REVIEW ARTICLE

Cystic Fibrosis Liver Disease: Know More

Siham Al Sinani'?*, Sharef Al-Mulaabed?, Khalid Al Naamani* and
Rabab Sultan?

'Graduate Medical Education Department, Oman Medical Specialty Board, Muscat, Oman

OMAN MEDICAL JOURNAL [2019], VoL. 34, No. 6: 482-489

2Department of Child Health, Sultan Qaboos University Hospital, Muscat, Oman
SDepartment of Pedlatrics, Brookdale University Hospital Medical Center, Brooklyn, NY, USA
‘Department of Medicine, Armed Forces Hospital, Muscat, Oman

ARTICLE INFO
Article history:

Received: 14 May 2018
Acccptcd: 1 November2018

Online:
DOI10.5001/0mj.2019.90

Keywords:
Cystic Fibrosis; Liver Discases;
Cholestasis.

ABSTRACT

Cystic fibrosis (CF) isa multisystem disease caused by mutations in the CF transmembrane
conductance regulator (CFTR) gene. CFTR is expressed in the apical surface of
cholangiocytes. Homozygous CFTR gene mutation results in viscous and acidic bile
secretions secondary to deficient surface fluid and bicarbonate efflux. Viscous, inspissated
bile causes ductular obstruction and hepatotoxicity from retained bile components,
leading to fibrosis and ultimately cirrhosis, known as CF liver disease (CFLD). CFLD
is the third leading cause of death in CF patients. CFLD manifestations can take many
forms. They range from asymptomatic elevation of transaminases to cirrhosis and end-
stage liver disease. CFLD is diagnosed after excluding other causes of chronic liver
disease. To date, there is no effective therapy to prevent or treat CFLD. Management
of CFLD emphasizes on optimizing nutritional status. Ursodeoxycholic acid is the only
available treatment that may prevent progression of CELD at present. All CF patients
with CFLD need annual investigations and follow-up for early detection of the discase.
Liver transplantation should be considered in patients with decompensated cirrhosis and
portal hypertension, with acceptable long-term outcomes. Novel therapies of CFLD are
promising. This review article aims to summarize the published literature on CFLD, its
pathophysiology, clinical features and complications, and management including new

therapeutic options.

ystic fibrosis (CF) is a multisystem
disease caused by mutations in the CF
transmembrane conductance regulator
(CFTR) gene.! It is the most common
life-limiting, autosomal recessive disorder among
white individuals, with an average incidence of
1:3000 live births.> CFTR protein is expressed on
the apical epithelium of the intestines, pancreas, and
biliary duct system where it regulates chloride and
bicarbonate secretion and therefore regulating the
fluidity and alkalinity of the bile."* Homozygosity
of the mutant CFTR gene results in an alteration in
bile secretion (its hydration and alkalinity) resulting
in viscous and acidic secretions."*> This leads to
partial or complete obstruction in various hollow
epithelial-lined structures of the gastrointestinal
(GI) tract and is responsible for most GI, pancreatic,
and hepatobiliary manifestations of CE*
Advances in specialized patient care have led
to increasing the life expectancy of patients with
CFE.* An estimated median survival of more than
50 years in patients born in the UK in 2000 and

after is becoming more likely.” With increased life
expectancy, CF-related liver disease has increasingly
been reported.® Cystic fibrosis liver disease (CFLD) is
a chronic inflammatory sclerosing cholangiopathy
commonly presenting before the age of 20 years
and may evolve into advanced liver disease,
biliary cirrhosis, portal hypertension, and liver
decompensation.'€ Thus, early identification of liver
involvement and prompt therapeutic intervention is
becominga pertinent clinical issue.®

Epidemiology of CFLD
Since the definition of CFLD is not universally
unified, the true prevalence of CFLD is difficult to
determine.” However, CFLD is estimated to occur in
around 10% of patients with CF and is regarded as the
third leading cause of death in this population after
respiratory and transplantation complications."'*!!
Nonspecific increase in transaminases has been
documented in more than 50% of infants, which
often resolves by 2 to 3 years of age, and does not
seem to reappear later in life or affect the future
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development of CFLD.!> However, patients with CF
who develop significant liver disease and cirrhosis
may present with normal or only slightly elevated
liver enzymes.*'? The incidence of CFLD has been
estimated at 2.5/100 patient-years during the first
10 years of life, with the possibility of sharp decline
during the second decade.” Long-term follow-up
studies have found the prevalence of abnormal hepatic
histopathology in patients with CF ranges from 27%
to 41%."*" Focal biliary cirrhosis is considered the
most common CFLD, with a frequency of 20% to
30%.5'* Approximately 5% to 10% of children with
CF develop cirrhosis before or during puberty.'>*?
Most of these patients eventually progress to portal
hypertension and present with complications related
to CFLD during the second decade of life.”>' CFLD
accounts for 2.5% of overall CF mortality causes.'

Few CF prevalence studies are available
from Arab countries. These suggest that CF is
undiagnosed in these populations.'” Frequencies
of 1:2664 in Egypt,'” 1:2650 in Jordan," 1:2560
in Kuwait,'® 1:5800 in Bahrain,'” and 1:15876 in
the UAE® have been reported. In Saudi Arabia, a
report of 36 patients with CF between 1986 and
1992 revealed a 25% prevalence of liver disease in
patients with CE*' Reports indicate the possible
presence of higher incidence rate in Arab population
particularly given the high consanguinity rate in the
range of 25-60%.*

Pathogenesis of CFLD

CFTR is expressed on apical membranes of
cholangiocytes and gallbladder epithelial cells and
plays a critical role in chloride and water secretion
to support normal bile formation and flow."*>
Homozygosity of the mutant CFTR gene results in
viscous and acidic secretions secondary to deficient
surface fluid and bicarbonate eflux."*>* Viscous and
inspissated bile in CF causes ductular obstruction
and hepatotoxicity from retained bile components,
leading to inflammation and subsequent fibrosis and
cirrhosis."* In the majority of patients, the discase
leads to focal changes with no clinical significance.”
However, multilobular cirrhosis develops in a small
subset of patientsleading to the development of portal
hypertension, splenomegaly, and hypersplenism.*
The risk of developing multilobular cirrhosis is
altered by non-CFTR genetic and environmental
modifiers.?? These modifiers include factors such as
history of meconium ileus, male sex, severe class I-II1

mutations genotype, histocompatibility complex
antigens, infective agents, protease inhibitor gene,
nutritional state, antioxidants deficiency, viral
hepatitis, and certain therapeutic methods.!>*
However, the role of such factors in the development
of CFLD is controversial.?® In addition, correlation
to the degree of pancreatic sufficiency has been
proposed where CFLD is generally not observed in
patients with pancreatic sufficiency.””

The phenotypic variability of CFLD in patients
with CF may be explained by other insults and
factors.”® Liver inflammation in predisposed
individuals can be caused by the initiation of
intrinsic immune responses to enteric microflora
endotoxins. In the liver, gut-derived endotoxins are
normally cleared by the hepatocytes into the bile. In
normal situations, the biliary epithelium expresses
endotoxin tolerance that prevents an excessive
inflammatory response.”® In CF mice models,
increased intestinal permeability and release of
bacterial endotoxins, triggers biliary damage and
inflammation.” In these mice models, using oral
antibiotics to produce bowel decontamination
diminished hepatic inflammation.” Furthermore,
cholangiokeytes in CF mice express higher nuclear
factor-kB (NF-kB) activity and NF-kB-dependent
inflammatory cytokines when exposed to microflora
endotoxins.! It is illustrated that CFTR controls
inflammation in secretory epithelia. Consequently,
CFTR deficiency in cholangiocytes modifies
the normal response to gut endotoxins in the
epithelium with a stronger inflammatory reaction
thus contributing to the pathogenesis of CFLD."!!

Non-cirrhotic portal hypertension (NCPH)
is increasingly recognized in a subset of patients
with CF as more patients have a longer lifespan. It
is thought to be due to obliterative venopathy with
dense fibrosis within portal vein branches."!

Clinical manifestations of CFLD

CFLD manifestations vary ranging from
mild asymptomatic hypertransaminasemia to
liver cirrhosis [Table 1].* The most common
presentation of CFLD is an incidental finding
of hepatomegaly with or without splenomegaly,
jaundice, biliary colic, and abnormal liver function
tests.® Other manifestations of CFLD may include
micro-gallbladder, cholelithiasis, and sclerosing
cholangitis.®» Recent studies show reports of
NCPH in patients with CE."!
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Table 1: Clinical manifestations of cystic fibrosis
liver disease.®

Estimated
frequency, %

Clinical manifestation

Asymptomatic elevation of liver enzymes Common
Hepatic steatosis 25-60
Focal biliary cirrhosis 20-30
Multilobular biliary cirrhosis 10
Neonatal cholestasis <10
Cholelithiasis and cholecystitis 15
Micro-gallbladder 30
Portal hypertension 2-5
Sclerosing cholangitis Often silent

In infants with CF, liver involvement may
manifest in the form of cholestasis. In about 50%
of cases, it co-occurs with meconium ileus and
parenteral nutrition.?* Cholestasis usually resolves
within the first few months of life spontancously.
However, in some cases, liver fibrosis may develop.**
In older children, CFLD may manifest as hepatic
steatosis with or without hepatitis, focal biliary
cirrhosis, and multilobular cirrhosis.* In adolescence,
apparent disease may develop around puberty and
can progress to end-stage liver disease.®

The clinical manifestations of advanced CFLD
include jaundice, coagulopathy, ascites, and the
development of portal hypertension.?”” Biochemical
indicators of liver failure such as increased level

Table 2: Causes of acute or chronic liver disease in
cystic fibrosis patients showing hepatic abnormalities.®

Condition Investigations needed

Serology for HAV,
HBV, HCV, EBV, CMV,
adenovirus, HHV 6,
parvovirus

Acute/chronic viral hepatitis

a1 antitrypsin deficiency Serum «1 antitrypsin level,

including phenotype

Autoimmune hepatitis Non-organ specific
autoantibodies (SMA, anti-

LKM1,LC1)
Total IgA, IgA anti-tissue

transglutaminase

Celiac disease

Wilson disease Ceruloplasmin, serum

copper, 24 hour urinary
copper

Iron, ferritin, transferrin
binding capacity

Genetic hemochromatosis

Other causes of steatosis
such as malnutrition,
diabetes, and obesity

Investigation as per
indication

of bilirubin, lower albumin level, and prolonged
prothrombin time appear late in advanced CFLD.”

Diagnosis of CFLD

Early diagnosis of CFLD is important as symptoms
may appear late with advanced hepatobiliary system
involvement.” The diagnosis of CFLD is suspected
in patients with CF and manifestations of liver
involvement. In such cases, CFLD is diagnosed
after excluding other etiologies of liver disease
[Table 2].* Laboratory markers of CFLD manifesting
ascholestasis and abnormal levels of transaminases are
commonly observed. However, they are not sensitive
or specific for CFLD and may correlate poorly
with the degree of severity of liver involvement.”
Diagnosis of early signs of liver failure can be difficult
as hepatic function may be retained until late phases.
Prothrombin time and coagulation factors should be
measured at least once a year to detect early signs of
liver failure.® Reduction in coagulation factor V is
often noted in patients with splenomegaly, possibly
as a result of splenic consumption.®

Noninvasive fibrosis biomarkers are novel and
inexpensive serologic tests that provide an approach
to investigate fibrosis in CFLD in its early stages.
Examples of these biomarkers are the aspartate
transaminase (AST)-to-platelet ratio index (APRI)
and the fibrosis-4 index (FIB-4)."" APRI appears to
be superior to FIB-4 in the assessment of fibrosis,
cirrhosis, and portal hypertension."

Increasing evidence implicates dysregulated
microRNA (miRNA) expression in a range of
human pathologies, including liver disease and
CFLD.*** Studies investigated the use of miRNAs
for the detection of CFLD in children when
compared to children with CF without liver disease
and controls.** Therefore, miR-122 may be of use for
the diagnosis of CFLD in children.!"3*%

Ultrasound (US) takes a pivotal role in the
diagnosis of CFLD, where it can assess liver
parenchyma changes such as fibrosis, cirrhosis,
steatosis, biliary duct abnormalities, and
abnormalities of blood flow in the portal vein.””
Abnormal echogenicity found in US precedes
clinical and biochemical manifestations of CFLD?
suggesting that routine US may be a valuable tool for
detection of early CFLD.?

CT and MRI are useful tools to diagnose
fibrosis, steatosis, biliary abnormalities, and
focal lesions.® Additionally, magnetic resonance
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Table 3: Diagnostic criteria of cystic fibrosis liver disease (CFLD).

8,41

Parameters Debray criteria® Koh’s new criteria*!
Diagnosis of CFLD should be considered if one of Not included Liver biopsy indicating pathology
the following categories is present: or
radiologic evidence of diffuse liver
disease or cirrhosis

Diagnosis of CFLD should be considered if two or
more of the following categories are present:

Physical examination X Not included

Blood tests X X

Imaging X X

Transient clastography Not included X

Histology X As above

Noninvasive biomarkers Not included X

cholangiopancreatography (MRCP) can be utilized
for detection of early intrahepatic biliary duct
abnormalities in patients with CE®3

Transient elastography (TE) or FibroScan is a
noninvasive measure of liver stiffness that has been
validated for the diagnosis of liver disease in viral
hepatitis, alcoholic liver disease, and nonalcoholic
fatty liver.*'' Recent reports have illustrated the
usefulness of TE in the diagnosis and surveillance of
fibrosis in CFLD. %

Liver biopsy is the gold standard for the
diagnosis of CFLD, its type of involvement, severity,
and staging.®"' Nonetheless, a liver biopsy may
underestimate the disease severity because of the
patchiness of lesions.®!! Steatosis is reported to be
the most common liver histopathologic finding in
CFLD (25-60%), followed by focal biliary cirrhosis
(30%) [ Table 1].%12

Diagnostic criteria of CFLD

Diagnostic criteria for CFLD have been proposed
by Debray et al® and Koh et al*! [Table 3]. In such
criteria, the diagnosis of CFLD depends on multiple
parameters, such as physical examination, liver
function tests, imaging, noninvasive biomarkers, TE,
and liver biopsy among others [ Table 3].

Debray’s criteria suggest that the presence of
CFLD should be considered if at least two of the
following four elements are present: abnormal
physical examination manifested as hepatomegaly
and/or splenomegaly confirmed by US, persistent
elevations of liver function tests (defined as abnormal
values measured at least three successive times over
a period of 12 months and after excluding other
causes of liver disease), US confirmation of liver

manifestation or signs of portal hypertension or
biliary abnormalities, and abnormal histology on
liver biopsy.®

On the other hand, Koh’s new criteria are based
on the number of elements present at a time of
evaluation.”’ According to Koh’s new criteria, the
diagnosis of CFLD should be considered if only one
element such as liver biopsy indicating pathology
or if radiologic evidence of diffuse liver disease
or cirrhosis is present.* In addition, and based
on the growing evidence of TE and noninvasive
biomarkers utilization in CFLD, Koh proposed
adding such criteria to facilitate the diagnosis of
CFLD. Based on that, Koh’s new criteria propose
that the diagnosis of CFLD should be considered if
two or more of the following elements are present:
at least two persistently abnormal AST, alanine
transaminase (ALT), alkaline phosphatase (ALP),
or gamma glutamyl transpeptidase (GGT) (defined
as abnormal levels on multiple dates over minimum
of two consecutive years), evidence of hepatomegaly,
splenomegaly, or portal hypertension by imaging,
abnormal TE at any time, persistently abnormal
APRI, FIB-4, or AST to ALT ratio (defined as
abnormal levels on multiple dates over minimum of
two consecutive years). However, validation of such
criteria is awaited.*!

Management of CFLD

CF patients with CFLD require annual follow-up
by gastroenterologists or hepatologists to evaluate
the progression of CFLD [Figure 1].* The follow-
up would necessitate screening for the development
of portal hypertension and other complications
via annual physical examinations, liver function
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Annual Review

}

1. Clinical examination
2. Liver function tests

N

Hepatomegaly Raised AST/ALT/GGT, ALP

+/- Splenomegaly
Yes

l l l

Annual review only Abdominal US Annual review only

)

Suggestive of LD +/- PHT

N

} }

Consider liver biopsy Annual review only

+/- Endoscopy f
CFLD Normal
1.Start UDCA
2. Fat soluble vitamins
3. Check nutrition \
Varices

)

1. Start histamine 2 (H,)-blockers/proton pump inhibitors
2. Consider banding programme

Figure 1: Flow chart for the investigation and
management of cystic fibrosis-associated liver
disease.?

tests, and abdominal imaging.®'" There are no
existing evidence-based guidelines or specific
recommendations for the prevention or management
of CFLD."""* Therefore, once CFLD is diagnosed,
therapy is directed towards lowering the impact
of complications."#

Management of CFLD emphasizes on optimizing
nutritional status via adequate caloric intake, fat-
soluble vitamin supplementation, pancreatic enzyme
replacement therapy, and avoiding hepatotoxic
medications.” Ursodeoxycholic acid (UDCA) is

the only available treatment that may prevent the

progression of CFLD.!® The physiological benefits
of UDCA comprise improving bile flow and non-
CFTR biliary chloride channels and protecting
hepatocytes from the toxicity of accumulating bile
acids.” Reports have documented improvement
in hepatic excretory function and liver histology
in patients with CFLD after starting UDCA.*%
UDCA treatment aims to delay liver disease
progression. Therefore, treatment should be started
as soon as the diagnosis of CFLD is made or in
patients who are at risk such as patients with history
of meconium ileus.®* UDCA might be of use in
preventing sludge and stone formation, but it has
no role in the management of gallstones.”® When
UDCA is initiated, testing of liver enzymes serum
levels and cholestasis markers should be performed
three and six months from initiation of UDCA to
evaluate its efficacy. However, the benefit of routine
use of UDCA in CF is uncertain due to the scarcity
of long-term studies.’* In addition, not all CFLD is
caused by cholestasis."!

Avital aspect of CFLD management is nutritional
support. The development of liver disease may
worsen CF associated malnutrition by aggravating
fat and protein malabsorption.?> Nutritional
therapy involves improving energy intake to 150%
of estimated requirement.” In addition, protein
supplementation is required in patients without
signs of liver failure. Avoiding salt supplementation
in advanced CFLD is essential to avoid precipitating
development of ascites.” Adequate pancreatic
enzymes must be provided allowing for optimal
absorption of fat and protein.”® Patients with CF
and exocrine pancreatic insufficiency require fat-
soluble vitamin supplements of vitamin A, vitamin
E, and vitamin D, and occasionally vitamin K is
required. In patients with anorexia, enteral tube
feeding may be necessary to ensure adequate caloric
and supplementation intake.” Because of the risk of
bleeding, gastrostomy feeding is not recommended
in patients with advanced CFLD, varices, or
portal gastropathy.®

Patients with cirrhosis or signs of portal
hypertension should be screened for esophageal
varices via upper GI endoscopy at diagnosis and every
two to three years if initial screening is normal. Signs
suggestive of GI bleeding should necessitate an upper
GI endoscopy. Portal hypertension and variceal
bleeding require management of acute episode
and long-term therapy protocols.'® Transjugular
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portosystemic and surgical portosystemic shunts
are indicated in refractory cases or as a bridge to
liver transplantation.'®

Patients with CF cirrhosis will require annual
US of the liver and serum alpha-fetoprotein level
measurement to screen for the possible development
of hepatocellular carcinoma.***

Liver transplantation (LT) should be considered
in CF patients with decompensated liver disease,
cirrthosis and portal hypertension, progressive
deterioration of pulmonary function, and severe
malnutrition that is refractory to nutritional
support.*1¢#-50 Tsolated LT in CFLD has been
reported to help improve the respiratory function
and general patient condition.’**" Careful patient
assessment for either isolated LT or in combination
of lung transplantation should be practiced.”® The
five-year survival rates for children and adults
undergoing LT were reported to be 85.8% and
72.7%, respectively.’®*" Although the survival rate
is satisfactory, it is lower than that of LT for other
etiologies, which could be explained by the lower
nutritional status, decline in pulmonary function,
and infection in this patient population.’' Overall,
there is a survival advantage in LT compared to
patients remaining on the waiting list.>! However,
this advantage may not be seen in patients with
isolated variceal bleeding as manifestation of
CFLD.'* Mortality is increased in children who are
below the fifth percentile for height and weight at
time of LT.>' Progressive pulmonary disease, poor
nutritional status and lower body mass index, and
infections have been reported to contribute to LT
late mortality.!

Nowel therapies

Small molecules that increase either the number
or the opening time of CFTR channels on the cell
surface have now been identified and successfully
trialed in patients with CE.>% Ivacaftor (VX770) is
a CFTR potentiator administered to patients with
a 551G>D mutation that affects channel gating by
improving the opening time of the mutant channel,
and hence increasing its ion transport. It has shown
effect through the improvement in sweat chloride
concentration, lung function, body mass index, and
decreased exacerbation rate.”** Ivacaftor therapy
also was noticed to induced change in the GI pH
profile, that led to a reduction in the daily pancreatic
enzyme supplements dose.”* Lumacaftor (VX-809)

has been approved, in combination with ivacaftor,
for patients homozygous for FS08D.* It acts as a
CFTR channel corrector that suppresses misfolding
of the CFTR protein, allows the CFTR to bypass
proteomic degradation and therefore increases the
CFTR proteins trafficking to the cell surface in
patients with this mutation.”®

The combination therapy of ivacaftor and
lumacaftor has produced considerable improvements
in lung function, weight gain, and reduced
exacerbations of pulmonary symptoms.* The
weight increase observed under this combination
is speculated to be due to both improvement
in pulmonary function and improvements in
GI physiology.>

It is speculated that effective treatment of CFLD
consists of adjuvant approach that repairs the
primary defect and decreases inflammation.' Nuclear
receptors that modulate inflammation might
represent a novel strategy to control inflammation
seen in the CF biliary epithelium.!

Several other new CF medications are in clinical
trials.'* Ataluren (PTC124), an orally bioavailable
small molecule, designed to induce ribosomes to
selectively read through premature stop codons
during mRNA translation to produce functional
CFTR.> As nonsense mutations account for 10% of
CFTR mutations, this modality can be an example
of personalized medicine, with which patients with
specific gene mutations are targeted with a specific
modality of therapy.”

CONCLUSION
CFLD is common and considered to be the
third leading cause of mortality in patients
with CF after respiratory and transplantation
complications. The clinical picture of CFLD can
take many forms, ranging from mild asymptomatic
hypertransaminasemia to cirrhosis and end-stage
liver disease. Once the diagnosis of CFLD is
made, annual follow-up by gastroenterologists or
hepatologists is recommended. There is no effective
therapy to prevent or treat CFLD. Management of
CFLD empbhasizes on optimizing nutritional status,
avoiding hepatotoxic medications, and UDCA.
Indications for liver transplant in CFLD include
decompensated cirrhosis, with acceptable long-
term outcomes. Novel therapy should consist of an
adjuvant approach that repairs the primary defect
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and decreases inflammation. Effect of some of

newer novel therapy approaches on CFLD is under

clinical trials.
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