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Abstract

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in the
CF transmembrane conductance regulator gene. CF liver disease develops in 5%-
10% of patients with CF and is the third leading cause of death among patients
with CF after pulmonary disease or lung transplant complications. We review the
pathogenesis, clinical presentations, complications, diagnostic evaluation, effect of
medical therapies especially CF transmembrane conductance regulator modu-
lators and liver transplantation in CF associated liver disease.

Key Words: Cystic fibrosis liver disease; Portal hypertension; Cirrhosis; Liver transplan-
tation; Cystic fibrosis transmembrane conductance regulator modulators; Distal intestinal
obstructive syndrome
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Core Tip: Cystic fibrosis(CF) liver disease is caused by abnormal cholangiocyte
function, altered biliary secretion and abnormal innate immune response with abnormal
response to endotoxins. CF liver disease can present with a wide variety of clinical
features from a heterogenous liver on ultrasound, to life threatening gastrointestinal
bleeds secondary to portal hypertension. Novel treatment strategies directly targeting
the ion channel abnormality-cystic fibrosis transmembrane conductance regulator
modulators are available and has significantly improved the clinical status and life
expectancy of the cystic fibrosis patients.
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INTRODUCTION

Cystic fibrosis (CF) the most frequent fatal autosomal recessive disorder in Caucasians,
is caused by autosomal recessive disease caused by mutations in the CF transmem-
brane conductance regulator (CFTR) gene on the long arm of chromosome 7 with more
than 2000 variants reported[1]. F508del variant resulting from deletion of three
nucleotides that leads to loss of a single phenylalanine residue at codon 508, accounts
for approximately 70% mutations[2]. CFTR protein is found in the epithelial cells of
lungs, sweat glands, liver pancreas and intestine. Liver disease is one of the classic
phenotypes of CF.

CF liver disease (CFLD) usually develops within the first 20 years of life and has a
stable non-progressive or mildly progressive course in later life[3,4]. Most children
with CF will have some degree of steatosis but clinically significant liver disease
develops in < 10% of pediatric CF patients usually by 10 years of age. CF related
cirrhosis is a disease of the childhood and adolescence while predominant biliary
involvement mimicking sclerosing cholangitis mostly occurs in adulthood[5]. The
diagnosis of liver disease has profound implications in short and long term prognosis
in CF patients and is the third leading cause of mortality in CF. Analysis of a large
cohort of patients from the CF Foundation Patient Registry database showed that in
CF patients with liver disease, the estimated 10-year cumulative rate of any adverse
liver-related outcomes was approximately 20%[2]. Liver disease with cirrhosis and or
portal hypertension has been classified as severe CFLD.

PATHOPHYSIOLOGY

CFLD is a genetic disorder of cholangiocyte transport protein defect, resulting in
chronic cholangiopathy caused by reduced ductal bile flow generation and reduction
in biliary chloride and bicarbonate secretion caused by the dysfunction of CFTR[6,7].
But this mechanism alone cannot explain CFLD, because CFTR deficiency is present in
all patients while CFLD occurs only in a small population of CF patients and has
varying clinical manifestations and severity. As described below, a combination of
factors including CFTR genotype, non-CFTR genetic variability, abnormal intracellular
interactions, abnormal cholangiocyte function, altered biliary secretion, pathologic
stimulation of innate immune response with abnormal response to endotoxins lead to
CFLD.

Abnormal cholangiocyte function and altered biliary secretion

Abnormal CFTR results in inhibition of cyclic adenosine monophosphate dependent
chloride and bicarbonate secretion. This reduces the bile flow and alkalinity resulting
in the biliary epithelial damages deriving from the retention of cytotoxic bile acids and
xenobiotics and from the reduction in natural defenses against microbiologic
pathogens. The response to chronic epithelial damage and the progression in the liver
damage depends on the immunogenetic response of the individual and on other
modifier genes.

Abnormal protein-protein interactions

CFTR mediated liver injury is also postulated to be caused by ability to regulate the
function of other proteins by physically associating in macromolecular complexes at
the membrane (protein-protein interaction)[8,9]. CFTR interacting proteins are located
not only in the plasma membrane but also in nucleus, endoplasmic reticulum, Golgi
apparatus, trafficking vesicles, proteasomes and cytoskeleton[9]. For example, the
interaction of CFTR with proteins regulating the function of non-receptor tyrosine
kinase Rous sarcoma oncogene cellular homologue can modulate innate immune
responses in cholangiocytes[8]. Dysfunction of interactions can have systemic
consequences resulting from the perturbation of the interconnected cellular networks
accounting for some of the phenotypic variation in CF[8].

Abnormal innate inflammatory response

The conventional theory of CFLD postulates that biliary epithelial CFTR dysfunction
causes alterations in the volume and composition of bile, resulting in loss of protective
effect of biliary bicarbonate and mucus and an accumulation of toxic bile acids causing
damage to the epithelium by initiating an inflammatory response[8]. But it is now
postulated that the abnormal inflammatory response is due to lack of tolerance in the
innate immune system[7]. CFTR is a now thought as a regulator of cholangiocyte
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innate immune responses and defective CFTR results in aberrant activation of Src
tyrosine kinase causing upregulation of innate inflammatory responses via the Toll-
like receptor 4/NF-kB axis[7,10]. This results in lack of tolerance of biliary epithelium
to endotoxin (e.g. pathogen-associated molecular patterns) from bile and intestine,
leading to a para-inflammatory process in the biliary epithelium with the release of

cyto/chemokines and the infiltration of the portal spaces with inflammatory cells[7,
10].

Gut dysbiosis and role of gut-liver axis

There is a substantial reduction in the richness and diversity of gut bacteria in patients
with CF from early childhood until late adolescence and the changes deviate
progressively farther from the path of healthy controls with increasing age[11]. Gut
dysbiosis results in reduction in anti-inflammatory short-chain fatty acids, altered
ratios of arachidonic acid/Linoleic acid and arachidonic acid/docosahexaenoic acid
leading to increased gut inflammation[8,12]. This causes increased permeability of
intestinal epithelia, increasing the exposure of biliary epithelial cholangiocytes to
endotoxins, perpetuating the inflammatory cascade[8,12]. But it is not certain if
intestinal inflammation is caused by the altered microbiota in CF or is the consequence
of an altered environment[8,12].

Genetics

There is massive heterogenicity in CFTR phenotype among patients with CFLD and
CFTR genotype-phenotype correlations are generally weak. The functional conse-
quences of CF-causing variants have been grouped into six classes[1,13] (Figure 1).
Mutations in classes I and II are also known as minimal function mutations since they
demonstrate no to very little CFTR function, while those in classes IV, V, and VI are
known as residual function mutations since they demonstrate some CFTR function,
although it is lower compared to the wild type CFTR[14]. CFLD is mostly occurs in
pancreatic insufficient patients with biallelic loss-of-function mutations in CFTR (class
I, II, or III mutations on both allele)[1,3]. It has been shown that non-CFTR genetic
variability also contributes to risk for severe liver disease[15]. This might be one of the
reasons in variability of phenotype even between siblings inheriting the same
mutations. Though many candidate genes have been postulated, in a large study
SERPINAT1 (coding for alphal-antitrypsin) Z allele was significantly associated with
CFLD and portal hypertension[16].

CLINICAL FEATURES

The prevalence of CFLD varies widely in children and adolescents, based upon the
diagnostic criteria used ranging from < 5% to 68%[17,18]. CFLD is more common and
the median age of diagnosis is earlier in males[19]. Liver involvement in CF may be
subclinical until diffuse liver damage occurs. Liver involvement can vary from mild
elevation of aminotransferases to cirrhosis with synthetic failure and portal
hypertension. The degree of liver involvement and the rate of progression of liver
disease varies significantly among individuals. The awareness of CFLD and its clinical
implications has increased as evidenced by an early diagnosis and a drop in the
median time at diagnosis from adolescence to < 3 years of age[17,18].

Risk factors for CFLD include male sex, presence of severe mutations, presence of
SERPINA 1Z allele, history of meconium ileus, exocrine pancreatic insufficiency and
CF-related diabetes[20]. The most common clinical feature is asymptomatic hepato-
megaly detected by clinical examination or ultrasonography[18]. Pancreatic insuffi-
ciency occurs in 99% of patients with CFLD[19]. Liver involvement in CF can be
classified into two broad categories based on the presence of cirrhosis/portal
hypertension (Table 1).

Liver disease without portal hypertension

Cholestasis: Neonatal/infantile cholestasis is the earliest manifestation of liver
involvement in CF, but is very rare (< 2%). It is important to exclude other common
causes of neonatal cholestasis like biliary atresia and also to consider the diagnosis of
CF in infants who present with cholestasis[21].

Abnormal liver enzymes: The commonly noticed abnormalities include intermittent
rise in serum transaminases (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT)) and/or increased serum levels of alkaline phosphatase (ALP)
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Table 1 Spectrum of cystic fibrosis liver disease in children

Spectrum of cystic fibrosis liver disease in children

Liver

Neonatal cholestasis

Pre-clinical

Elevated aminotransferases

Increased GGT

Steatosis

Portal hypertension including non-cirrhotic portal hypertension

Cirrhosis

Focal biliary

Multi-lobular

Gallbladder and biliary system
Cholelithiasis

Abnormal size/function

Intra and extrahepatic biliary strictures (sclerosing cholangitis)

GGT: Gamma glutamyl transferase.

Jaishideng®

and gamma glutamyl transferase (GGT). Elevated liver enzymes can precede clinical
and radiological abnormalities by several years. Bile duct damages can be
demonstrated even in asymptomatic cases[22]. About 53%-93% of patients with CF
have at least one abnormal value of AST/ALT, while over one-third have abnormal
levels of GGT by 21 years of age[23]. CFLD patients with cirrhosis with portal
hypertension can have normal liver biochemistry and synthetic function. Fluctuations
in liver biochemistry is common and can be due to medications, infection or
malnutrition.

Steatosis: Steatosis is common in CF patients, seen in upto 70% children undergoing
liver biopsies[24]. The etiology is uncertain, but postulated to be due to malnutrition,
deficiencies of essential fatty acid, carnitine and choline[24,25]. Steatosis in CF patients
can also be caused by impaired glucose tolerance, diabetes mellites, hypertrigly-
ceridemia and obesity[23]. Significant steatosis has become uncommon due to earlier
diagnosis of CFLD and appropriate nutritional management. Alcohol consumption
should be considered in adolescent CF patients with steatosis. Steatosis in CF was
previously thought to be a benign condition, but with the emergence of nonalcoholic
steatohepatitis as a leading cause of cirrhosis and understanding of the pathology, this
might no longer be the case. Other signs of chronic liver disease or portal hypertension
are usually not present.

Gallbladder and biliary tract involvement: Abnormalities of gallbladder (GB) can be
present in children with CF. Micro-GB has been described in up to 33% of patients and
GB might even be absent in CF patients[26]. Abnormal function of gallbladder and
gallstones can also present. Black pigmented stones are more commonly found in
patients with CF compared to cholesterol gallstones which are common in general
population[26]. Symptomatic GB disease (4%) and need for cholecystectomy is
common in adults[26].

Intra- or extrahepatic biliary strictures and segmental dilation has been reported in
children with CF. Bile duct strictures and associated complications frequently occur
even in patients with mild variants of CF. Magnetic resonance (MR) cholangiography
data has shown that up to 70% of patients can have abnormalities of biliary tree
regardless of biochemical or clinical evidence of liver disease and can mimic primary
sclerosing cholangitis[24,26]. There is no correlation between severity of liver disease,
abnormal liver tests and the presence of biliary strictures[24,26].
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WT-CFTR

G542X, R553X,

Mutation examples
R1162X, W1282X

G85E, 1507del,
F508del, N1303K

S549R, G551D,
G1349d

R117H, R334W,
D1152H

A455E, 2789+5G>A,

r.F508del, Q1411X
3849+10kbC>T

Protein synthesis
Defect types

Minimal function

Channel conductance Protein abundance
Channel gating

Protein traffic PM Protein stability

Residual function

Clinical features
(global aspects)

More severe phenotype

Milder phenotype

Figure 1 The functional consequences of cystic fibrosis-causing variants have been grouped into six classes. Class | mutations lead to no
protein synthesis or translation of shortened, truncated forms. They result from splice site abnormalities, frameshifts due to deletions or insertions, or nonsense
mutations, which generate premature termination codons. Class Il mutations lead to a misfolding protein that fails to achieve conformational stability in the
endoplasmic reticulum and then does not traffic to the plasma membrane (PM), being instead prematurely degraded by proteasomes. Class Ill mutations lead to a
gating channel defect due to impaired response to agonists, although the protein is present at the PM. Class IV mutations lead to a channel conductance defect with
a significant reduction in cystic fibrosis transmembrane conductance regulator (CFTR)-dependent chloride transport. Class V mutations lead to a reduction in protein
abundance of functional CFTR due to reduced synthesis or inefficient protein maturation. They result from alternative splicing, promoter or missense mutations. Class
VI mutations lead to reduced protein stability at the PM, which results in increased endocytosis and degradation by lysosomes, and reduced recycling to the PM. PM:

Plasma membrane.
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Liver disease with cirrhosis/portal hypertension (severe CFLD)

Portal hypertension: Variceal bleed can occur with or without cirrhosis and frequently
occurs in the context of preserved hepatic synthetic function. Varices can be seen in 10-
70% with CFLD and may be present at diagnosis of CFLD in 25%[19,27,28]. Isolated
gastric varices may be seen in 15%[19]. Variceal bleed can be the sentinel event in
CFLD leading to the diagnosis of portal hypertension/cirrhosis in up to 50% and may
also be fatal, either from bleed itself or by precipitating liver failure. The age at first
bleed can range from 10-30 years and recurrent bleeds can also occur[4]. Variceal bleed
is associated with 5 fold risk of liver transplantation (LT)[2]. Thrombocytopenia has
been postulated as a marker of severe CFLD with portal hypertension, so decreasing
or persistently low platelet counts should prompt evaluation for portal hypertension
[19]. Non cirrhotic portal hypertension can also occur in CFLD[28,29]. This has been
postulated to be due to perisinusoidal portal venopathy caused by inflammation and
fibrosis[24,29].

Focal biliary cirrhosis: Focal biliary cirrhosis is characterized by focal areas of scarring
and furrowing in the liver with large areas of normal preserved hepatic architecture in
between. Histologically, it is characterized by cholestasis, significant focal fibrosis,
plugging of bile ducts with eosinophilic material, bile duct proliferation and expansion
of portal tract leading to the postulation that bile duct plugging is the causative factor.

Focal biliary cirrhosis is clinically silent without any abnormalities on physical
examination and normal liver biochemistry. Radiological imaging is also frequently
noncontributory. Postmortem studies have shown that the incidence of focal biliary
cirrhosis increases with advanced age- 11% in infants, 27% at 1 year and 25%-70% of
adults[24]. Only a small subset of patients will progress to more severe liver disease
and eventually multilobular cirrhosis, but the factors causing this is not known.

Multilobular cirrhosis: Biliary cirrhosis with portal hypertension is the most severe
clinical manifestation of CFLD. Clinically, liver is multilobulated and firm- extensive
lobulation is characteristic of CF cirrhosis. Signs of chronic liver disease such as
clubbing, spider angioma, and palmar erythema may be present but is uncommon and
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often occurs late in the disease course. There are no clinical or biochemical
abnormalities or radiological features that consistently predict the presence of cirrhosis
or risk of development of portal hypertension[28]. Majority of the morbidity due
cirrhosis is caused by complications arising from portal hypertension. Hepatic enceph-
alopathy is rare complication of cirrhosis per se in CFLD and mostly has occurred after
therapeutic portosystemic shunting for management of portal hypertension[24].
Hepatic decompensation as evidenced by progressive decrease in albumin levels and
development of ascites represents poor prognosis and necessitates LT evaluation.

Patients with cirrhosis are at risk of significant malnutrition as compared to CF
patients without liver disease. This is due to anorexia, micronutrient deficiency, early
satiety due to organomegaly and increased catabolism. In a study comparing CFLD
patients with CF patients without liver disease, body fat measurements, including
triceps, subscapular, and supra-iliac skinfold measures, were significantly less in the
CFLD patients[27]. However, weight, height and mid upper arm circumference were
not different between the two groups[27].

EVALUATION

Liver enzymes (AST, ALT, GGT) are poor predictors or indicators of cirrhosis or the
risk of development of cirrhosis or CFLD and are neither sensitive or specific. There is
poor correlation of liver enzymes with histologic findings, with 25% of CFLD patients
with biopsy proven severe liver fibrosis having normal ALT levels[28]. But patients
presenting with significant or persistently elevated liver biochemistries warrant
further investigation for evidence of CFLD and other etiologies (Table 2). Persistently
elevated GGT might be a pointer to biliary disease (e.g., sclerosing cholangitis).
Thrombocytopenia with splenomegaly is suggestive of development of portal
hypertension. The synthetic function of liver (clotting, albumin) should be checked in
all patients with suspected CFLD. If deranged after correcting nutritional (poor diet,
vitamin deficiency) defects, should be thoroughly investigated.

Imaging

Ultrasound (US) of the hepatobiliary system with Doppler measurements of hepatic
vasculature is non-invasive and may be a valuable marker of early CFLD[30]. Partial
or complete hyper echogenicity liver, suggestive of steatosis is the most common US
finding in CF[31]. Another fatty infiltration pattern, pseudomasses, seen as lobulated
fatty structures of 1-2cm causing heterogeneity in the liver parenchyma is typical of
CF[31]. Focal biliary cirrhosis appears sonographically as regions of increased
echogenicity in periportal areas[31,32]. Cirrhotic liver has a nodular appearance with a
coarsened echotexture[32]. Right hepatic lobe atrophy and hypertrophy of the caudate
and lateral segments of the left lobe may be seen[32]. Splenomegaly, portosystemic
shunts, hepatofugal flow in portal vein, and ascites can be seen with portal
hypertension.

Abnormal echogenicity frequently precedes biochemical/clinical evidence of liver
disease, with one study showing that two thirds of the children with abnormal liver
echotexture and 50% with portal hypertension had no biochemical/clinical evidence of
CFLD at the time when US changes were first noted[30]. Heterogeneous pattern of
liver has been shown to be associated with higher risk of development of advanced
liver disease in CF patients[30,33]. However, there is significant intra/ interobserver
variability in US imaging and children with normal hepatic US can have advanced
fibrosis, so a normal US does not exclude significant liver fibrosis or CFLDI[3].

Assessment of the intra and extrahepatic biliary tree is better with MR cholan-
giography. The typical appearances include strictures, beading, narrowing, or
dilatation of the intrahepatic ducts; diffuse narrowing or focal stricture of the common
bile duct; and calculi[32].

Liver biopsy

Liver biopsy (LB) the gold standard in diagnosing fibrosis and cirrhosis, but is difficult
to perform in CF patients because of the invasive nature and presence of associated
comorbidities. Also because of the patchy distribution of lesions in CFLD, LB may
underestimate the severity of lesions[25]. LB should be reserved for evaluation for
other potential causes of fibrosis (autoimmune hepatitis, Wilson’s disease, hepato-
trophic infections) or drug-induced liver injury.
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Table 2 Causes of acute or chronic liver disease in cystic fibrosis patients showing hepatic abnormalities

Condition

Investigation

Acute/chronic viral hepatitis
ol antitrypsin deficiency
Autoimmune hepatitis
Celiac disease

Wilson disease

Drug induced liver injury

Genetic hemochromatosis (adults)

Other causes of steatosis

Serology for HAV, HBV, HCV, EBV, CMV, adenovirus, HHV 6, parvovirus
Serum «l antitrypsin level, including phenotype

Non-organ specific autoantibodies (SMA, anti-LKM1, LC1)

Total IgA, IgA anti-tissue transglutaminase

Ceruloplasmin, serum copper, 24 h urinary copper

Antibiotics (cyclines, macrolides, amoxicillin-based, and cephalosporins) & antifungals
(azoles and polyenes)

Iron, Ferritin, Transferrin binding capacity

Malnutrition, diabetes, obesity

This table is modified from Debray et al[25]. HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; CMV: Cytomegalovirus; EBV:
Epstein-Barr virus; HHV6: Herpes hominis virus type 6; SMA: Smooth muscle antibody; LKM1: Liver kidney microsomal type 1; LC: Liver cytosol type 1;

IgA: Immunoglobulin A.
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Noninvasive tests of fibrosis and liver disease

The early detection and monitoring of fibrosis, assessment of stage of fibrosis and
progression to CFLD is challenging because routinely available tests to measure liver
damage can often be normal even in advanced cirrhosis and liver biopsy is invasive
with potential risk of complications. Non-invasive tests are divided into direct and
indirect markers of liver fibrosis and imaging modalities as outlined in Table 3.

Direct markers are components of extracellular matrix degradation or fibrogenesis
in serum include Matrix Metalloproteinase-9, tissue inhibitor of metalloproteinase-1
and 2, procollagen III peptide, collagen type-IV, hyaluronic acid, laminin, prolyl
hydroxylase and YKL-40. These are not readily available in the routine clinical setting,
are costly and are not validated in large scale studies. Indirect markers are serum-
based tests and consist of readily available biochemical surrogates and clinical risk
factors (AST, ALT, platelet count, age) for liver fibrosis. These include aspartate
aminotransferase to platelet ratio index (APRI) and Fibrosis-4 (Fib-4). Stonebraker et al
[19] demonstrated in a large pediatric cohort (n = 497) with CFLD and portal
hypertension that APRI and Fib-4 values could differentiate patients who developed
complications of portal hypertension and were significantly different in CFLD patients
with and without oesophageal varices.

Advanced imaging modalities which quantify liver stiffness as a marker of fibrosis
such as transient elastography (TE, Fibroscan®), acoustic radiation force impulse and
MR elastography have been shown to accurately reflect advanced liver disease/end-
stage fibrosis in CF. Liver stiffness as measured by TE had high diagnostic accuracy
and was increased in CFLD compared to CF patients without liver disease[34]. Serial
monitoring using TE is more useful as progressive enhancement of liver stiffness as
this might reflect progression of liver disease thereby facilitating early detection[34,
35]. MR elastography is currently the most accurate noninvasive method across the
spectrum of liver fibrosis and offers promise in the assessment of response to
antifibrotic drugs but is not well studied in the context of CF liver disease[36].

Noninvasive methods are valuable for excluding advanced fibrosis or cirrhosis, but
are not sufficiently predictive when used in isolation and have not yet been
demonstrated to accurately reflect fibrosis change in response to treatment, limiting
their role in disease monitoring[36]. Combination of serum markers with liver stiffness
analysis might improve the sensitivity and negative predictive value without altering
the specificity[34]. The negative predictive value of noninvasive tests is generally very
high, allowing the clinician to be confident that advanced fibrosis or cirrhosis has been
excluded.

DIFFERENTIAL DIAGNOSIS

The wide spectrum, variability of presentation at different age groups, presence of
confounding factors and the absence of specific markers or tests makes it difficult to
diagnose CFLD. The common differential diagnosis to be considered in CFLD are

WJH | https://www.wjgnet.com 1733 November 27,2021 | Volume13 | Issuell |



Valamparampil JJ et al. Cystic fibrosis liver disease in children

Table 3 Examples of noninvasive monitoring of liver fibrosis in pediatric cystic fibrosis liver disease

Non-invasive Outcome
Ref

marker . measured AUC Sensitivity Specificity Comments

Indirect markers of liver fibrosis

APRI Leunget  CFLD diagnosis  0.81 73% 70% APRI score cut-off > 0.264; Predict CFLD and significant fibrosis in
al[37] and severe CFLD CFLD with a high degree of accuracy

FIB-4 Leunget  Portal 091  78% 93% FIB-4 cutoff 0.358
al[37] hypertension

Direct markers of liver fibrosis

TIMP-1 Pereiraet CFLD diagnosis ~ 0.76  64% 83% Significantly increased in CFLD vs no-CFLD
al[38]
Prolyl Pereiraet CFLD 60% 91% Negative correlation between serum TIMP-1 levels and the stage of
hydroxylase al[38] histological fibrosis; Prolyl hydroxylase useful in distinguishing
diagnosis CFLD patients with early fibrogenesis vs extensive fibrosis; Not able

to differentiate CFLD versus no-CFLD

TIMP-2 Rathetal CFLD diagnosis  0.69 - -
[38]
m-RNA’s Cooketal CFLD diagnosis ~ 0.78  47% 94% Able to differentiate between CFLD versus no-CFLD but quantify not
[39] fibrosis stage; Pathological significance not yet certain, more studies
needed
Imaging methods
Transient Witters et Liver stiffness 0.86 63% 87% Less inter and intra-observer variability; Easy to learn and perform;
elastography  al[40] Regular measurements for serial follow-up feasible
Rathetal Liver stiffness 0.68 - - Few centres have access to technology
[34]
MR Palermo  Liver stiffness = 100% 100% Small study, paucity of data; Shear stiffness significantly elevated in
elastography et al[41] CF patients with cirrhosis; Costly with limited availability

AUC: Area under the curve; APRI: Aspartate aminotransferase to platelet ratio index; CFLD: Cystic fibrosis associated liver disease; Fib-4: Fibrosis-4; TIMP:
Tissue inhibitor of metalloproteinase; m-RNA: Messenger ribonucleic acid; MR: Magnetic resonance.

listed in Table 2.

DIAGNOSTIC CRITERIA OF CFLD

The commonly used diagnostic criteria are described in Table 4.

MANAGEMENT

Management of CFLD should be done by a multi-disciplinary team and is mainly
supportive since there is no effective therapy to treat or prevent progression of fibrosis,
portal hypertension, or cirrhosis in CFLD. The CF foundation guidelines recommends
annual screening for CFLD in children with examination of abdomen (hepatospleno-
megaly), biochemical evaluation (bilirubin, AST, ALT, GGT, ALP, albumin,
prothrombin time, platelet count), abdominal US and pulse oximetry (screening for
hepatopulmonary syndrome)[25]. Salicylic acid and non-steroid anti-inflammatory
drugs are contraindicated once CFLD is diagnosed and vaccination against hepatitis A
and B should be done.

Ursodeoxycholic acid (UDCA) is recommended for all children diagnosed with
CFLD at 20 mg/kg/d divided twice daily initially and increased up to 30 mg/kg/d
[25]. A Cochrane review[42] had shown that there were only few trials assessing the
effectiveness of UDCA with poor quality of evidence and there was no data on the
effect of UDCA on long term outcomes including need for LT or mortality. Hence, the
long term continuation of UDCA should be individualized.
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Table 4 Diagnostic criteria of cystic fibrosis liver disease

Debray et al[25] CF foundation classification[24]

Hepatomegaly and/ or splenomegaly- increased liver CF related liver disease with cirrhosis/portal hypertension (based on clinical exam/imaging,
span at midclavicular line and spleen size in histology, laparoscopy)

longitudinal coronal plane for age and sex, confirmed

by ultrasonography

Abnormalities of liver function tests-elevated AST and  Liver involvement without cirrhosis/ portal hypertension consisting of at least one of the
ALT and GGT levels above the upper limit of normal following: (1) Persistent AST, ALT, GGT > 2 times upper limit of normal; (2) Intermittent
with at least at 3 consecutive determinations over 12 elevations of the above laboratory values; (3) Steatosis (histologic determination); (4) Fibrosis
months after excluding other causes of liver diseases (histologic determination); (5) Cholangiopathy (based on ultrasound, MRI, CT, ERCP); and (6)

Ultrasound abnormalities not consistent with cirrhosis

Ultrasonographic evidence of coarseness, nodularity, Preclinical: No evidence of liver disease on clinical examination, imaging or laboratory values
increased echogenicity, or portal hypertension

Liver biopsy showing cirrhosis

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; GGT: Gamma glutamy] transpeptidase; CF: Cystic fibrosis; MRI: Magnetic resonance

imaging; CT: Computed tomography; ERCP: Endoscopic retrograde cholangiopancreatography.

Jaishideng®

Nutrition

Optimal nutrition is the cornerstone of CFLD management. Malnutrition in CF is
multifactorial including malabsorption due to pancreatic insufficiency, recurrent
infections, chronic inflammation, chronic liver disease and anorexia. Nutrition should
be managed by experienced CF dietetic team. It is recommended that CFLD patients
increase energy intake to 150% of Recommended Daily Allowance preferably by
increasing proportion of fat to 40%-50% of the energy content of the feed or diet, with
supplementation in medium chain triglycerides and special attention to polyunsat-
urated fatty acids[25].

About 3 g/kg/d of protein and sufficient pancreatic enzymes to allow optimal
absorption of long-chain triglycerides and essential fatty acids is also recommended.
High dose oral fat soluble vitamin supplements is recommended- vitamin A
(5000-15000 international units daily), vitamin E (alpha tocopherol 100-500 mg daily),
vitamin D (alphacalcidiol 50 ng/kg to maximum of 1 pg) and vitamin K (1-10 mg
daily)[25]. Plasma levels of vitamins (A, D and E) and prothrombin time needs to be
closely monitored to prevent toxicity or deficiencies.

Salt supplementation should be avoided in CF patients with cirrhosis and portal
hypertension due to the risk of development of ascites. If adequate caloric intake
cannot be achieved orally, nasogastric feeding may be required to ensure adequate
caloric intake. CFTR modulator therapy has resulted in less pulmonary exacerbations,
decrease in levels of inflammatory makers, better body mass index and pancreatic
function resulting in better overall nutritional status[14].

Management of esophageal varices

Management of varices in CFLD is complicated by the fact that non-selective beta-
blocker (propranolol or carvedilol) might be contraindicated due to the associated lung
disease and repeated general anesthesia required for screening of therapeutic
endoscopic procedures may also reduce lung function and predispose to infections.
Primary variceal prophylaxis in CFLD most commonly involves endoscopic variceal
band ligation, but there is lack of quality evidence in children[24].

Variceal bleeding in the absence of decompensated cirrhosis in CFLD is most
commonly managed by therapeutic endoscopy (band ligation +/- sclerotherapy)[4].
Sclerotherapy is useful if variceal band ligation is unsuccessful or gastric varices are
present. Patients with refractory life threatening bleeds might require transjugular
intrahepatic portosystemic shunt (TIPSS) or in rare circumstances surgical
portosystemic shunting as an lifesaving procedure. Careful evaluation of liver disease
and lung disease is necessary before proceeding with an elective TIPSS procedure. In a
study[4] specifically analyzing outcomes of variceal bleeds in CFLD, out of 35 bleeding
episodes, 30 were controlled by endoscopic procedures, while 11% (4 episodes)
required either TIPSS, surgical shunts procedures.

Liver transplantation
LT evaluation should be offered for CFLD patients with intractable complications of
portal hypertension and/or end stage liver disease since LT confers significant
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survival advantage[43]. The main indications of isolated LT in CFLD is listed in
Table 5. Poor growth and nutrition as an indication remains controversial because
studies have not shown consistent improvement after LT[43]. LT should be considered
when nutritional deficiencies are believed to be sequelae of advanced liver disease and
portal hypertensive enteropathy impacting clinical outcomes[43]. Lung function may
improve, remain stable or deteriorate after LT and any short term advantage with
improvement of lung function is lost within 3 years of LT[44,45]. So, rapidly deteri-
orating lung function alone should not be an indication for isolated LT in stable CFLD
[46].

Long term outcomes after LT are lower in children with CFLD as compared to other
etiologies[44]. Table 6 illustrates details of few published series on LT in CFLD in
children. For those patients with end-stage liver disease and significant pulmonary
complications, combined liver-lung or liver-heart-lung transplantation may be
considered, but outcomes are worse compared to isolated LT[45,46].

Pre-transplant considerations

Careful assessment of liver disease, pulmonary function, nutritional status and type of
transplant to be performed should be done by an experienced multidisciplinary team.
Concomitant causes or other etiologies of liver injury as listed in Table 3 should be
ruled out before LT is considered. Alpha-1-antitrypsin level and genotype, screening
for autoimmune hepatitis and Wilson’s disease should be done as a part of the workup
especially if the child is seen for the first time in a LT center. CFLD patients being
considered for LT should have endoscopic variceal surveillance and possibly
coordinated with bronchoscopy and dental procedures as part of the LT evaluation to
minimize the number anaesthetic procedures[43]. Careful evaluation of cardiac
function should be done since patients with cardiomyopathy or severe pulmonary
hypertension may require combined heart, lung, and liver transplantation.

A thorough evaluation by a pediatric pulmonologist with CF and lung
transplantation expertise should be a part of the LT assessment, irrespective of the
forced expiratory volume in one second (FEV1). Analysis of United Network for
Organ Sharing data from 1987 through 2009 suggested that patients with a predicted
forced vital capacity (FVC) > 75% and FEV1 > 60% (possibly even >40%) may be safely
offered isolated LT[50]. The possibility of progressive deterioration in lung function
after LT should be communicated to the family. The most difficult group to decide is
patients who require LT but present with borderline (FEV1 40%-60% predicted)
and/or rapidly declining (10% FEV1 predicted/year) pulmonary function[43].

Microbial considerations, such as multidrug resistant bacterial infections and
history of recurrent/ invasive fungal infections are critical since post-transplant sepsis
is a leading cause of mortality[43,50]. Flexible bronchoscopy with bronchioalveolar
lavage with cultures for mycobacteria, fungus, and quantitative bacterial analysis from
at least 2 locations within each lung is recommended[43]. The presence of multidrug
resistant Mycobacterium abscessus in the lungs, even with well-preserved pulmonary
function, carries a high risk of mortality in the first year after transplant and needs to
be considered carefully before recommendation for LT[43].

Patients should be evaluated for nasal polyps and chronic sinusitis and treated
immediately if identified[43]. CF-related diabetes should be evaluated and well
controlled prior to LT. Dietetic and nutritional assessment is an integral part of the
evaluation.

Post-transplant considerations

Immunosuppression after LT in patients with CF will vary from center to center but
typically consists of triple drug therapy with tacrolimus, steroids and mycophenolate
mofetil/azathioprine. Close collaboration between the CF, transplant and infectious
diseases teams is crucial because of the increased risk of mortality from infections.
Early mortality (< 6 mo) post-LT is due to disseminated aspergillosis/candidiasis, and
sepsis with gram-negative enteric bacteria and staphylococcus aureus while later
deaths are a result of progressive pulmonary disease[43]. Post-transplant antibiotic
prophylaxis in our unit consists of fluconazole for candida species, acyclovir for herpes
simplex virus, valganciclovir for cytomegalovirus and trimethoprim-sulfamethoxazole
for Pneumocystis jiroveci. Distal intestinal obstructive syndrome (DIOS) causing acute
potentially life-threatening intestinal obstruction can develop post- transplant in >20%
of pediatric patients[49]. In the pre-transplant period, DIOS occurs typically in older
CF patients in adolescence and adulthood, in those with advanced liver disease, severe
CFTR mutations, pancreatic insufficiency and diabetes mellitus. In our unit, patients
are categorized into low risk (no episodes of DIOS in previous 5 years) and high risk
(episodes of DIOS in previous 5 years and previous abdominal surgery) before LT.
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Table 5 Indications and contraindications for liver transplantation in cystic fibrosis liver disease (Modified from Freeman et al[43])

Indications and contraindications

Indications

Strong (1) Progressive hepatic dysfunction with hypoalbuminemia and coagulopathy (Coagulopathy not corrected by vitamin K, cholestasis not
attributed to other causes); (2) Complications of portal hypertension (Intractable/recurrent variceal bleeding which is not controlled by
medical or endoscopic management); (3) Hepatopulmonary and porto-pulmonary syndrome; (4) Overt hepatic encephalopathy; and (5)
Hepatorenal syndrome

Controversial (1) Deteriorating pulmonary function (FEV1/FVC <50%) with increased frequency and severity of pulmonary infective episodes requiring
hospitalization; and (2) Severe malnutrition, unresponsive to intensive nutritional support

Contraindications

Absolute (1) Extrahepatic malignancies not amenable to curative therapy; (2) Multiorgan disease for which transplant would not be considered life-
sustaining; (3) Uncontrolled systemic or pulmonary infection, active exacerbation, or veno-arterial extracorporeal membrane oxygenation;
and (4) Severe porto-pulmonary hypertension nonresponsive to medical management

Relative (1) Hepatocellular carcinoma; (2) Noncompliance or psychosocial concerns unamenable to transplant; (3) Uncontrollable CF-related

diabetes; (4) Substance abuse; (5) Severe cardiopulmonary disease; and (6) Infection/ colonization with multi-resistant organism (e.g.,
Burkholderia cenocepacia and Mycobacterium abscessus)

FEV1: Forced expiratory volume in one second; FVC: Forced vital capacity.

Table 6 Liver transplantation in cystic fibrosis liver disease - data from few published series

Number of Mean age at isolated . .
L Type of . . Lung function after Liver 5-year
Ref. Type pediatric Males liver transplantation . .
. transplants transplantation survival
recipients (yr)
Milkiewicz et Single center 9 Liver; Liver- Not 15 Improved Not
al[45], 2002 lung -heart available available
Fridell et al Single center 12 Liver 83% 10+45 Improved or remained 75%
[21], 2003 unchanged
Molmenti et al ~ Single center 10 Liver 90% 9.7 (1.23-19) Not available 60%
[47], 2003
Mendizabal et Analysis of United 148 Liver; Liver- 62% 11+4.7 Not available 86%
al[44], 2011 Network for Organ lung (3.4%)
Sharing database
Miguel et al Single center 11 Liver 67% 12 (5.4-17) Worsened or remained > 85%
[48], 2011 unchanged
Dowmanetal  Single center 19 Liver Not 11.8 (9.5-16.5) Stable/improved initially, > 60%
[49], 2012 available deteriorated > 5 years after
transplant
Our pre and post-LT protocol for prevention and treatment of DIOS is given in
Table 7. High risk patients should be counselled for loop ileostomy formation at
transplant assessment.
CFTR modulators
CFTR modulator drugs enhance or even restore the expression, function, and stability
of a defective CFTR by different mechanisms[14,51] (Table 8). These treatments target
the underlying cause of CF and is classified into five main groups depending on their
effects on CFTR mutations[14,51] (Table 8). Different CFTR genetic variants can benefit
from the same type of modulator and this is the base of a new system recently
introduced to classify and group common and rare CFTR variants based on their
response to modulators called ‘theratyping’.

The first United States Food and Drug Administration (FDA) approved drug was
ivacaftor (Kalydeco, Vertex Pharmaceuticals)[14,51]. Other FDA approved CF
modulators combinations are lumacaftor/ivacaftor (Orkambi® Vertex Pharma-
ceuticals), tezacaftor/ivacaftor (Symdeko® or Symkevi®, Vertex Pharmaceuticals) for
patients aged > 12 years who are F508del-homozygous or F508del-heterozygous with a
residual function mutation[14,20]. Lumacaftor/ivacaftor has been approved for
F508del homozygous patients aged > 2 years[14]. The triple combination elexacaftor/
ivacaftor/tezacaftor (Trikafta™, Vertex Pharmaceuticals) has been by the FDA for the
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Table 7 Pre and post-transplant protocol for prevention and treatment of distal intestinal obstructive syndrome

Pre and post-transplant protocol

Low risk (1) 600 mg N-acetyl-cysteine in 120 mL water orally/nasogastric tube twice/day. Senna twice daily; (2) 2 liters of Klean prep per day post-
transplant; (3) Consider early nasogastric tube in patients with delayed gastric emptying studies pre-operatively; (4) All patients in intensive
care unit should only receive only elemental feed via nasogastric tube as this does not require pancreatic enzyme replacement. Once
transferred to ward, can be restarted on regular feeding and pancreatic enzyme supplements; (5) Try and reduce opiates early during
hospital stay; and (6) Treat all patients with proton pump inhibitors.

High risk (1) As per low risk management; and (2) High risk of developing DIOS and subsequent surgical gut decompression is associated with a high
mortality. So these patients should receive a prophylactic loop ileostomy.

Treatment (1) Stop feeding, nasogastric tube on free drainage and intravenous fluids; (2) 100 mL gastrografin in 400 mL water enterally and repeat

of DIOS after 6 h; (3) Subsequent management is with Klean prep in 1 L water over 1 h via oral/nasogastric tube and can be repeated up to 4 times
every 24 h until bowel movement is achieved; and (4) If no improvement after 48 h, then it is unlikely to resolve without surgery to
decompress the gut and also consider total parenteral nutrition.

DIOS: Distal intestinal obstructive syndrome.

Table 8 Cystic fibrosis transmembrane conductance regulator modulators

Mutation class

Type of . . A . Clinical effects/present status
yP Mechanism of action in which drugis Example P
modulator . of modulator
effective
Potentiators ~ Restore or even enhance the channel open probability, ~ Classes Illand IV Ivacaftor Improvement in lung function,
thus allowing for CFTR-dependent anion conductance pancreatic function and body mass
index
Correctors Rescue folding, processing and trafficking to the Class IT Lumacaftor; Significant improvement in lung
plasma membrane of a CFTR mutant. Enhance protein Tezacaftor; function when used with Ivacaftor
conformational stability during the endoplasmic Posenacaftor;
reticulum folding process Elexacaftor
Stabilizers Anchor CFIR at the plasma membrane, thus Class VI Cavosonstat First CFTR stabilizer studied in
preventing its removal and degradation by lysosomes clinical trials- studies terminated
because of lack of clinical efficacy
Read-through Induce ribosomal over-reading of premature Class I Ataluren (PTC124) Clinical trials terminated
agents termination codon, enabling the incorporation of a
foreign amino acid in place and continued translation
to the normal end of the transcript
Amplifiers Increase expression of CFTR mRNA and thus Class V Nesolicaftor (PTI-428) Clinical trial planned

biosynthesis of the CFTR protein

CFTR: Cystic fibrosis transmembrane conductance regulator; mRNA: Messenger RNA.

treatment of CF patients aged = 12 years with F508del mutation in at least one allele,
benefiting 90% of CF population[14,51].

CF MODULATORS AND LIVER

Abnormal elevation aminotransaminases (> 8 times upper limit of normal, more
commonly in pediatric patients) and bilirubin (> 3 times upper limit of normal) has
been reported 3%-15% of patients on CFTR modulators[52-54]. Lumacaftor/ivacaftor
was shown to have less hepatic steatosis as assessed by MR imaging proton density fat
fraction in a small cohort[55]. In a study[56] of 117 patients with CFTR gating
mutations (partially F508 del heterozygous) treatment with Ivacaftor partially restored
disrupted FGF19-regulated bile acid homeostasis. Worsening of liver function and
liver failure leading to death has been reported in CF patients with pre-existing
cirrhosis and portal hypertension receiving lumacaftor/ivacaftor.

Recommendations for dose adjustment are based on Child Pugh classification: no
dose adjustment for Child-Pugh Class A but dose reduction is recommended for
Child-Pugh Class B and C. This is applicable to adults and no specific recommend-
ations exist in the literature for children with CFLD. Lumacaftor/ivacaftor should be
used with caution in patients with advanced liver disease and only if the benefits are
expected to outweigh the risks.

Guiewidege WJH | https://www.wijgnet.com 1738 November 27,2021 | Volume13 | Issuell |



Jaishideng®

Valamparampil JJ et al. Cystic fibrosis liver disease in children

Because an association with liver injury cannot be excluded, assessments of liver
function tests (ALT, AST and bilirubin) are recommended before initiation, a month
after starting the treatment and every 3 mo during the first year of treatment, and
annually thereafter. For patients with a history of ALT, AST, or bilirubin elevations,
more frequent monitoring should be considered in collaboration with a pediatric
hepatology centre. In the event of significant elevation of ALT or AST, with or without
elevated bilirubin [either ALT or AST > 5x the upper limit of normal (ULN), or ALT or
AST > 3x ULN with bilirubin > 2x ULN and/or clinical jaundice], dosing with CFTR
modulators should be discontinued and closely followed up until the abnormalities
resolve. A thorough investigation of potential causes should be conducted and
patients should be followed closely for clinical progression. Following resolution of
transaminase elevations, the benefits and risks of resuming CFTR modulators should
be considered.

Metabolism of CFTR inhibitors is by the CYP450 enzyme pathway. Hence
concomitant use of lumacaftor/ivacaftor with these immunosuppressants is not
recommended at present as they may reduce efficacy of immunosuppressants by
induction of the CYP3A pathway. Given the fact that respiratory function may
eventually worsen after LT, CFTR modulators might need to be initiated post-
transplant due to significant beneficial effects on lung function, nutritional status and
decreased pulmonary exacerbations[43].

CONCLUSION

CFLD is the most important non-pulmonary cause of death in CF. CFLD is has a wide
spectrum from asymptomatic elevation of liver enzymes to severe disease with portal
hypertension and cirrhosis with synthetic failure. The degree of liver involvement and
the rate of progression of liver disease varies significantly among individuals. There
are no specific clinical features or tests for prediction or early detection of CFLD, so
regular screening is essential for CF patients. Currently, there is no medical therapy to
prevent or treat or CFLD. With the advent of CFTR modulators, improvement in
medical management has resulted in significantly improved life expectancy in patients
with CF and this will have implications in the management of CFLD in future. The
long term effects of CFTR modulators on CFLD and liver function is not known, but
will hopefully have a beneficial effect. LT is indicated in patients with CFLD with
severe portal hypertension or impaired synthetic function of liver either alone or in
combination with lung transplantation.
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