally thought to identify a third group of AIH, but more
than 75% of anti-SLA/LP-positive patients are also ANA- and/or SMA-positive.
PBC is characterized by anti-mitochondrial autoantibodies (AMA) positivity in up
to 95% of patients. ANA positivity is also reported in 30-50% of patients, but, in
PBC, some ANA are directed against specific antigens, namely gp210 and sp100.
The presence of anti-gp210 and/or anti-sp100 antibodies in PBC patients is more
often observed in AMA-negative patients, and their identification supports the diag-
nosis of PBC in patients with biochemical features of cholestasis. The serological
pattern of reactivity of PBC-AIH OS has been largely reported and is characterized
by AMA positivity in 60-100% of patients, SMA positivity in up to 75% of patients
(lower in Eastern population), ANA positivity in 33—-100% of cases with PBC-
specific ANA (i.e., anti-gp210 and anti-sp100) positivity reported in up to 55% of
ANA-positive cases [38]. Among ANA-positive OS, several immunofluorescence
pattern of ANA in OS are possible: homogeneous in 28-33% of cases, speckled
pattern in 33—43%, nuclear rim in 14-33%, and anti-centromere in 7-14% [11, 39].
Anti-SLA was reported in 7-33% of PBC-AIH OS, and since these antibodies had
the highest specificity for AIH among AIH-related autoantibodies [40], some
authors suggested that the presence of anti-SLA/LP antibodies could be helpful in
the diagnosis of a “variant” syndrome of PBC with AIH features and that immuno-
suppressive treatment should be offered to these patients when a relevant inflamma-
tory activity is suspected [3, 41]. The presence of anti-LKM-1 has been poorly
reported in adult patients with OS and varies between 1 and 7% in different studies.
Anti-double-strand DNA (anti-dsDNA) positivity was reported in 38-60% of
patients with PBC-AIH OS diagnosed according to Paris criteria [38, 39, 42], and
this frequency was significantly higher than in patients with pure PBC (3%) and
pure AIH (26%) [39]. Interestingly, the concomitant positivity for anti-dsDNA and
AMA seemed highly specific (98%) for the diagnosis of PBC-AIH OS, with a
reported likelihood ratio for a positive and a negative test of 28 and 0.5, respectively
[39]. Overlap of AMA-negative PBC with AIH has also been reported [11], but in
these cases, the diagnosis of overlap is highly challenging because histological bili-
ary injury may also be observed in “pure” AIH as a collateral damage in the context
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of a marked inflammation (see below). As a consequence, a diagnosis of overlap in
these patients lacking “specific” PBC autoantibodies can be reasonably made only
if marked biochemical cholestasis and/or granulomatous (not purely lymphocytic)
cholangitis are present.

Atypical nonspecific antibodies directed against neutrophil cytoplasmic antigens
(ANCA), distinct from those seen in microscopic polyangiitis or Wegener’s granu-
lomatosis, are detectable in up to 88% of patients with PSC, UC (~87%), and AIH
(50-96%) [43]. Differently from systemic vasculitis, ANCA titers do not correlate
with disease activity in autoimmune liver disease and in inflammatory bowel dis-
ease [44, 45]. In patients with PSC-AIH OS, the prevalence of ANCA reactivity
appeared comparable to that observed in PSC patients, but the presence of non-
organ-specific autoantibodies appeared higher in the former group [24]. ANA
(8=77%) and ASMA (up to 83%) reactivity is also variably reported in PSC [46],
and in patients with PSC-AIH OS, their prevalence appears similar to that observed
in patients with ATH [36].

11.3.5 Liver Biopsy in Overlap Syndromes

Liver biopsy is considered a prerequisite for the diagnosis of AIH [4, 47], and it is
mandatory in clinical practice when an OS is suspected [5, 9]. Histological features
of PBC-AIH OS were extensively reported and include in most cases the concomi-
tant presence of typical findings of both diseases (Fig. 11.2). The most frequent
histological finding in AIH is the presence of lymphocytic interface hepatitis, which
is characterized by the presence of lymphocytic, often lymphoplasmacytic,

Fig. 11.2 Histological features of
PBC-AIH overlap syndrome.
Lymphocytic cholangitis (star) and
diffuse interface hepatitis (arrow)
(HE-staining, original magnification
x100). (Courtesy of Pr

Dominique Wendum)
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inflammatory infiltrates invading the limiting plate and extending from portal tracts
into acinar tissue with hepatocyte injury [48, 49]. Interface hepatitis differs from
biliary interface modifications (previously described as “biliary interface activity”),
that is, the consequence of major cholestasis and associates ductular reaction, neu-
trophilic inflammation, and cholate stasis of periportal hepatocytes [50] (Fig. 11.2).
Nevertheless, lymphocytic interface hepatitis is not pathognomonic of AIH since it
can be also seen in approximately 25% of PBC and PSC patients [9], in drug-related
liver injury, and also in viral hepatitis. PBC histological hallmarks are chronic non-
suppurative destructive cholangitis, which is characterized by lymphocytic infiltra-
tion of the biliary epithelium, biliary epithelial cells senescence, and bile duct loss,
with areas of macrophage-rich fibrosis replacing bile ducts in portal tracts. However,
interface hepatitis develops at some degree in untreated pure PBC and is associated
with disease progression [51, 52]. In a study comparing 41 PBC patients with inter-
face hepatitis and 43 AIH treatment-naive patients, the degree of interface hepatitis
did not differ between the two groups, but, in AIH, a higher score of lobular hepati-
tis with zonal or even bridging necrosis, focal hepatocellular necrosis, hepatitic
rosette formation, and emperipolesis was observed compared to PBC [53].
Moreover, hepatocellular injuries associated with interface and lobular hepatitis in
AIH seems not be identical to PBC and by analyzing immunophenotypes of infil-
trating inflammatory cells and infiltrating plasma cells with respect to immuno-
globulin classes [52—-54]. On the other hand, pure AIH may be characterized in one
quarter of patients by bile duct injury, variously characterized by nondestructive,
destructive cholangitis, and even ductopenia [55]. Other groups reported much
higher prevalence of biliary damage in AIH [56, 57].

The general opinion is that bile duct injury in AIH is reliably a collateral injury
associated with an exuberant inflammatory process due to a possible promiscuous
nature of the immune-mediated response targeting not only hepatocytes, but also
cholangiocytes [55, 58], and the presence of bile duct injury and ductular reaction
in ATH do not necessarily imply a change in therapeutic management in such cases
[55,59].

PSC is characterized by a progressive and chronic injury possibly occurring in
small, medium, and large bile ducts with inflammatory and obliterative concentric
periductal fibrosis, so-called onion skin fibrosis, leading to biliary strictures and
eventually occlusion. Although periductal fibrosis is regarded as typical for PSC, its
frequency and localization varies greatly in adult patients with PSC [60-62], more-
over, certain heterogeneity in distribution of portal and septal fibrosis, ductular reac-
tion, and portal lymphocyte infiltrations can be observed in the liver of patients with
PSC [63]. Thus, it appears clear that in case of suspicion of PSC-AIH OS based on
cholangiographic findings, a liver biopsy without typical histological finding of
PSC does not exclude the diagnosis of OS. However, PSC-AIH OS is typically
characterized by the concomitant presence of periductal fibrosis and diffuse inter-
face hepatitis (Fig. 11.3).

In clinical practice, the good-quality liver biopsy interpretation is key, and a spe-
cialist review of liver biopsies has a major added value [64].
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Fig. 11.3 Histological features of
PSC-AIH overlap syndrome.
Sclerosing cholangitis (star) and
lymphocytic interface hepatitis
(arrow) (HE-sstaining, original
magnification x100). (Courtesy of Pr
Dominique Wendum)

11.4 Course of Overlap Syndromes and Therapy

Patients with PBC-AIH OS seems to have a more severe disease compared to
conventional PBC as illustrated by a higher frequency of extensive fibrosis at
presentation, despite a younger age in some reports [22]. In PBC patients, urso-
deoxycholic acid (UDCA) (15 mg/kg/day) leads to slowed progression of fibro-
sis and liver failure, in particular, in patients who demonstrate an adequate
biochemical response to therapy [65, 66], which can be assessed according quali-
tative binary definitions (Barcelona [67], Paris I and II [65, 68], Toronto [69], and
Rotterdam [66] criteria) or continuous scores (Globe score [70] and UK-PBC
score [71]). Patients who respond to UDCA therapy have a significantly better
transplant-free survival than nonresponders. On the other hand, PBC patients
presenting with significant interface hepatitis at liver biopsy may show a rapid
progression of fibrosis and, in this situation, the institution of immunosuppres-
sion has to be considered [12, 72, 73]. Moreover, patients who are nonresponders
to UDCA, with persistent cholestatic enzyme elevation, showed a clear benefit
after starting second-line therapy with obeticholic [74, 75] acid (OCA) or fibrates
[76]. On the other hand, once the diagnosis of AIH is achieved, the institution of
immunosuppressive therapy, based on the use of steroids (usually prednisone/
prednisolone) monotherapy or in combination with azathioprine, is mandatory
[4,47]. The goal of therapy in AIH is the achievement of biochemical remission,
defined as normalization of transaminases and IgG, and histological remission,
defined as score of inflammatory activity below 4/18 according to the modified
HAI grading [77].

Patients with overlapping features of PBC and AIH showed, in most of cases, a
positive response to the immunosuppressive and UDCA combination therapy [3,
11-18, 20-22, 29, 38, 39, 73, 78-81], but the criteria of response for the single dis-
eases have not yet been validated in PBC-AIH OS, and thus the evaluation of
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response in OS patients remains a challenge. Chazouilleres et al. retrospectively
reported about 17 patients with OS, identified according Paris criteria, and followed
up for a mean interval time of 7.5 years. Among them, 11 patients were initially
treated with UDCA alone and the remaining six with UDCA and immunosuppres-
sive drugs (initially prednisone/prednisolone 0.5 mg/kg/day monotherapy, progres-
sively tapered and subsequent addition of azathioprine or mycophenolate mofetil as
corticosteroids-sparing agents). Only three patients treated with UDCA alone were
responders (in terms of transaminases <2ULN and IgG<16 g/L), and a subsequent
liver biopsy showed a decreased or stable inflammatory activity and no increase in
fibrosis after a median time of 4.5 years was reported. The eight nonresponders to
UDCA alone showed, in subsequent liver biopsy, an increase of activity in 38% of
cases and of fibrosis in 89% of patients without cirrhosis at baseline. By contrast, all
six patients initially treated with immunosuppressive and UDCA in combination
were responders, and subsequent liver biopsies showed a decreased or stable activ-
ity in 67% and 17% of cases, respectively, and a stability of fibrosis in all noncir-
rhotic patients. Seven nonresponders to UDCA monotherapy were then treated with
immunosuppressants, and after 4 years, liver biopsy available in three showed
decrease or stable fibrosis. Finally, one nonresponder to UDCA monotherapy
declined immunosuppression and follow-up biopsy showed an increase of fibrosis.
The efficacy of immunosuppressive and UDCA combination therapy was confirmed
in different studies, also including patients with sequential development of OS [3,
12, 16, 38]. Other data suggested that PBC-AIH OS patients less likely have a com-
plete response to immunosuppressive agents compared to AIH alone, but, in these
studies, UDCA therapy was not given in combination from the beginning but sub-
sequently added during the follow-up [18, 82]. Only one study reported on 16
patients retrospectively identified with PBC-AIH OS a similar percentage of bio-
chemical improvement after UDCA compared to patients with PBC alone, but his-
tological fibrosis course was not assessed, and thus no firm conclusions can be
drawn from this study [28].

The more recent results of a large retrospective multicenter study (88 patients
defined according to Paris criteria) have underlined the predictive role of the inter-
face hepatitis degree. In this study, 30 patients received UDCA alone and 58 patients
a combination of UDCA and immunosuppression (prednisone +/—azathioprine) as
first-line therapy, and in patients with moderate interface hepatitis, UDCA alone or
combination therapy had similar efficacy (80%) in terms of biochemical response,
whereas in patients with severe hepatitis, efficacy of UDCA alone was much lower
(14% vs. 71%, respectively). Second-line immunosuppressive agents (cyclosporine,
tacrolimus, and mycophenolate) led to biochemical remission in half of the patients
who were nonresponders to initial immunosuppression and UDCA combination
[38]. The combination therapy with UDCA and immunosuppressive was shown to
be effective also in PBC-AIH OS with cirrhosis decompensation at baseline [30],
whereas UDCA monotherapy was associated to a lower remission rate and a lower
transplant-free survival [38]. Anecdotical use of several different agents in associa-
tion with UDCA or as third-line therapy in nonresponders to standard combination
therapy was reported in PBC-AIH OS patients, such as budesonide in combination
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with UDCA [83], cyclophosphamide and cyclosporine [3, 22, 38], tacrolimus,
mycophenolate mofetil, and methotrexate [38, 84]. Recently, OCA has been
approved as a second-line therapy for PBC patients with an inadequate response to
UDCA monotherapy [74]. Impressive results of fibrates have also been reported in
these patients [76]. It’s important to differentiate patients with “classical” PBC and
nonresponse to UDCA from those with overlap who are also nonresponsive to
UDCA. Whether the pleiotropic effects of fibrates or farnesoid X receptor agonists
like OCA have sufficient immunosuppressive capacities and could be beneficial for
overlap syndromes is currently unknown, but bezafibrate in association to UDCA
was reported to be effective in one patient with OS [72]. Relapse after immunosup-
pressive agents’ withdrawal was variably reported in different studies and occurs
generally in a high percentage of patients [12, 18, 22]. However, these patients usu-
ally respond well to reintroduction of immunosuppressive agents. Chazouilleres
reported that one-third of patients successfully stopped immunosuppressive agents
after a median interval time of 2.7 years and maintained persistent normal transami-
nases and no progression of fibrosis at subsequent biopsy was reported [73]. This
rate of successful withdrawal seems higher than in classical AIH. Corticosteroid
therapy in OS is generally safe, even in rare patients with decompensated cirrhosis
[30], and is usually not associated with an increased risk of bone disease compared
to UDCA alone [29].

The natural course of PBC-AIH OS is aggressive if an adequate therapy is not
established due to the persistence of inflammatory activity and the progression of
fibrosis. On the other hand, patients with OS, responders to appropriate therapy,
showed a comparable liver transplant-free survival to patients with PBC [84] and
AIH [18]. However, some studies suggested that patients with PBC-AIH OS are
characterized by a higher rate of cirrhosis decompensation events and adverse out-
comes compared to patients with PBC [20, 84]. In particular, in patients with
decompensated cirrhosis, prognosis was strongly related to the efficacy of the com-
bination therapy with UDCA and immunosuppressive agents [17, 30, 81]. Finally,
Hispanics with PBC-AIH OS were suggested to have a more aggressive disease
course than non-Hispanics [21].

Similar to PBC-AIH OS, there are no double-blind, randomized controlled trials
in PSC-AIH OS. It should be kept in mind that, although immunosuppressants ben-
efit the hepatitic component of ATH, no survival benefit has been demonstrated with
UDCA in PSC. In addition, unlike in PBC and AIH, biochemical improvement in
PSC does not necessarily translate into better clinical outcome. Various results of
therapy (usually prednisolone and azathioprine with or without UDCA) have been
reported in patients with PSC-AIH overlap [23, 24, 85, 86]. It is difficult to draw any
firm conclusions because of the small number of patients, the usually retrospective
nature of the studies and the heterogeneity of the regimens. The combination of
UDCA and immunosuppressive therapy may improve liver biochemistry, and this
approach has been advocated by EASL guidelines [31], whereas the AASLD guide-
lines recommend the use of corticosteroids and other immunosuppressive agents,
and the IATHG position is to consider immunosuppressive treatment with or without
UDCA [9]. Unsurprisingly, patients with PSC-AIH overlap have a poorer outcome
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when compared to those with (treated) AIH alone, with more patients failing immu-
nosuppressive therapy [18, 87, 88]. In the pediatric AISC form treated with immu-
nosuppressants, liver biopsies may show improvement in inflammation, but
cholangiographic appearances may progress, and transplant-free survival at 10
years (65%) is lower than in AIH (100%) [10]. In the series with the most homoge-
neous regimen (UDCA, prednisolone and azathioprine), including seven young
adults with a mean follow-up of 8 years, the Mayo risk score did not increase and
transplant-free survival was much better (100%) than that of 34 classical PSC (43%)
with the same follow-up and treated with UDCA [24]. However, in the long-term
(>10 years), long-term progression toward cirrhosis seems to occur in the majority
of patients.

Liver transplantation (LT) for end-stage liver disease in OS (both PBC-AIH and
PSC-AIH OS) is associated with a shorter duration from diagnosis to LT, a higher
probability of recurrence of at least one disease, and a shorter median time to recur-
rence compared to patients with a single-autoimmune liver disease [89]. Moreover,
the use of mycophenolate mofetil as part of immunosuppression and the presence of
OS were independent predictive factors of recurrence. However, no differences in
graft loss and patients’ survival between patients with OS and patients with single-
autoimmune liver disease were reported. In patients transplanted for OS, the recur-
rence in the graft can be characterized by the recurrence of OS or of a single
disease [89].

In conclusion, the combination therapy of UDCA and immunosuppressive agents
appears to be effective in patients with PBC-AIH OS to achieve biochemical remis-
sion, to reduce hepatic inflammation, and to prevent fibrosis progression. To date, it
is recommended in patients with severe interface hepatitis at initial biopsy.
Differently, patients with mild or moderate interface hepatitis and no advanced
fibrosis may benefit of UDCA monotherapy, and, in these patients, immunosuppres-
sive agents may be added in case of persistent biochemical activity as suggested by
EASL guidelines. Otherwise, there are no criteria to evaluate response to therapy in
PBC-AIH OS, neither the optimal time to perform a second biopsy to assess histo-
logical remission, and thus eventually support the decision regarding immunosup-
pressive drug withdrawal. Normalization of transaminases, 1gG, and AP in these
patients seems a reasonable target, but whether biochemical remission is indicative
of absence or minimal histological activity in patients with PBC-AIH OS is still
unknown. Similarly, the data presented above support the use of UDCA in combina-
tion with an immunosuppressive regimen in most patients with PSC-AIH OS
patients despite the lack of adequate studies. However, the key point is that, even
more than in PBC-AIH overlaps, treatments in PSC-AIH overlaps should be indi-
vidualized based on biochemical, serological, cholangiographic, and histological
findings. In patients with severe interface hepatitis, use of immunosuppressants is
mandatory. In other cases (moderate interface hepatitis), our policy is, at present,
similar to that of PBC-AIH OS and to start with UDCA monotherapy and add
immunosuppressants only in case of inadequate biochemical response after 3
months of UDCA.
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11.5 Extrahepatic Autoimmune Diseases Associated
to Overlap Syndromes

Different concurrent autoimmune diseases may occur in the same patient, and this
association has been described both in patients with multisystemic autoimmune dis-
eases (e.g., theumatoid arthritis, systemic sclerosis, systemic lupus erythematosus
(SLE)) and also in patients with organ-specific autoimmune diseases (e.g., Graves’
disease, myasthenia gravis, polymyositis) [90]. As in PBC and in AIH alone, patients
with PBC-AIH OS may also present with one or more associated extrahepatic auto-
immune disease (EHAD). In the first series of PBC-AIH OS diagnosed using Paris
criteria, EHAD, including Sjogren’s syndrome, Raynaud’s phenomenon, and
arthropathies, occurred in one-third of patients [11]. EHAD were reported in
27-91% of patients with PBC-AIH OS, depending on criteria applied for OS diag-
nosis. In the largest series of PBC-AIH OS, defined using Paris criteria, 44% of 71
patients with OS had an associated EHAD [91], and this frequency was comparable
to that reported in AIH (42%) [92] and PBC patients (32-61%) [93, 94]. Autoimmune
thyroid diseases, namely Hashimoto’s thyroiditis and Graves’ disease, are reported
in 9-36% of patients with PBC-AIH OS [21, 72, 91] compared to 18% of patients
with pure AIH [92] and 12% of patients with pure PBC [95]. Sjogren’s syndrome
occurred in 3—18% of patients with PBC-AIH OS [11, 21, 72, 81, 91], compared to
3% of AIH patients [92] and 34% of PBC patients [94]. Raynaud’s phenomenon
was reported in 8-9% of patients with OS [11, 96], in 2% of patients with AIH [92],
and in 18% of patients with PBC [94]. Autoimmune arthropathies, including rheu-
matoid arthritis, were reported in 4—17% of patients with OS [11, 91], in 5% of
patients with AIH [92], and in up to 10% of patients with PBC [94, 97, 98]. SLE was
reported in 4% of 71 patients with PBC-AIH OS, in 3% of patients with AIH, and
in 2% of patients with PBC. Among autoimmune cutaneous diseases, psoriasis was
reported in 4% of PBC-AIH OS patients [91], whereas it is rarely reported in AIH
and PBC patients. Vitiligo was reported in 3% of patients with PBC-AIH OS, in
1-2% of patients with AIH [92, 99], and together with other cutaneous autoimmune
diseases in 5% of patients with PBC [94]. Celiac disease was described in 4% of
PBC-AIH OS and in 1.4% of AIH and PBC patients [92, 94]. Other reported single
case of EHAD associated to PBC-AIH OS included autoimmune hemolytic anemia,
antiphospholipid syndrome, multiple sclerosis, membranous glomerulonephritis,
sarcoidosis, systemic sclerosis, and temporal arteritis [91].

The most relevant association in PSC with EHAD is the presence of IBD in
50-80% of patients, and mainly UC. Differently, IBD is infrequent in AIH and if
present, an abnormal cholangiogram can be found in up to 41% of patients [87]. In
PSC-AIH OS, the frequency of IBD is higher than that reported in AIH alone but
comparable to that observed in PSC. The presence of IBD in PSC patients is associ-
ated with an increased risk of colorectal cancer development, and for this reason,
patients with PSC and PSC-AIH OS need to undergo a colonoscopy at the time of
diagnosis. Moreover, annual endoscopic surveillance is recommended in patients
with confirmed IBD to detect the prevalence of dysplasia. In patients without
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concomitant IBD, colonoscopy should be repeated when intestinal symptoms occur
for every 5 years in asymptomatic patients [100].

The reported association and the sequential development of different autoim-
mune hepatic and/or extrahepatic disease support the concept that clinical expres-
sion of autoimmune diseases may be affected by multiple factors contributing to the
development of additional autoimmune manifestations. Indeed, it’s commonly
believed that autoimmune conditions develop after an environmental trigger respon-
sible to derange the immune system equilibrium in a genetically predisposed host.
These alterations of the immune system may lead to the development of one auto-
immune disease in some patients or several different clinical manifestations affect-
ing different organs in other patients. This concept has been referred as the mosaic
of autoimmunity by Shoenfeld and colleagues and implies that the integration of
genetic, environmental, and hormonal factors into the etiology of autoimmune
responses may emerge as different overlapping conditions [90, 101, 102].

11.6 PBC-PSC Overlap Syndrome

PBC overlapping with PSC has been reported only in a few case reports of variable
quality and do not represent a real issue. Indeed, in most of these cases, the diagno-
sis of PBC-PSC was controversial due to lack of clear manifestation of both dis-
eases, including the absence of associated inflammatory bowel disease [103—108].
As a consequence, the overlap between PBC and PSC still remains a controversial
issue in the field of autoimmune liver diseases due to the small number of reported
cases and the lack of properly defined diagnostic criteria.

11.7 Conclusions

Liver overlap syndromes do exist but are rare. Whatever the name used (e.g., variant
PBC or PSC with autoimmune hepatitis features or variant autoimmune hepatitis
with PBC or PSC features), recognition of autoimmune OS is of interest not only
from a classification standpoint, but also, and more importantly, because of thera-
peutic and surveillance implications. OS should be diagnosed conservatively by
using as strict criteria as possible. Appraisal has to be performed longitudinally
rather than at a single point in time. Treatment decisions should be tailored to the
individual and not be static. In most cases, it is possible to define one primary (dom-
inant) disorder. As a rule, the dominant clinical feature should be treated first and
therapy should be individualized and adjusted according to the response. In difficult
cases, referral to a specialist center with a high volume of caseload with autoim-
mune liver diseases is recommended.

International effort for collection of a large database and discovery of more spe-
cific molecular signatures with the ability to identify subgroups within the spectrum
of autoimmune liver disease should be encouraged.
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Key Messages

* Some patients present with features of both primary biliary cholangitis (PBC) or
primary sclerosing cholangitis (PSC) and autoimmune hepatitis (AIH), either
simultaneously or consecutively.

e The term overlap syndrome (OS) is used to describe these settings, but lack of
universal agreement on what precisely constitutes an OS has generated consider-
able confusion.

e The low prevalence of OS (roughly 10% of PBC and 11% of PSC) has made it
impracticable to perform randomized controlled trials.

e It remains unclear whether this syndrome forms a distinct entity or, more likely,
a variant of PBC, PSC, or AIH.

e Moderate to severe interface hepatitis is a fundamental component, and histol-
ogy is vital in evaluating patients with overlap presentation. Use of the
International Autoimmune Hepatitis Group criteria for the diagnosis of OS is not
recommended.

e For PBC-AIH OS, EASL has provided diagnostic criteria, and, in most cases, it
is possible to define one primary disorder (“dominant” disease), usually PBC.

e For PSC-AIH OS, there are no defined criteria, thus the diagnosis is based on the
concomitant presence of histological, biochemical, serological, and radiological
features of the two diseases.

e Patients with PBC-AIH OS seem to have a more severe disease compared to
conventional PBC. Differently, PSC-AIH OS does not seem to have a worst out-
come (when the AIH component is treated adequately) than conventional PSC.

e Treatment of OS is empiric and includes ursodeoxycholic acid (UDCA) for the
cholestatic component and immunosuppressive agents for the hepatitic compo-
nent, either simultaneously or sequentially. Immunosuppressive treatment in
addition to UDCA is recommended in patients with severe interface hepatitis and
deserves consideration in those with moderate interface hepatitis.

e The dominant clinical feature should be treated first and therapy adjusted accord-
ing to the response.
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Inflammatory Cholangitis 1 2

Erik Rosa-Rizzotto, Diego Caroli, and Laura Scribano

12.1 Introduction

Cholangitis is a systemic process characterized by an inflammation of one or more
bile ducts; acute cholangitis is a severe, potentially life-threatening medical emer-
gency characterized by a bacterial infection superimposed on an obstruction of the
biliary tree, most commonly caused by a gallstones [1]. Before the recent advance-
ments in critical care and management with less invasive approaches to decompress
the bile system, the mortality rate for acute cholangitis was reported to be higher
than 50% [2, 3]. From the figures reported in the 1970s [2, 3] since the 1980s, the
mortality rates are actually less than 10% [4, 5]. The management of cholangitis has
radically changed from surgical approach in the nineteenth century to an endoscopic
approach, generally endoscopic retrograde cholangiopancreatography (ERCP),
which has become the treatment of choice [6, 7].

It is well known that choledocholithiasis, a condition characterized by the pres-
ence of one or more gallstones in the common bile duct, is the most frequent cause
of cholangitis in Western countries. In fact, bile duct stones constitute the single
most common obstructive cause predisposing to cholangitis, accounting for ~80%
of cases [8, 9]. Sir Berkeley Moynihan (1865-1936), full professor of Clinical
Surgery at the University of Leeds, said: “Every gallstone is a tomb-stone erected to
the evil memory of the germs that lie dead within it.” Jean-Martin Charcot, a French
neurologist and professor of Pathology, first described cholangitis in 1877 and
coined the term ‘“hepatic fever” to describe the disease. The cardinal clinical
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features of cholangitis, namely, right upper quadrant abdominal pain, fever with
chills, and jaundice, are, therefore, known as the Charcot’s triad [10].

Early diagnosis is critical for determining the type and timetable of treatment and
the prognosis. The Tokyo Consensus guidelines furnish clinical guidance for clini-
cians regarding the diagnosis, severity grading, and treatment of acute cholangitis
[11, 12]. A working knowledge of its common etiologies and diagnostic criteria can
assist the clinician in assessing the cause and the severity of the disease, making a
prompt diagnosis and determining the appropriate treatment. Diagnosis of cholan-
gitis is based on clinical features, laboratory test results, and radiologic
investigations.

12.2 The Pathophysiology of Biliary Tree Inflammations

Partial or complete obstruction of the bile duct and subsequent infection is generally
the primary factor triggering the development of acute cholangitis [13].
Physiologically, the continuous flow of bile and the innate immune defenses of the
biliary epithelial cells keep the biliary tree sterile. An infection within this closed
system results in bacterial colonization and increased intraluminal pressure in the
biliary tree exceeding 25 cm H,O leading to a breakdown of innate defenses [14—
16]. Bacteremia can also lead to hematogenous seeding [15]. A competent sphincter
of Oddi normally prevents intestinal contents from refluxing into the bile duct, and
an anterograde flow of bile periodically flushes the biliary system, keeping it free of
organisms. In addition, components of bile, including bile salts and immunoglobu-
lin A (IgA), have antibacterial properties. Bile salts are bacteriostatic and directly
promote sterility of the biliary tree and limit the growth of bacteria within the duo-
denum [16, 17]. Tight junctions between hepatocytes separate the bile canaliculi
from hepatic sinusoids, thereby protecting the biliary tree from bacteremia. Finally,
Kupfter cells within the hepatic sinusoids keep the biliary system sterile via phago-
cytosis [18].

Complete biliary obstruction creates a state of immune dysfunction [19]. Several
studies indicate that the absence of bile salts and IgA in the intestine leads to an
alteration in the bacterial flora colonizing the small intestine. Under normal circum-
stances, bacterial colonization of the duodenum and jejunum is limited [20, 21], but
other studies have shown that this is not the case in bile duct-ligated rats; in this
experimental model, a shift in the small bowel flora with a predominance of E. coli
has been shown [22]. In addition to an alteration in the bacterial flora of the duode-
num, intestinal bacteria are more likely to translocate in bile duct-ligated rodents
[23]. Increased translocation may in part be caused by the absence of bile salts,
which have a detergent effect on bacterial endotoxins; their absence may be respon-
sible for increased translocation of endotoxin from the gut [24]. Furthermore, bili-
ary obstruction results in increased intraductal pressures that disrupt the tight
junctions between the hepatic cellular architecture leading, in turn, to a reflux of
bacteria into the bloodstream [25].
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12.3 The Causes of Obstruction and the Etiology
of Inflammation

Choledocholithiasis is the most common underlying cause of cholangitis in Western
countries [8, 9, 26]. Bile duct stones typically cause intermittent obstruction that
allows bacteria to enter the bile duct and can act as a site for bacterial adhesion and
growth. Most bile duct stones migrate from the gallbladder. Up to 15% of patients
with symptomatic cholelithiasis also have choledocholithiasis [27, 28]. Primary de
novo bile duct stones are usually pigmented bilirubin stones thought to result from
bile stasis and low-level infection. De novo bile duct stones are more commonly
noted in Asian populations and in elderly individuals with dilated bile ducts due to
postsurgical alterations or periampullary duodenal diverticula [28, 29].

Other causes of biliary obstruction, such as benign and malignant stenosis,
extrinsic compression from pancreatitis, biliary stent obstruction, and parasitic
infection, may also place the patient at greater risk for developing cholangitis.
Mirizzi syndrome, a condition in which the common bile duct is obstructed extrinsi-
cally by impacted calculi or stones in the gallbladder neck or cystic duct, and
Lemmel syndrome, an obstructive jaundice caused by periampullary duodenal
diverticulum compressing the intrapancreatic common bile duct causing cholestasis
and resultant infection, are other possible causes [11].

Although rare, there are increasing reports on sclerosing cholangiopathies in the
literature. Secondary sclerosing cholangitis is a chronic cholestatic biliary disease
characterized by biliary inflammation, obliterative fibrosis of the bile ducts, stric-
ture formation, and progressive destruction of the biliary tree. It can be caused by
infectious, immune-mediated, toxic, obstructive, or ischemic injury. A variety of
specific etiologies have been identified in the past. Unless diagnosed in a timely
manner, clinical outcomes are generally less favorable for the secondary with
respect to primary sclerosing cholangitis [30]. Table 12.1 outlines the most common
causes of biliary obstruction leading to cholangitis.

Cholangitis is usually caused by enteric bacteria. Indeed, bile cultures are posi-
tive in more than 80% of patients with cholangitis. Nevertheless, the rates of bacte-
remia are variable, ranging between 20% and 80% in patients with cholangitis.
Polymicrobial isolates are found in 30-90% of patients; they are more frequent in
individuals who present postoperative biliary tree abnormalities or who have under-
gone prior biliary tree manipulation [2, 9, 31-35]. The most common organisms are
E. coli (25-50%), Klebsiella (15-20%), and Enterobacter species (5—10%) [9].
Enterococcus, which is the most common Gram-positive bacterium causing cholan-
gitis, is found in 10-20% of patients. Anaerobes, which may be present in 5-10% of
patients, are usually found in mixed infections. The most commonly isolated anaer-
obic pathogen is Bacteroides, followed by Clostridia organisms [11]. Elderly
patients and individuals with surgically altered anatomy, including biliodigestive
anastomosis, are more likely to have anaerobic mixed infections [9, 34, 35].

Hepatobiliary parasites, including Ascaris, Opisthorchis, Clonorchis, and
Fasciola, which are important causes of biliary obstruction, especially in Asian indi-
viduals, lead to cholangitis via superimposed bacterial infection [32]. Viral
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Table 12.1 Causes of acute cholangitis

Intervention on
Gallstones Bile duct strictures Infection biliary tree
— Secondary Benign Parasitic infection — ERCP with
choledocholithiasis | — Postoperative: Ascariasis, liver incomplete
— Primary bile duct orthotopic liver flukes (Opisthorchis, | drainage
stones transplant (anastomotic/ | Clonorchis, — Percutaneous
— Complicated nonanastomotic), Fasciola) transhepatic
stones (e.g., complicated Others cholangiography
Mirizzi syndrome) cholecystectomy, — Viral infection (PTC)
— Pancreatitis: acute (AIDS — Hemobilia
(edema), chronic cholangiopathy) — Bile duct stent
(scarring, fibrosis) — Recurrent obstruction
— Congenital anomalies: pyogenic
choledochal cysts, cholangitis
biliary atresia (oriental
— Lemmel syndrome cholangiopathies)
Malignant — Fungal infection
— Pancreatic cancer (candida
— Cholangiocarcinoma cholangitis)
— Ampullary/duodenal
neoplasm—~Gallbladder
carcinoma
— Metastatic lymph nodes
— Ampullary cancer
— Duodenal cancer

infection of the biliary tract has been reported in patients with hepatitis C and human
immunodeficiency virus (HIV) [33]. AIDS cholangiopathy in patients with HIV
caused by Cryptosporidium, microsporidia, Cyclospora, or Cytomegalovirus infec-
tion is less common at present, thanks to the development of effective retroviral
therapy [34]. Although Candida from the biliary tract is rarely isolated, it has been
reported in immunosuppressed patients at risk for candidemia [35].

12.4 Clinical Presentation and Diagnosis

Inflammatory diseases of the bile ducts are complex pathological conditions that
may be complicated by other overlapping, not entirely defined conditions [36].
Acute cholangitis (as well as suppurative or ascending cholangitis) was firstly iden-
tified as a disorder associated with recurrent fever, abdominal pain, and jaundice.
The grouping of symptoms was first termed “hepatic fever” by Dr. Jean-Martin
Charcot in 1887, and it is now traditionally referred to as Charcot’s triad. In 1959,
Reynolds added new features to the trilogy, that is, lethargy/mental confusion and
shock, indicative of ongoing biliary sepsis, which were termed as “Reynolds’ pen-
tad” [13]. One study, however, investigating the diagnostic relevance of the Charcot’s
triad, found that only 21% of patients with acute cholangitis presented all three
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criteria, indicating a suboptimal diagnostic utility. In general, Charcot’s triad exhib-
its a high specificity (95.9%), but a low sensitivity (26.4%) [37]. Reynolds’ pentad
(the Charcot’s triad+septic shock and altered mental status) has, instead, been
reported in only 4-8% of patients with severe cholangitis [38].

The Tokyo Guidelines (TG) (see Table 12.2), originally published in 2007 and
revised in 2013 and 2018, set out to provide a data-driven diagnostic framework for
the clinical diagnosis of acute cholangitis. Based on three domains referring to clini-
cal, laboratory, and imaging findings, diagnoses formulated in accordance with its
framework tend to be accurate in 90% of cases [39-43].

Severity grading criteria for acute cholangitis were incorporated into the TG13
version of the guidelines. Grade III is defined, according to TG13, as acute chol-
angitis associated with onset of dysfunction in one or more organs/systems. Grade
II (moderate) is associated with any two of the following: abnormal WBC count,
high fever, being over 38°C, hyperbilirubinemia, and/or hypoalbuminemia. Grade
I (mild) refers to those situations in which the criteria of the other two grades are
not met at the initial diagnosis. It has been shown that mortality increases signifi-
cantly with rising severity stages, ranging from 1% for grade I to 5% or more for
grade III [42, 43].

The commonly used biomarkers for acute cholangitis, including elevation in
white blood cell count and elevated serum levels of bilirubin, alkaline phosphatase,
aspartate aminotransferase, and alanine aminotransferase, should be tested rou-
tinely in all suspect cases [43]. Serum alkaline phosphatase is the most indicative
marker of acute cholangitis, being increased in 74-93% of cases. It also exhibits a
quicker reduction following successful drainage, with respect to other markers of
cholestasis, such as bilirubin, and may provide a more accurate, early indicator of
adequate drainage [40].

Although abnormally elevated serum carbohydrate antigen 19-9 (CA19-9)
levels have been reported in acute cholangitis secondary to choledocholithiasis

Table 12.2 Diagnostic criteria according to Tokyo Guidelines 2013

A. Systemic inflammation

— A-1. Fever higher than 38

— A-2. Laboratory evidence of inflammation (white blood cell count <4 or >10, C-reactive
protein >1)

B. Cholestasis

— B-1. Jaundice (total bilirubin >2 mg/dL)

— B-2. Abnormal liver function tests (elevation >1.5 standard deviation of alkaline
phosphatase, glutamate-pyruvate transaminase, aspartate aminotransferase, or alanine
aminotransferase)

C. Imaging
— C-1. Biliary dilation
— C-2. Evidence of etiology of obstruction

Suspected diagnosis: One item in A 1, 1 item in either B or C
Definite diagnosis: One item in A, 1 item in B, and 1 item in C




200 E. Rosa-Rizzotto et al.

with rapid resolution following successful treatment [41], testing CA19-9 in the
context of a routine workup of acute cholangitis is not generally recom-
mended [42].

Other markers of inflammation, including C-reactive protein and procalcito-
nin, are frequently elevated, and their assessment can provide additional guid-
ance for treatment decisions and for estimating a prognosis. Using procalcitonin
to diagnose and manage sepsis has recently gained much attention. In cases of
acute cholangitis, procalcitonin has been shown to be a more accurate predictor
of severe disease than conventional biomarkers. Furthermore, high procalcito-
nin levels may support the need for biliary decompression in case of acute chol-
angitis [43, 44].

Blood cultures are often collected as part of an initial investigation when infec-
tion is suspected. Positive blood cultures have been reported in 21-71% of acute
cholangitis cases [46]. Positive cultures, however, often fail to provide additional
clinically relevant information in routine cases of community-acquired intraabdom-
inal infection. Thus, the Tokyo Guidelines, the Guidelines of the Surgical Infection
Society and of the Infectious Diseases Society of America do not recommend rou-
tinely blood cultures [45, 46]. An exception is made for the toxic or immunocom-
promised patient or in cases of very severe infections when culture results may
assist clinicians in making decisions on treatment or on modification and dura-
tion [50].

There are various modalities for imaging of the biliary tract: the most useful are
endoscopic ultrasound (EUS) and magnetic resonance imaging (MRI). All harbor
different benefits and caveats.

Given its low cost and wide availability, transabdominal ultrasound is still con-
sidered the first diagnostic test in suspected gallstone disease for evaluating bile
duct diameter and for ruling out other abdominal infectious sources and stone-
related complications. Findings of biliary ductal dilation can support the diagnosis.
The sensitivity of ultrasound for detecting common bile duct stones is, however,
lower than 30% [47].

Contrast-enhanced computed tomography (CT) scan can indirectly support a
diagnosis of cholangitis by providing evidence of biliary stones, ductal dilation,
hepatic abscess, and/or pneumobilia in suspected cases [48].

MRI has become the gold standard for defining the morphology of the bile tree
and for diagnosing cholangitis. MRI’s accuracy in detecting common bile duct
stones is high as 90%, but it is much lower for smaller stone diameter (<6 mm) [49,
57]. Gadolinium injection is normally not necessary [50].

EUS and ERCP are invasive procedures that can provide valuable additional
diagnostic information. The latter, however, is no longer used for diagnostic pur-
poses, being actually utilized only for therapeutic interventions. Bile duct dilatation
and presence of small stones can be identified by EUS [51], which have a roughly
100% sensitivity, >90% specificity, and an overall accuracy of 96.9% for detecting
bile duct stones [52]. Moreover, EUS can be performed during the same session of
ERCP [53]. Purulent bile from the major papilla detected during ERCP remains the
gold standard for the diagnosis of acute cholangitis [50].
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12.5 Antibiotic Management

New light has been shed on the role of microbial properties in the development of
some forms of cholangitis. Given the high rate of positive microbial cultures from the
bile of patients with cholangitis, most clinicians prefer to obtain a microbial profile
before deciding the type of drainage. The most common bacterial infections in chol-
angitis include: E. coli, Klebsiella pneumoniae, Pseudomonas species, Enterobacter,
Acinetobacter among Gram-negative bacteria, and Enterococcus, Streptococcus, and
Staphylococcus among Gram-positive bacteria [54, 55]. The antibiotic should be
chosen depending on multiple factors, such as the patient’s prior exposure to hospi-
tal-acquired infections and the severity of symptoms [63]. For best practice, the anti-
biotics prescribed for cholangitis should have a broad range of antimicrobial activities
and should be small enough to be excreted effectively into the bile, that is, third-
generation cephalosporins, ureidopenicillins, carbapenems, and fluoroquinolones
[56]. The most effective antibiotics for cholangitis patients have been found to be
imipenem-cilastatin, meropenem, amikacin, cefepime, ceftriaxone, gentamicin,
piperacillin-tazobactam, and levofloxacin [57, 58].

12.6 Antibiotics for Acute Cholangitis

The rates of polymicrobial-positive cultures in acute cholangitis vary from 30-78%
[61, 62, 65]. The response rate to antibiotics has been found to be satisfactory in the
majority of patients [59]. Antibiotic therapy has, in fact, dramatically lowered the
mortality rate in these patients, falling from approximately 50% prior to the 1970s
to less than 10% in the 1980s [70].

Choosing the appropriate antibiotic is vital, particularly during the early stages
of acute infectious cholangitis. The majority of patients with acute bacterial cholan-
gitis benefit from a large-spectrum antibiotics [60]. After antibiotic prescription, the
decision is focused on the type of procedure for removing the biliary obstruction
[69]. There are no stopping rules regarding the discontinuation of antibiotics, but
after fever resolution and after insertion of biliary drainage, stopping antibiotic
treatment does not seem to have adverse effects on the clinical course of the dis-
ease [61].

Short-duration antibiotic therapy (usually for 3 days) appears sufficient when an
adequate drainage is achieved and after fever resolution [62]. Nevertheless, it is
highly recommended to continue antibiotic therapy during the early phases of acute
cholangitis [63]. Furthermore, as septic shock can develop, a broad-spectrum anti-
biotic must promptly be initiated (within 1-4 h) if signs of septic shock are present
[64]. Oral or intravenous administration of antibiotics is equally efficient in eradi-
cating bacteria in these patients [65].

Resistance to various antibiotics, including quinolone, carbapenems, vancomy-
cin, and ampicillin, has been observed in isolates from patients with acute cholangi-
tis patients [69]. Multidrug-resistant (MDR) bacteria were isolated from 29% of
patients with biliary obstruction from Germany [68]. Risk factors for MDR in that
study included male sex, previous antibiotic therapy, and biliary stenting [66].
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12.7 Drainage Procedures

Biliary drainage is recommended for all, but the mildest cases of acute cholangitis
that respond effectively to antibiotics and supportive care.

Drainage can be performed endoscopically, percutaneously, or surgically. In
addition to improvements in the care of septic patients, advances in endoscopic bili-
ary drainage have contributed to lowering the mortality of acute cholangitis [70].

Endoscopic transpapillary biliary drainage should be considered the first-line
drainage procedure because it is less invasive and is linked to a lower risk of adverse
events than other drainage techniques despite the risk of pancreatitis post-ERCP
[67-72]. Endoscopic transpapillary biliary drainage generally leads to less postpro-
cedure pain than percutaneous transhepatic biliary drainage (PTBD), also known as
percutaneous transhepatic cholangial drainage (PTCD) [68]. PTCD places more
burden on patients because it is linked to cosmetic problems, skin inflammation, or
bile leakage, compromising their quality of life.

As only a single treatment session is required to remove a bile duct stone when
an endoscopic transpapillary approach is used, duration of hospitalization is shorter.
PTCD is a useful alternative drainage procedure in patients with an inaccessible
papilla due to upper gastrointestinal tract obstruction or when a skilled pancreatico-
biliary endoscopist is unavailable [69, 70]. PTCD can be used as a salvage therapy
when conventional endoscopic transpapillary drainage has failed due to difficult
selective biliary cannulation. Endoscopic ultrasound guided biliary drainage
(EUS-BD) appears to be a useful alternative drainage technique when standard
endoscopic transpapillary drainage has failed [71, 72].

Results from a randomized controlled trial (RCT) and a meta-analysis indicate
that both technical and clinical success rates of EUS-BD and PTCD, as alternative
drainage techniques after failed endoscopic transpapillary biliary drainage, were
approximately the same (90-100%), but the rates of PTCD-related adverse events
postprocedure, that is, bleeding, cholangitis, and bile leakage were higher [73-80].
Nevertheless, it should be remembered that almost all reports regarding EUS-BD
are produced in high-volume centers, where highly skilled pancreaticobiliary endos-
copists are operating. One national survey carried out in Spain in low-volume cen-
ters reported a technical success rate of only 67.2% among a patient population of
106 persons [74]. Actually, EUS-BD is considered a difficult procedure that requires
the skills of an experienced specialized endoscopist. Otherwise, PTCD should be
selected, or the patient should be transferred to a high-volume center.

12.7.1 Percutaneous Transhepatic Cholangiography

Percutaneous transhepatic cholangiography (PTC) is a safe and effective technique
for biliary drainage. It is currently considered a second-line therapy after a failure of
ERCP in a patient with a surgically altered anatomy or in case of unavailability of a
dedicated endoscopist [75]. Procedural success has been reported up to 95% in the
event of dilated hepatic ducts and up to 70% for nondilated ones. One study reported
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a 90% technical success rate after internal drainage and stone removal following
successful cannulation [76]. Complications of the procedure, including sepsis, hem-
orrhage, peritonitis, and pancreatitis, have been reported in 1.2-2.5% of patients [77].

Before the routine use of transabdominal ultrasonography, needle puncture of
the bile duct under fluoroscopy was the most frequent technique. Needle puncture
is currently performed under ultrasonography to avoid the damage of blood
vessels.

PTCD is performed through an ultrasonography-guided transhepatic puncture of
the intrahepatic bile duct using an 18-G-22-G needle. After the backflow of bile has
been confirmed, a guidewire is advanced into the bile duct. Finally, a 7-Fr—10-Fr
catheter is placed in the bile duct under fluoroscopic control over the guidewire. It
is safer to use a small-gauge (22-G) needle for the puncture in patients without bili-
ary dilation. According to the Quality Improvement Guidelines developed by
American radiologists, the success rate of drainage is considered as 86% in patients
with biliary dilation and 63% in patients without.

12.7.2 Surgical Drainage

Biliary decompression and drainage is an open surgical intervention. Prolonged
operations should be avoided in critically ill patients with bile duct stones, for whom
simple procedures, such as T-tube placement without choledocholithotomy, are rec-
ommended [78]. At present, surgical drainage is extremely rare because of the wide-
spread use of endoscopic drainage or PTCD for acute cholangitis therapy.

Open surgical drainage was once the mainstay treatment of biliary obstruction
and cholangitis, but it is not usually used currently to treat severe acute cholangitis.
A randomized trial by Lai and colleagues [79], comparing ERCP with surgical
decompression, demonstrated a significantly higher rate of complications (66% vs.
34%) and mortality (32% vs. 10%) in the surgical drainage group. Endoscopic and
percutaneous biliary drainage continue to constitute first- and second-line therapeu-
tic choices. Recently, there has been an increased interest in early laparoscopic com-
mon duct exploration with cholecystectomy [80]. Studies have demonstrated that
the approach is feasible, although current recommendations reserve this approach
exclusively for patients with nonsevere acute cholangitis [81].

12.7.3 Endoscopic Retrograde Cholangiopancreatography

Endoscopic transpapillary biliary drainage has become the gold standard technique
for both benign and malignant strictures because it is minimally invasive. There are
two types of endoscopic transpapillary biliary drainage: endoscopic nasobiliary
drainage (ENBD) for external drainage and endoscopic biliary stenting (EBS) for
internal drainage. In the case of critically ill patient with acute cholangitis, the endo-
scopic technique should be carried out promptly and accurately to avoid serious
complications. Endoscopists performing endoscopic transpapillary biliary drainage
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should be skilled in selective biliary cannulation techniques, including the double
guidewire, pancreatic guidewire, and precut techniques [82].

Endoscopic transpapillary biliary drainage, which can be carried out via EBS or
ENBD, is considered a first-line therapy for biliary decompression in acute cholan-
gitis patients. Several studies have demonstrated that the two techniques are clini-
cally equivalent, but patients who undergo nasobiliary drainage demonstrate more
discomfort and greater electrolyte abnormalities [83, 84].

The advantages of the nasobiliary approach include the continuous monitoring
of the bile output and flushing purulent bile. Endoscopic drainage utilizes 7-Fr—10-Fr
plastic stent after selective biliary cannulation. This can be performed as an isolated
procedure or together with other interventions for extraction of stones in cases of
choledocholithiasis [85]. Endoscopic sphincterotomy and stent placement are com-
monly performed. Moreover, sphincterotomy may prevent the occlusion of pancre-
atic duct, thus preventing the post-ERCP pancreatitis, which occurs in 3-4% of
cases [86], and reducing the duration of symptoms and hospital stay [87]. The major
concern linked to endoscopic sphincterotomy is bleeding. The combination of
severe sepsis, biliary obstruction, and hepatic dysfunction in acute cholangitis can
lead to increased rates of hemorrhage following sphincterotomy [88], even in
absence of associated coagulopathy [89]. In case of severe acute cholangitis, the
Tokyo Guidelines recommend sphincterotomy combined with stone extraction and
biliary drainage for patients with mild or moderate disease [90].

12.7.4 Endoscopic Ultrasound-Guided Biliary Drainage

In patients in whom endoscopic access to the ampulla is not possible due to altered
surgical anatomy or failed cannulation, endoscopic ultrasound-guided biliary drain-
age (EUS-BD) can be an alternative to ERCP, an approach often used to limit the
potential complications associated with PTC. EUS-BD can be performed in several
ways, including transgastric or transjejunal intrahepatic biliary drainage, transduo-
denal or transgastric extrahepatic biliary drainage, or EUS-guided antegrade stent-
ing approaches, and can be tailored to the patient’s pathology. A meta-analysis on
studies investigating the use of EUS-BD found a functional success rate higher than
90% in high-volume centers following failed ERCP [91]. The procedure is associ-
ated with an adverse event rate of 25%, being hemorrhage and bile leak, the most
common complications; perforation and sepsis have also been reported. The current
recommendation is to reserve EUS-BD for cases in which ERCP has failed and only
in the hands of a trained, experienced therapeutic endoscopist [55, 90].

12.7.5 Drainage in the Case of Surgically Altered Anatomy

Patients with surgically altered anatomy, following, for example, a Roux-en-Y gas-
tric bypass, present a unique challenge for the nonsurgical drainage of the biliary
tree. Several approaches have been performed to circumvent the altered anatomy,
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including balloon enteroscopy-assisted ERCP, EUS-BD, and transgastric
ERCP. Balloon enteroscopy-assisted ERCP is the first-line recommendation in the
Tokyo Guidelines [90]. PTC, EUS-BD, and laparoscopic common bile duct explo-
ration can provide additional techniques when a skilled endoscopist is unavailable
or in case of failure of balloon enteroscopy-assisted ERCP.
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Drug-Induced Cholangiopathies 1 3

Sara De Martin, Emanuela Bonaiuto, and Daniela Gabbia

13.1 Introduction

The liver plays a central role in the selective uptake, metabolism, and excretion of
the majority of xenobiotics, including drugs and environmental toxins. For this rea-
son, the liver is one of the main targets of drug toxicity, an issue representing a pri-
mary cause of failure during drug development [1]. Moreover, a wide variety of
drugs and herbal remedies used in clinical practice are known to induce a broad
array of liver disorders. Two of the most severe manifestations of drug-induced liver
injury (DILI) are cholestatic and mixed cholestatic/hepatocellular injury, represent-
ing about 50% of cases of all hepatic drug toxicities [2, 3].

Cholestasis is a common result of DILI and is present in the 2-5% of patients
hospitalized for jaundice and in up to 20% of geriatric ones [4]. Drug-induced cho-
lestasis can occur in the form of acute liver failure or as a chronic liver disease,
resembling other intrahepatic and extrahepatic cholestatic diseases [1]. Although in
acute DILI an injury to bile ducts can be frequently diagnosed by liver biopsy, the
loss of bile ducts occurs rarely also when cholestasis and inflammation are severe
[5]. Generally, both liver biochemical parameters and jaundice improve gradually
after drug discontinuation, reaching normal levels in the ensuing months. At vari-
ance, a persistence of small bile duct loss could be observed in association with
inflammatory response and prolonged cholestasis [6—8]. In this case, drug-induced
liver damage reflects an injury primarily to mature cholangiocytes, biliary epithe-
lium or their progenitor cells. In some cases, a progressive and extensive loss of the
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interlobular bile ducts may lead to the “vanishing bile duct syndrome” (VBDS), that
may progress to secondary biliary cirrhosis, liver failure, and even death [8]. VBDS
is a rare condition that occurs only in 0.5% of cases of small duct biliary disease [9].

Drug-induced bile duct injury could display a wide range of pathological fea-
tures, ranging from asymptomatic patients that exhibit only isolated elevations in
alkaline phosphatase (ALP) or y-glutamyl transferase (yGT) and mild bile duct dis-
order or “ductopenia,” to progressive forms of VBDS [10]. In the majority of
patients, drug-induced bile duct injury affects the biliary epithelium of interlobular
ducts, a condition that can mimic other cholangiopathies, such as primary biliary
cholangitis or small duct primary sclerosing cholangitis [1, 11].

A number of drugs, e.g., 5-fluorouracil and fluorodeoxyuridines, cause a selec-
tive and dose-dependent damage to larger ducts. Since the liver histology of these
patients displays features similar to those observed in primary sclerosing cholangi-
tis (PSC), this drug-induced damage has been named “drug-induced sclerosing
cholangitis” or “primary sclerosing cholangitis-like” [8, 11]. This disease, charac-
terized by segmental inflammation and fibrosis, affects mainly one or more struc-
tures of the large bile ducts, e.g., the right and left hepatic ducts and the common
hepatic duct, generally sparing the smaller intrahepatic ducts and the common bile
duct [8, 11, 12]. In some cases, primary sclerosing cholangitis-like displays intrahe-
patic features affecting small ducts.

In Table 13.1, a brief classification of drug-induced chronic cholangiopathies is
reported for the sake of clarity.

13.2 Drugs Inducing Chronic Cholangiopathies

Many chemicals could induce chronic damage of the biliary epithelium resulting in
drug-induced cholangiopathies of various degrees. The temporal relationship
between the first drug ingestion and the onset of the symptoms is one of the key
factors to be considered to provide a diagnosis [1]. Indeed, this latency period may
be short (ranging from hours to few days), intermediate (1-8 weeks), or very long
(1-12 months) depending on the agent causing the duct injury. In this regard, all the
drugs and dietary supplements used by the patient within the last 3—-6 months should
be taken into account for the diagnosis of drug-induced chronic cholangiopathy.
Noteworthy, cholestatic injury tends to persist even after the discontinuation of the
inducing agent, probably due to the slower rate of reparation and regeneration of the
secretory function of cholangiocytes with respect to hepatocytes [1].

Since a patient often takes multiple medications, the specific agent causing liver
injury is not always clearly definable, also considering that it’s often difficult to
associate a drug with one specific clinical manifestation of DILI. The DILIN pro-
spective study, enrolling 1433 subjects with suspected drug-induced liver injury
over a 10-year period (2004-2014), pointed out that the mean number of medica-
tions taken by the patients with bile duct loss within 2 months of onset of liver injury
was 9.6, the median was 7.5, and the range was 1-35 [5]. Multiple pathways have
been proposed as important players in drug-induced cholangiopathies, even if the
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Table 13.1 Drug-induced chronic cholangiopathies

Duct injury
localization

Pathological
features

Clinical features

Biochemical features

Mild bile
duct injury

Intrahepatic
small ducts

Mild bile duct
epithelial
disorder

Inflammatory
response direct
to
cholangiocytes

Presence of
inflammatory
cells around
the biliary
epithelia in
portal triad

Asymptomatic

Mild elevation in ALP
or yGT

Vanishing
bile duct
Syndrome
(VBDS)

Intrahepatic
small ducts

Less than 50%
of bile ducts
are seen in
portal area on
liver biopsy

Marked ductal
destruction

Complete
disappearance
with portal
tract
inflammation,
Fibrosis,
Hepatocellular
necrosis

Hepatosplenomegaly,
hyperlipidemia,
malabsorption,
xanthelasmas,
xanthomas, leads to
cirrhosis

ALP >3 time
increased, AST/ALT
2—10 time increased,
vYGT increase,
Hyperbilirubinemia,
Hypercholesterolemia
Antimitochondrial
antibody absence

Drug-
induced
sclerosing
cholangitis

Intrahepatic
small ducts
and
extrahepatic
large ducts

Similar
pathological
features of PSC
with marked
ductal
destruction,

Hepatocellular
necrosis

Jaundice develops
within 3—-6 months of
the drug
administration

ALP >3 time
increased, AST/ALT
2-10 time increased,
Hyperbilirubinemia,
Hypercholesterolemia

pathogenetic mechanisms have not been completely elucidated [13]. Among them,
apoptosis induced by tumor necrosis factor-a (TNF-a), inhibition of mitochondrial
function, and neoantigen formation [14] can be listed. In some patients, an immune
response, mainly mediated by T cells, may play a role in the development of drug-
induced cholangiopathies [11], resulting in antigen recognition on biliary epithelial
cells, immune cell infiltration into the bile duct area, apoptosis, and T cell-mediated
cytotoxicity [11, 15].

Drug toxicity generally results in drug-induced cholestasis, whereas severe duc-
topenia and VBDS are less frequent [16]. However, drug-induced VBDS has been



214 S. De Martin et al.

attributed to more than 40 drugs, among which chlorpromazine, amoxicillin, carba-
mazepine, clindamycin, meropenem, ajmaline, phenytoin, trimethoprim—sulfa-
methoxazole, arsenic derivatives, and tetracyclines are the most frequently used
[13-15, 17]. A prospective study from the DILI network suggests that 7% of the
observed patients (26 of 363 total DILI cases) experienced drug-induced VBDS fol-
lowing the use of amoxicillin/clavulanate, temozolomide, herbal products, and
azithromycin [15].

Some reports regarding drug-induced VBDS display poor evidence of causal
effect between drug and symptoms, and frequently the drug is only suspected to
induce liver injury [9]. A categorization of drugs reporting a well-documented hepa-
totoxic effect has been published by Bjornsson and Hoofnagle [18], even though
they didn’t report a specific analysis dedicated to VBDS patients.

Regarding the drug-induced sclerosing cholangitis, it has been reported that the
hepatic artery infusion chemotherapy of fluoropyrimidines (e.g., 5-fluorouracil, fluo-
rodeoxyuridine) can mimic the pathological features of PSC [12]. Patients with liver-
predominant metastatic colon cancer treated with these agents have an incidence of
drug-induced sclerosing cholangitis up to 1 out of 5 [19-22]. Even the arterial embo-
lization for the treatment of hepatocarcinoma could lead to an extensive destruction
of the biliary tract with sclerosis and stenosis [12]. Furthermore, a case report
described a case of a 44-year-old woman with a liver cavernous hemangioma who
underwent transcatheter arterial chemoembolization (TACE) with bleomycin-
iodinated oil and developed sclerosing cholangitis 6 years after treatment [23].

A retrospective study conducted on 102 patients diagnosed with DILI during
2010-2012 identified ten patients (all females) with the probable diagnosis of scle-
rosing cholangitis due to the administration of amoxicillin-clavulanate, sevoflurane,
amiodarone, infliximab, green tea extract, venlafaxine, and atorvastatin [24].

Drug-induced sclerosing cholangitis is a quite frequent complication of scolici-
dal solution for the treatment of hydatid disease, a parasitic infestation due to a
tapeworm of the genus Echinococcus characterized by liver and biliary cysts [11].
Hypertonic saline 20%, silver nitrate 0.5%, povidone iodine 1%, and 5% formalin
are injected directly in the hydatid cysts to treat tapeworm infestation. A prolonged
therapy, a particular sensitivity to these scolicidal agents or a communication
between the cyst and the biliary tree, could result in caustic drug-induced sclerosing
cholangitis [25].

Another drug that has been postulated to cause drug-induced sclerosing cholan-
gitis is ketamine. Indeed, ketamine addicted subjects could suffer from epigastric
pain and increased ALP or yGT related to the dilatation of the common bile duct
[26-29].

A report published in 2013 reported the case of a 34-year-old woman who was
given celecoxib for treating acute epigastric abdominal pain. After a 3-week treat-
ment, biochemical markers of liver function were abnormal, with a total bilirubin of
3.4 units/L, and liver biopsy pointed out sclerosing cholangitis. Since these param-
eters normalized 1 month after cessation of the drug, cholangitis was imputed to
celecoxib administration [30].

A list of the drugs reported to induce cholestasis with duct injury, VBDS, and
primary sclerosing cholangitis-like is reported in Table 13.2.
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Table 13.2 Drugs reported to cause chronic cholestasis and ductopenia

Drug ‘ Reference
Cholestasis with mild bile duct injury

Androgenic anabolic steroids [31]
Carmustine [32]
Dextropropoxyphene [33]
Gold therapy [34]
Methylenedianiline [35]
Paraquat [36]
Pioglitazone [37, 38]
Tenoxicam [39]
Vanishing bile duct syndrome (Ductopenia)

Aceprometazine [1]
Ajmaline [10, 40]
Amineptine [41]
Amiodarone [42, 43]
Anmitriptyline [41]
Amoxicillin/clavulanic acid [44-49]
Ampicillin [50, 51]
Azathioprine [52, 53]
Barbiturates [54]
Benoxaprofen [55, 56]
Carbamazepine [57-60]
Carbutamide [10]
Chlorothiazide [61]
Chlorpromazine [62-64]
Chlorpropamide [65]
Cimetidine [66]
Ciprofloxacin [64, 67]
Clindamycin [68]
Cyamemazine [12]
Cyproheptadine [69, 70]
D-penicillamine [71]
Diclofenac [72]
Erythromycin [73]
Estradiol [74,75]
Fenofibrate [76]
Flucloxacillin [16, 77, 78]
Glycyrrhizin [79, 80]
Haloperidol [10, 81]
Ibuprofen [82-85]
Imipramine [81, 86]
Macrolides antibiotics [87]
Meropenem [88]
Phenytoin [89]
Prochlorperazine [90, 91]

(continued)
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Table 13.2 (continued)

Drug Reference
Quinolones (others) [17,92-94]
Terbinafine [95-97]
Tetracyclines [98, 99]
Thiabendazole [100]
Tiopronin [79]
Trifluoperazine [101]
Tolbutamide [102]
Trimethoprim-sulfamethoxazole [103, 104]
Troleandomycin [10]
Zonisamide [105]
Drug-induced sclerosing cholangitis

Docetaxel [106]
Formaldehyde [25]
Floxuridine [19-22, 107, 108]
Hypertonic saline [25]
Ketamine [26-29]
Methimazole [109]
Pembrolizumab [110]
Povidone iodine solution [25]
Silver nitrate [25]
Various herbal supplements [24]

13.3 Drug-Induced Bile Duct Injury and Vanishing Bile Duct
Syndrome (VBDS)

13.3.1 Pathophysiology

The progressive and extensive destruction and disappearance of intrahepatic bile
ducts induced by drug administration may lead to the “vanishing bile duct syn-
drome” (VBDS) [13]. The pathogenesis of this rare syndrome is poorly understood
and could also be associated with many conditions other than drug toxicity, includ-
ing ischemia, infection, autoimmune disease, transplant rejection, and cancer [111].
In this context, it is not always simple to promptly identify the causative relation
between VBDS and one specific agent, although this syndrome is mainly associated
with some drugs, such as amoxicillin-clavulanic acid [45, 46, 48, 77], flucloxacillin
[77, 112], chlorpromazine [62], carbamazepine [57, 58], and meropenem [88].
The pathophysiological mechanisms involved in bile duct loss and VBDS remain
not completely understood, but some general features have been identified. Bile duct
loss was related to the perpetuation of liver damage (94%) and leads to a high liver-
related morbidity and mortality (26%). Drug-induced VBDS could be considered as
a T cell-mediated hypersensitivity reaction of the liver to the administration of cer-
tain drugs [11]. Bonkovsky and collaborators observed that patients with bile duct
loss generally developed an immune-mediated moderate-to-severe acute cholestatic
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liver damage [5]. In some cases, VBDS is associated with severe cutaneous reactions
(e.g., toxic epidermal necrolysis, Stevens—Johnson or DRESS syndrome), that are
triggered by the expression of immunogenic proteins and drug metabolites- or drug-
protein adducts on the cell surface of keratinocytes. The effect observed on keratino-
cytes led to the hypothesis that VBDS could be induced by a similar idiosyncratic
hypersensitivity reaction that triggers cholangiocytes. Further supporting this
hypothesis, it has been observed that the major causes of idiosyncratic cholestatic
hepatitis frequently induce the VBDS, whereas those inducing acute hepatocellular
injury and liver failure rarely lead to its development [5]. Moreover, patients repeat-
edly exposed to a drug could experience a shortening of the latency period, and also
eosinophilia and lymphocyte sensitization have been observed [8].

Even though low-molecular weight compounds (<1 kDa), such as small drugs or
metal ions, were thought to be unable to induce an immune response on their own,
experimental and clinical evidences demonstrate that they are able to trigger the
immune system to activate T cells. Two main theories have been formulated to
explain T cell stimulation due to drug exposure: the hapten model and the p-i concept
[11, 113]. According to the first model, chemically reactive low-molecular weight
compounds, named haptens, bind covalently to endogenous proteins or peptides to
form hapten-carrier complexes that are processed and presented to reactive T cells
inducing the immune response. The p-i concept postula