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ABSTRACT

Rare genetic liver diseases can result in multi-systemic damage, which may compromise the
patient's prognosis. Wilson's disease, must be investigated in any patient with unexplained
liver disease and/or unexplained neurological or neuropsychiatric disorders. The diagnosis is

based on a combination of clinical, biological features, including copper balance. The
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exchangeable copper/total copper ratio is a new sensible and specific biological marker,
useful for the diagnosis of the disease. Timely diagnosis and treatment will prevent serious
complications from the disease. Neurological evaluation and familial screening are essential
in patients with Wilson's disease.

Screening for alpha-1 antitrypsin deficiency is recommended in patients with chronic
obstructive pulmonary disease or chronic liver disease. The screening is based on the
demonstration of a decrease in serum alpha-1 antitrypsin concentration and phenotyping can
be performed by isoelectric focusing gel electrophoresis. In the event of pulmonary
involvement, it is recommended to investigate signs of chronic liver disease.

Cystic fibrosis screening of new-borns is now implemented in most high-prevalence
countries. Neonatal screening programmes, with blood sampie taken shortly after birth by
heel prick-testing for immunoreactive trypsin, reduce the severity of the disease, prevent
delayed diagnosis and improve prognosis. After diagnostic or during patient follow-up with
cystic fibrosis, a liver assessment is recomimended to look in particular for portal
hypertension.

In its various diseases, the liver bhiopsy is not systematic and is discussed when it helps
diagnosis. Currently, for these three diseases, non-invasive fibrosis markers could identify
patients with risk of cirrhosis and complications. Molecular analysis gene for these diseases
is long and tedious but is recommended to confirm the diagnosis and help for the family

screening.

HIGHLIGHTS

- Diagnosis of Wilson's disease is based on a combination of clinical and biological
features

- Exchangeable copper/total copper ratio is a new specific biological marker of Wilson's

disease
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- Screening for alpha-1 antitrypsin deficiency is based on the serum testing

- Phenotyping of alpha-1 antitrypsin deficiency is performed by isoelectric gel
electrophoresis

- Inrare genetic liver diseases, molecular analysis gene is recommended to confirm the
diagnosis

- Non-invasive fibrosis markers could identify patients with risk of cirrhosis and

complications

WILSON'S DISEASE

Wilson's disease is an autosomal recessive genetic disorder that causes the accumulation of
copper in the tissues of several organs, including the liver, brain and cornea (1,2). It is
estimated that between 1000 and 1500 subjects have Wilson's disease in France. The
Wilson gene, located on chromosome 13, encodes an intracellular copper transporter
protein, ATP7B. This protein allows the cellular excretion of excess copper. The functional
deficiency of ATP7B in Wilson's disease leads to a defect in the elimination of copper in the
bile, causing its accumulation in the liver and its subsequent release in free form into the
bloodstream. Thus, Wilson's disease is initially a liver disorder. Left undiagnosed, it
progresses to a systemic condition with copper accumulation in other organs, including the

brain and eye.

QUESTION 1

UNDER WHAT CIRCUMSTANCES IS IT RECOMMENDED TO INVESTIGATE FOR
WILSON'S DISEASE?

1. Wilson's disease must be investigated in any patient with unexplained liver

disease and/or unexplained neurological or neuropsychiatric disorders (B1)
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2. The diagnosis must not be ruled out on age alone (B1)

STRONG AGREEMENT

The signs of the disease are highly polymorphic and manifest in the majority of cases in
children or young adults. Patients with an initial presentation of neurological or psychiatric
symptoms are most often slightly older than patients with a hepatic presentation of the
disease. Neurological damage is commonly already associated with liver damage, the
symptoms of which usually go unnoticed.

The diagnosis is based on a range of clinical, biological, radiological (brain MRI) and even
histological features. Molecular biology makes it possible to confirm the diagnosis in more
than 90% of cases. The treatment combines patient diet, copper chelators or zinc salts. Liver
transplantation is the treatment for fulminant hepatitis-related forms and decompensated
cirrhosis, and it is also considered for the treatment of very severe neurological forms. This
rare genetic disease has a good prognosis if treatment is initiated early and continued

throughout life.

QUESTION 2

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE DIAGNOSIS OF

WILSON'S DISEASE?

Diagnosis is based on a combination of clinical and biological features:

o Decreased ceruloplasmin and increased urinary excretion of copper over 24 hours
(B1)

o The REC (Relative Exchangeable Copper = exchangeable copper/total copper) is
currently the most sensitive and specific biochemical test for the diagnosis of
Wilson's disease. A threshold above or equal to 18% is strongly in favour of

Wilson's disease (B1)
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e Investigation for a Kayser-Fleischer ring by slit lamp examination must be
performed by an experienced operator. Its absence does not exclude diagnosis
(B1)

¢ MRIimaging of the brain with expert neurologist advice is recommended (B1)

e Molecular analysis by complete sequencing of the ATP7B gene is recommended to
confirm the diagnosis following advice from an expert reference centre (B1)

STRONG AGREEMENT

The clinical diagnosis of Wilson's disease is not based on a single element but on a
combination of features with a set of symptoms, most often non-specific and affecting several
organs; hence the potential confusion with other diseases. Classically in Wilson's disease,
routine monitoring shows low blood copper levels, ceruloplasmin deficiency and high urine
copper levels. The diagnosis can easily be made in young people with neurological disorders
or cirrhosis, associated with a Kayser-Fleischer ring and low ceruloplasmin levels. The
absence of a Kayser-Fleischer ring does not rule out the diagnosis, but it is almost always
present in neurological forms.

The disease is caused by abnormalities in the gene encoding ATP7B. Currently, more than
500 mutations have been identified as well as some deletions in the gene. Analysis of the
mutations by complete gene sequencing is currently possible.

BLOOD AND URINE COPPER ASSESSMENT (DIAGNOSIS AND FOLLOW-UP)

The first-line examinations for copper level assessment are non-invasive and can be
routinely performed. Ceruloplasmin levels are usually low or even deficient. The
guantification of this serum protein is based on nephelometric techniques and a
concentration of less than 0.2 g/l is generally observed during the course of the disease
(normal level 0.2-0.5 g/l). In adult patients, ceruloplasmin is lowered in about 95% of
homozygous patients and in 20% of heterozygous patients (3). Ceruloplasmin is within its
normal range among 15-36% of paediatric cases (4). According to some studies, up to 50%

of people with decompensated liver disease have normal ceruloplasmin concentrations (5).
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Urinary copper is an important diagnostic parameter that is almost always higher than 100
Mg/24 h (1.6 pmol/24 h). This assay is also of great interest for monitoring treatment efficacy
and compliance. However, interpretation of the urine copper assay can be difficult in other
liver diseases, especially in severe disease. Urinary copper excretion can be moderately
increased in heterozygous patients.

Urinary excretion of copper after administration of D-penicillamine was put forward as a
diagnostic test (6,7). This test is still offered to children. After an initial oral administration of
500 mg D-penicillamine, 12 hours later a 24-hour urine sample is collected. Evidence of
urinary copper excretion above 25 pmol/24 h (1600 pg/24 h) is considered in favour of
Wilson's disease. D-penicillamine administration methods and cut-off values vary among
studies. This test does not exclude diagnosis in asymptomatic siblings. In adults with the
disease, the predictive values and utility of this test are still poorly defined (8). Therefore, this
test is not currently recommended for use in adults.

EXCHANGEABLE COPPER

RELATIVE EXCHANGEABLE COPPER FOR DIAGNOSTIC PURPOSES

In view of the invasive nature of percutaneous liver biopsy and the often long delays for
genetic analyses, being able to perform rapid diagnosis by non-invasive methods remains
attractive. It is in this context that the exchangeable copper assay was developed.
Exchangeable copper is a good indication of circulating and toxic copper. After incubation
with a chelating agent (EDTA), the serum is membrane ultra-filtrated (for the elimination of
the main copper vector proteins), then centrifuged, releasing the exchangeable copper
(eliminating ceruloplasmin-bound copper) (9). Exchangeable copper is stable for 24 hours at
room temperature and up to 14 days when frozen. A new marker has been identified; REC
(relative exchangeable copper) = exchangeable copper/total copper. In a study of 16 patients
with the disease, a REC above 18.5% was demonstrated to be a good marker for the
diagnosis of Wilson's disease, with a sensitivity and specificity close to 100% (10). Thus, the
REC assay is a non-invasive test with results that can be obtained within just a few days and

it can be very useful for the diagnosis of index patients (10,11). A study evaluating REC in
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127 asymptomatic relatives with Wilson's disease compared the results with other standard
tests (serum copper, ceruloplasmin, urinary copper excretion and molecular analysis). Using
a threshold of 15%, REC determination made it possible to significantly differentiate between
non-diseased subjects and patients with the disease (11).

EXCHANGEABLE COPPER IN DISEASE SEVERITY ASSESSMENT

In a study of 48 patients with recent diagnosis of Wilson's disease, exchangeable copper
values were found to be significantly higher in patients with ocular and/or brain damage. In
addition, exchangeable copper at diagnosis was positively correlated with a score assessing
neurological symptoms and disability, the severity of corneal copper deposition and MRI
brain lesions (10,12). Thus, exchangeable copper can indicate the severity of extra-hepatic
damage. However, in fundamental liver disease, exchangeable copper does not illustrate the
ability to be used as a marker for liver damage severity.

BRAIN MRI

Brain MRI (T1, T2 and FLAIR sequences) is an important tool in the diagnosis of the disease,
even if the abnormalities detected are not specific. Patients with neurological symptoms in
particular, but also some patients who are asymptomatic or have a hepatic form of the
disease, may have signal abnormalities within the brain parenchyma. The damage mainly
involves the grey matter. The damage affects the grey matter nuclei, dentate nuclei and the
dark matter, and is usually symmetrical. The "face of giant panda" appearance has been
described for mesencephalic involvement. Lesions most often demonstrate varying degrees
of T1 hyposignal and a generally clear T2 hypersignal. Diffuse cerebral atrophy is common

(17,18).

QUESTION 3

WHAT ARE THE RECOMMENDED NON-INVASIVE METHODS FOR THE FAMILY
SCREENING FOR WILSON'S DISEASE?

1. When a case of Wilson's disease is found in a family, screening is

recommended for siblings of the index case from the age of 3 years (B1)
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2. It is recommended to extend screening to the parents of the index case (D2)
3. Family screening for Wilson's disease must involve:
e Copper assessment: ceruloplasmin, 24-hour blood and urine copper
levels (B1)
e Relative Exchangeable Copper (REC) testing (B1)
e Molecular analysis of the ATP7B gene (B1)

STRONG AGREEMENT

The REC (Relative Exchangeable Copper) assay is a test that can be very useful for
screening related subjects. Specific screening for known mutations or haplotype analysis
must be the main mode of screening for first-degree relatives of patients with the disease.
For example, molecular analysis of the ATP7B gene takes a long time and is tedious, taking
possibly several weeks to several months. However, thanks to advanced molecular biology

techniques, only 6% of cases remain unconfirmed in the most recent diagnosed families.

QUESTION 4

WHAT ARE THE RECOMMENDED NON-INVASIVE METHODS FOR FOLLOW-UP OF

PATIENTS WITH WILSON'S DISEASE?

1. For specific routine monitoring of treatment with copper chelators, liver function
tests, exchangeable copper and copper urine tests must be regularly performed,
twice a year in awell-balanced patient (B2)

2. In cirrhosis, screening for portal hypertension and hepatocellular carcinoma is
required (Al)

3. Remote patient monitoring is recommended in patients with Kayser-Fleischer rings
and/or brain MRI lesions (B2)

4. Measurement of liver stiffness could help identify patients with cirrhosis and
monitor the progression of the disease (C2)

STRONG AGREEMENT
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Urinary copper is of great interest for monitoring efficacy and compliance with treatment with
copper chelators.

Ultrasound, as for other chronic liver diseases, is useful in the diagnosis of cirrhosis. The
existence of hepatic morphological abnormalities and signs of portal hypertension are
grounds for suspecting cirrhosis. Semi-annual abdominal ultrasound is also useful for
detecting hepatocellular carcinoma in cirrhotic patients. CT and MRI scans then allow the
characterisation of certain abnormalities observed on ultrasound and/or suspicious nodules.
Given copper does not harbour magnetic properties like iron, guantification of copper by MRI
cannot be performed.

Given the opportunity to diagnose Wilson's disease by non-invasive methods (numerous
features, relative exchangeable copper, molecular genetics), liver biopsy has become less
critical in the diagnosis of the disease. Moreover, there is often reluctance to perform this
biopsy in a context of often very young patients or abnormal liver movements. However, it is
still useful to estimate fibrosis level at the time of diagnosis and during treatment follow-up to
improve follow-up adaptation (screening for nodules in cirrhotic patients, features favouring
portal hypertension).

Therefore, similarly to other liver diseases and in particular viral-related liver diseases, non-
invasive diagnostic markers for liver fibrosis are increasingly being used in routine practice in
patients with Wilson's disease. Although today there are some preliminary results, there is
little data correlating liver stiffness values and fibrosis scores to Wilson's disease in large
cohorts. One study demonstrated that 35 patients under treatment had a liver stiffness
measurement that correlated with liver biopsy results. The liver stiffness measurement limit
for the diagnosis of significant fibrosis was 6.6 kPa, with a sensitivity of 66.7%, specificity of
81.2%, positive predictive value of 67%, negative predictive value of 82% and diagnostic
performance of 79.9% (AUROC 0.799). The best liver stiffness threshold for the diagnosis of
severe fibrosis was 8.4 kPa, with a sensitivity of 89.5%, a specificity of 88.9%, a positive

predictive value of 94%, a negative predictive value of 80% and a diagnostic performance of
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90.6% (AUROC 0.906) (13). In addition, preliminary data among children has shown that
liver stiffness is high at diagnosis and decreases during specific treatment (14-16).

The brain lesions observed on MRI may be reversible under copper chelation therapy (19).
Thus, to monitor treatment effectiveness, it is advisable to repeat brain MRI scan at one year

from treatment initiation and then later depending on the clinical course.

QUESTION 5

IN WHAT SITUATIONS IS LIVER BIOPSY REQUIRED FOR THE DIAGNOSIS OR

FOLLOW-UP OF WILSON'S DISEASE?

1. Liver biopsy must be performed if there is diagnostic doubt. Liver copper
quantification must be carried out at the time of the liver biopsy (B1)

2. Liver biopsy with hepatic copper guantification must be considered by an
expert reference centre for asymptomatic patients with isolated mutations in
favour of the disease (D2)

3. Liver biopsy can also be performed in patients with comorbidities or other
related liver diseases (C2)

STRONG AGREEMENT

In patients with an early "liver" presentation of the disease, diagnosis can sometimes be
difficult. In such cases or in case of diagnostic doubt, a liver biopsy with a high intra-hepatic
copper level can confirm the diagnhosis. An aspect of chronic hepatitis is often observed,
involving cirrhosis in approximately 50% of cases.

Liver biopsy may provide additional information. Early steatosis, nuclear glycogen inclusions
and focal hepatocellular necrosis can be seen. Rhodamine labelling can be increased but its
expression remains heterogeneous and highly variable (especially in the early stages of the
disease). Positive rhodamine staining can be observed in severe chronic cholestasis.

X-ray fluorescence allows the quantitative analysis of several tissue elements. Copper level

determination, as well as the levels of other metals including iron, has been shown possible
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within just a few minutes from percutaneous needle biopsies that have been fixed with
formalin and embedded in paraffin. It has thus been shown possible to significantly
differentiate patients with Wilson's disease from other chronic liver diseases with a specificity
of 97.6% and a sensitivity of 100% (20). This rapid and versatile method carried out on
paraffin-fixed biopsies could easily be implemented in a clinical setting.

ALPHA-1 ANTITRYPSIN DEFICIENCY

Alpha-1 antitrypsin deficiency is a genetic disease that mainly presents lung impairment with
emphysema and fibrotic liver disease. Alpha-1 antitrypsin deficiency is characterised by the
deficiency of an important protease inhibitor, alpha-1 antitrypsin (21). The disease is often
under-diagnosed or misdiagnosed as asthma, chronic obstructive pulmonary disease or
"cryptogenic" liver disease.

Prevalence in the general Western European population is approximately 1/2500 and it is
highly dependent on the number of Scandinavian descendants in the population (22). Alpha-
1 antitrypsin deficiency is due to mutations in the SERPINAL1 gene (14g32.1) coding for

alpha-1 antitrypsin. Its transmission is autosomal recessive.

QUESTION 6

UNDER WHAT CIRCUMSTANCES IS IT RECOMMENDED TO INVESTIGATE ALPHA-1

ANTITRYPSIN DEFICIENCY?

1. Screening for alpha-1 antitrypsin deficiency is recommended in patients with
chronic obstructive pulmonary disease or chronic liver disease (B1)

STRONG AGREEMENT

Clinical manifestations can widely vary among patients; some patients may be asymptomatic
and others may have severe liver or lung disease.

The ZZ and SZ phenotypes are risk factors for the development of respiratory symptoms
(dyspnea, coughing), the early onset of emphysema and the development of obstructive lung

disease in early adulthood. Environmental factors, such as smoking and exposure to dust,
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are additional risk factors and have been linked to accelerated disease progression. There
are several alleles that may be deficient. In Northern Europe, the most common deficiency
alleles are PI*Z and PI*S. The majority of patients with severe alpha-1 antitrypsin deficiency
are homozygous for the Z allele (PI*ZZ). The ZZ phenotype in patients with alpha-1
antitrypsin deficiency can also lead to the development of subacute liver failure or chronic
liver disease in childhood or adulthood: characteristic signs are persistent jaundice
associated with increased conjugated bilirubin after birth and liver enzyme abnormalities.
Cirrhosis can arise around the age of 50 years after a long asymptomatic period. In very rare

cases, necrotising panniculitis and secondary vasculitis can occur.

QUESTION 7

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE DIAGNOSIS OF

ALPHA-1 ANTITRYPSIN DEFICIENCY?

1. Screening for alpha-1 antitrypsin deficiency is based on the demonstration of a
decrease in serum alpha-1 antitrypsin concentration (Al)

2. In alpha-1 antitrypsin deficiency, phenotyping can be performed by isoelectric
focusing gel electrophoresis in order to identify normal alleles (M), the most
frequent variants (S or Z) as well as rarer variants (Mmalton) (B1)

3. When in doubt, targeted genotyping for the most frequent mutations (S and Z)
can confirm the diagnosis but must be interpreted in relation to the serum
alpha-1 antitrypsin concentration (B2)

4, Complete sequencing of the SERPINA-1 gene may be necessary to identify the
cause of an unexplained deficiency (B2)

STRONG AGREEMENT

Diagnosis can be made by the detection of decreased serum alpha-1 antitrypsin levels (23).
In alpha-1 antitrypsin deficiency, phenotyping by isoelectric focusing gel electrophoresis is

performed. Differential diagnosis must rule out other causes of chronic liver disease. The



Journal Pre-proof

majority of patients with severe alpha-1 antitrypsin deficiency are homozygous for the Z allele
(P1*2Z). This technique, which is commercially available, makes it possible to identify the
most common variants (24). The normal PiM allele is characterised by medium-speed
electrophoretic mobility, the PiS-deficient allele is slower and the PiZ allele is very slow.
Certain medical conditions, such as inflammation, may cause the plasma baseline alpha-1
antitrypsin concentration to vary and it increases in response to inflammatory stimuli. This
could distort the alpha-1 antitrypsin assay results obtained and particularly conceal the
detection of subjects with intermediate deficiency (subjects with a heterozygous mutated
allele).

Despite the establishment of this technique as a reference method for the exploration of
alpha-1 antitrypsin, complementary means of analysis provided by molecular biology
techniques are being increasingly used in the diagnosis of alpha-1 antitrypsin deficiency. The
first molecular approach is investigation of the two deficient alleles, PiS and PizZ, which are
most commonly reported (23). However, deficient cases lacking mutations in the exons
coding for alpha-1 antitrypsin have been reported. In these exceptional and unexplained
cases, analysis of polymorphisms in the alpha-1 antitrypsin gene (non-coding exons, introns,
3' and 5' regions) and/or other serpin genes in close proximity could elucidate the cause of

the deficiency.

QUESTION 8

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE ASSESSMENT OF

THE SEVERITY OF ALPHA-1 ANTITRYPSIN DEFICIENCY?

1. It is recommended to investigate signs of chronic liver disease in order to
assess liver disease severity: liver function tests, morphological evaluation by
abdominal ultrasound and/or cross-sectional imaging (B2)

2. Measurement of liver stiffness can identify patients with cirrhosis (C2)

3. Expert advice is recommended for the assessment of extra-hepatic disease

severity (Al)
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STRONG AGREEMENT

Diagnostic tests are non-invasive and currently include determination of blood alpha-1
antitrypsin concentration, phenotyping by isoelectric focusing gel electrophoresis and
genotyping. However, given the silent nature of liver disease, particularly in the early stages,
the use of non-invasive methods for the diagnosis of liver fibrosis is increasingly developing
in routine practice as it is for diagnosis of other chronic liver diseases.

Abdominal ultrasound, as for other chronic liver diseases, is useful in the diagnosis of
cirrhosis. The existence of hepatic morphological abnormalities and signs of portal
hypertension indicate the suspicion of cirrhosis. Semi-annual abdominal ultrasound is also
useful for the detection of hepatocellular carcinoma in cirrhotic patients. CT and MRI scans
can then be used to characterise certain abnormalities observed on ultrasound and/or
suspicious nodules.

Percutaneous liver biopsy is the reference method for the quantification of liver fibrosis.
However, given its invasive nature (pain, risk of complications) and diagnostic limitations,
percutaneous liver biopsy is not adequate for the screening or follow-up of asymptomatic
patients.

There is limited data on non-invasive methods for the assessment of liver fibrosis in patients
with alpha-1 antitrypsin deficiency. A pilot study involving 33 patients has suggested that
measurement of liver stiffness by MRI could be an accurate means of estimating liver fibrosis
in patients with alpha-1 antitrypsin deficiency (26). The MRI measurement of liver stiffness
had an AUROC of 0.90 (p < 0.0001). The threshold value of 3.0 kPa had an accuracy of
89%, with a sensitivity of 80% and specificity of 100% for detecting stage 1 fibrosis according
to the Ishak classification. In another study of 15 patients with alpha-1 antitrypsin deficiency
with no clinical hepatic manifestations, different non-invasive methods for diagnosing liver
fibrosis were evaluated: measurement of liver stiffness by MRI, by pSWE and by 2D-SWE
(27). It was shown that these different liver stiffness measurement methods enabled the early

and consistent identification of patients with liver fibrosis compared to healthy subjects (27).
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QUESTION 9

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE FOLLOW-UP OF

PATIENTS WITH ALPHA-1 ANTITRYPSIN DEFICIENCY?

1. Liver damage monitoring is recommended at least once a year (B2)

2. Screening for hepatocellular carcinoma must be performed semi-annually in
cirrhotic patients (Al)

3. The methods used and monitoring regularity remain uncharacterised for
patients lacking evidence of liver damage during severe alpha-1 antitrypsin
(Pizz) deficiency. However, they must take into account the presence or
absence of liver disease co-factors (metabolic syndrome, excessive alcohol
consumption...) (C2)

STRONG AGREEMENT

QUESTION 10

WHAT ARE THE RECOMMENDED NON-INVASIVE METHODS FOR FAMILY

SCREENING FOR ALPHA-1 ANTITRYPSIN DEFICIENCY?

1. Family screening must include serum testing and targeted phenotyping or
genotyping (B1)

2. It is recommended to screen first-degree parents of the index case (B1)

STRONG AGREEMENT

QUESTION 11
IN WHAT SITUATIONS IS LIVER BIOPSY NECESSARY FOR THE DIAGNOSIS OR
FOLLOW-UP OF ALPHA-1 ANTITRYPSIN DEFICIENCY?
1. Liver biopsy must be considered:
e During the pre-lung transplant assessment when there is any suspected
advanced liver disease (C2)

e In patients with comorbidities or other related chronic liver disease (C2)
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STRONG AGREEMENT

Liver biopsy reveals PAS-positive cytoplasmic inclusions, particularly in the periportal region,
corresponding to the accumulation of alpha-1 antitrypsin. Percutaneous liver biopsy is used
to assess the extent of fibrosis and to determine the presence or not of cirrhosis (25). Other
damage can be associated with varying degrees; this is particularly the case for biliary
obstructions.

CYSTIC FIBROSIS

Cystic fibrosis is the most common genetic disorder among children in populations of
European origin. Its transmission is autosomal recessive and there are 5,000—6,000 patients
in France, half of whom are adults. There are approximately 200 new patients born with this
disorder each year (28).

The genetic abnormality is located on chromosome 7, in the region that codes for the
synthesis of the CFTR (Cystic Fibrosis Transmembrane Conductance Regulator) protein.
CFTR is composed of 1480 amino acids and it regulates the transport of sodium and chlorine
ions across the epithelial cell apical membrane. Nearly 2000 mutations have been described
since the discovery of the gene, the most frequent of which concerns the elimination of an
amino acid (phenylalanine) located at position 508 on the CFTR protein (delta F508
mutation). This mutation is found in 70—75% of patients.

Dysfunction of the CFTR gene results in defective mucus secretion, particularly at the
bronchopulmonary and digestive levels. The clinical expression of the disorder is very
heterogeneous from one patient to another. This heterogeneity is not only due to the high
number of mutations; genes other than the CFTR gene, known as modifiers, can also
influence the clinical expression of the disorder.

Pulmonary damage manifests from the first months of life due to inflammation and
obstruction of the bronchial tubes, favouring bronchopulmonary superinfections, in particular
by Staphylococcus aureus and Pseudomonas aeruginosa. Colonisation by pyocyanin affects

approximately 50% of patients, more than 80% of these being adults. This represents a
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turning point in the prognosis of cystic fibrosis, with the risk of the development of chronic
respiratory failure.

Exocrine pancreatic insufficiency is present from birth in 70—-80% of patients. CFTR protein
dysfunction results in hyperviscose pancreatic secretions, which obstruct the pancreatic
ducts and contribute to the secondary destruction of acini. Insufficient external lipase
secretion leads to maldigestion and malabsorption syndrome which has a deleterious effect
on nutritional status and is responsible for vitamin deficiencies.

Abnormal CFTR protein expression in bile epithelial cells can cause obstruction of the bile
ducts. These lesions, initially focal (focal biliary cirrhosis), progress to multilobular biliary
cirrhosis. Liver damage incidence varies according to the extent of the abnormalities.
Although histologic abnormalities are present in the autopsies of patients who have died from
other complications, biliary cirrhosis with or without portal hypertension is present in only
about 10% of patients (29).

The prognosis of cystic fibrosis, which depends above all on respiratory impairment, has
considerably improved thanks to its earlier diagnosis been made possible by neonatal
screening (widespread in France) and the setting up of multidisciplinary teams in specialised
care centres. Cystic fibrosis has long been a disease considered exclusive to children. The
median survival rate did not exceed 5 years 60 years ago, but now almost all children
currently followed in specialised paediatric centres will become adults, with a life expectancy
of around 45 years.

Cystic fibrosis screening of new-borns is now implemented in most high-prevalence countries
(28). Neonatal screening programmes reduce the severity of the disease, prevent delayed
diagnosis and improve prognosis. A blood sample is taken shortly after birth by heel prick-
testing for immunoreactive trypsin (IRT) quantification, corresponding to a group of molecules
related to a pancreatic enzyme demonstrating increased blood levels in subjects with cystic
fibrosis. This assay carried out on dried blood provides information on the risk of cystic

fibrosis and thus consequent diagnostic investigations. The increase in IRT is not specific for
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cystic fibrosis because temporary duct obstruction can also lead to an increase in IRT in the
blood.

A sweat test must be performed afterwards as a final diagnostic test. After stimulation of
sweating, sweat is collected and the chloride concentration is measured. The test is
considered normal when this level is below 40 mmol/l (30 mmol/l in infants). The diagnosis is
positive if two measures are above or equal to 60 mmol/l. When the level is between 40 (30
in infants) and 60 mmol/l, interpretation is debatable and the diagnosis of cystic fibrosis
cannot be excluded. It is then necessary to repeat the tests and use other clinical and/or
paraclinical features, such as nasal potential difference. lon transport through the respiratory
epithelium generates a transepithelial potential difference which can be measured in vivo,
especially in the nasal mucosa (30,31).

Screening can also be improved by additionally performing the pancreatitis-associated
protein (PAP) assay to the IRT assay. PAP is a protein synthesised in large quantities by the
pancreas under stress. This can be carried as soon as from the in utero life of children with
cystic fibrosis (32,33).

Investigation into the most frequent mutations in the CFTR gene using molecular biology
techniques can be used to confirm or exclude the diagnosis of cystic fibrosis. Most CFTR
gene mutations are missense alterations, but frameshifts, splice mutations, nonsense,
deletions and insertions have also been described. Approximately 15% of the identified
genetic variants are not associated with the disease. CFTR mutations can be divided into

different classes according to their effects on protein function (28).

QUESTION 12

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE ASSESSMENT OF
LIVER DAMAGE IN PATIENTS WITH CYSTIC FIBROSIS?

2. Liver damage assessment is recommended by carrying out liver function tests

and abdominal ultrasound (B2)
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3. The absence of liver damage is confirmed by the normality of the tests repeated
annually: clinical examination, abdominal ultrasound (with the exception of
steatosis), ALT and GGT (composite set of criteria) (B2)

4, Different diagnostic markers for liver fibrosis (APRI, FIB-4, Fibrotest®, liver
stiffness) could be used for the identification of patients with cirrhosis (C2)

STRONG AGREEMENT

Diagnosis of liver damage is usually made on a composite set of criteria combining repeated
liver function test abnormalities and abdominal ultrasound abnormalities, apart from steatosis
(and in the absence of other causes in patients with cystic fibrosis: sepsis, undernutrition,
right heart failure). Liver damage is a diffuse impairment of the liver parenchyma, with non-
dilated intra-hepatic bile ducts, that can progress to significant macronodular cirrhosis
(described as focal biliary cirrhosis and then multilobular biliary cirrhosis).

The value of non-invasive markers for the diagnosis of liver damage has not yet been
demonstrated. However, non-invasive markers could be useful in detecting or assessing the
severity of liver damage.

Measurement of liver stiffness by FibroScan®, APRI and Fibrotest® was compared in the
diagnosis of hepatic impairment in a Canadian cohort of 127 patients with cystic fibrosis (15).
The prevalence of liver fibrosis associated with the disease was 14%. The AUROC for the
diagnosis of liver disease associated with cystic fibrosis using FibroScan®, APRI and
Fibrotest® was 0.78 (95% CI 0.65-0.92), 0.72 (95% CI 0.56—-0.87) and 0.76 (95% CI 0.62—
0.90), respectively, with no significant difference between the different methods used. At a
threshold of 5.2 kPa, the sensitivity, specificity, positive and negative predictive values of liver
stiffness by FibroScan® for the detection of chronic liver disease were 67%, 83%, 40% and

94%, respectively.

QUESTION 13
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WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE ASSESSMENT OF
SIGNIFICANT PORTAL HYPERTENSION

IN PATIENTS WITH CYSTIC FIBROSIS?

1. Liver stiffness can be useful in assessing significant portal hypertension (C2)
STRONG AGREEMENT

Abdominal ultrasound is useful in assessing liver damage and particularly in the investigation
of signs of portal hypertension. Liver morphological abnormalities and evidence of portal
hypertension are suggestive of cirrhosis. Semi-annual abdominal ultrasound can detect
hepatocellular carcinoma in cirrhotic patients. CT and MRI scans can then be used to

characterise certain abnormalities observed on ultrasound and/or suspicious nodules.

QUESTION 14

WHAT NON-INVASIVE METHODS ARE RECOMMENDED FOR THE FOLLOW-UP OF

PATIENTS WITH CYSTIC FIBROSIS?

1. It is recommended during patient follow-up to perform liver assessment and
abdominal ultrasound for the investigation of hepatic echotexture abnormalities
and/or evidence of portal hypertension (B2)

2. Various non-invasive markers for the diagnosis of liver fibrosis (APRI, FIB-4,
Fibrotest®, liver stiffness) could identify patients with liver disease with an
associated risk of portal hypertension (C2)

STRONG AGREEMENT

In a German study, 36 patients were prospectively followed for 4-5 years with FibroScan®,
APRI and FIB-4 (34). A subgroup of 9 of these 36 patients had an increase in stiffness >6.3
kPa during follow-up with a delta score of >0.38 kPa. The APRI and FIB-4 scores confirmed

the rationale for grouping these 9 patients with a significant increase in fibrosis.

QUESTION 15
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IN WHAT SITUATIONS IS LIVER BIOPSY NECESSARY FOR THE EVALUATION OF
LIVER DAMAGE IN CYSTIC FIBROSIS?

1. Norecommendation can be made (B2)

STRONG AGREEMENT

Liver biopsy is rarely necessary. It may reveal the most typical feature: macronodular

cirrhosis with an initial focal biliary cirrhosis or multilobular biliary cirrhosis.

REFERENCES

1. Ala A, Walker AP, Ashkan K, Dooley JS, Schilsky ML. Wilson’s disease. Lancet
2007;369:397-408.

2. Roberts EA, Schilsky ML. Diagnosis and treatment of Wilson disease: an update.
Hepatology 2008;47:2089-111.

3. Gromadzka G, Chabik G, Mendel T, Wierzchowska A, Rudnicka M, Czlonkowska A.
Middle-aged heterozygous carriers of Wilson’s disease do not present with significant
phenotypic deviations related to copper metabolism. J Genet 2010;89:463-7.

4, Sanchez-Albisua |, Garde T, Hierro L, Camarena C, Frauca E, de la Vega A, Diaz
MC, et al. A high index of suspicion: the key to an early diagnosis of Wilson’s disease
in childhood. J Pediatr Gastroenterol Nutr 1999;28:186-90.

5. Steindl P, Ferenci P, Dienes HP, Grimm G, Pabinger |, Madl C, Maier-Dobersberger
T, et al. Wilson’s disease in patients presenting with liver disease: a diagnostic
challenge. Gastroenterology 1997;113:212-8.

6. Martins da Costa C, Baldwin D, Portmann B, Lolin Y, Mowat AP, Mieli-Vergani G.
Value of urinary copper excretion after penicillamine challenge in the diagnosis of
Wilson’s disease. Hepatology 1992;15:609-15.

7. Foruny JR, Boixeda D, Lopez-Sanroman A, Vazquez-Sequeiros E, Villafruela M,
Vazquez-Romero M, Rodriguez-Gandia M, et al. Usefulness of penicillamine-
stimulated urinary copper excretion in the diagnosis of adult Wilson’s disease. Scand

J Gastroenterol 2008;43:597-603.



Journal Pre-proof

8. Muller T, Koppikar S, Taylor RM, Carragher F, Schlenck B, Heinz-Erian P,
Kronenberg F, et al. Re-evaluation of the penicillamine challenge test in the diagnosis
of Wilson’s disease in children. J Hepatol 2007;47:270-6.

0. El Balkhi S, Poupon J, Trocello JM, Leyendecker A, Massicot F, Galliot-Guilley M,
Woimant F. Determination of ultrafiltrable and exchangeable copper in plasma:
stability and reference values in healthy subjects. Anal Bioanal Chem 2009;394:1477-
84.

10. El Balkhi S, Trocello JM, Poupon J, Chappuis P, Massicot F, Girardot-Tinant N,
Woimant F. Relative exchangeable copper: a new highly sensitive and highly specific
biomarker for Wilson’s disease diagnosis. Clin Chim Acta 2011;412:2254-60.

11. Trocello JM, El Balkhi S, Woimant F, Girardot-Tinant N, Chappuis P, Lloyd C, Poupon
J. Relative exchangeable copper: a promising tool for family screening in Wilson
disease. Mov Disord 2014;29:558-62.

12. Poujois A, Trocello JM, Djebrani-Oussedik N, Poupon J, Collet C, Girardot-Tinant N,
Sobesky R, et al. Exchangeable copper: a reflection of the neurological severity in
Wilson’s disease. Eur J Neurol 2017;24:154-60.

13. Sini M, Sorbello O, Civolani A, Liggi M, Demelia L. Non-invasive assessment of
hepatic fibrosis in a series of patients with Wilson’'s Disease. Dig Liver Dis
2012;44:487-91.

14. Karlas T, Hempel M, Troltzsch M, Huster D, Gunther P, Tenckhoff H, Mossner J, et al.
Non-invasive evaluation of hepatic manifestation in Wilson disease with transient
elastography, ARFI, and different fibrosis scores. Scand J Gastroenterol
2012;47:1353-61.

15. Sadler MD, Crotty P, Fatovich L, Wilson S, Rabin HR, Myers RP. Noninvasive
methods, including transient elastography, for the detection of liver disease in adults
with cystic fibrosis. Can J Gastroenterol Hepatol 2015;29:139-44.

16. Stefanescu AC, Pop TL, Stefanescu H, Miu N. Transient elastography of the liver in

children with Wilson’s disease: Preliminary results. J Clin Ultrasound 2016;44:65-71.



Journal Pre-proof

17. Favrole P, Chabriat H, Guichard JP, Woimant F. Clinical correlates of cerebral water
diffusion in Wilson disease. Neurology 2006;66:384-9.

18. Zhong W, Huang Z, Tang X. A study of brain MRI characteristics and clinical features
in 76 cases of Wilson’s disease. J Clin Neurosci 2019;59:167-74.

19. Trocello JM, Woimant F, El Balkhi S, Guichard JP, Poupon J, Chappuis P, Feillet F.
Extensive striatal, cortical, and white matter brain MRI abnormalities in Wilson
disease. Neurology 2013;81:1557.

20. Kascakova S, Kewish CM, Rouziere S, Schmitt F, Sobesky R, Poupon J, Sandt C, et
al. Rapid and reliable diagnosis of Wilson disease using X-ray fluorescence. J Pathol
Clin Res 2016;2:175-86.

21. Stoller JK, Aboussouan LS. Alphal-antitrypsin deficiency. Lancet 2005;365:2225-36.

22. Ferrarotti I, Thun GA, Zorzetto M, Ottaviani S, Imboden M, Schindler C, von
Eckardstein A, et al. Serum levels and genctype distribution of alphal-antitrypsin in
the general population. Thorax 2012;67:669-74.

23. Ferrarotti I, Scabini R, Campo |, Ottaviani S, Zorzetto M, Gorrini M, Luisetti M.
Laboratory diagnosis of alphal-antitrypsin deficiency. Transl Res 2007;150:267- 74.

24, Zerimech F, Hennache G, Bellon F, Barouh G, Jacques Lafitte J, Porchet N, Balduyck
M. Evaluation of a new Sebia isoelectrofocusing kit for alpha 1-antitrypsin
phenotyping with the Hydrasys System. Clin Chem Lab Med 2008;46:260-3.

25. Clark VC, Marek G, Liu C, Collinsworth A, Shuster J, Kurtz T, Nolte J, et al. Clinical
and histologic features of adults with alpha-1 antitrypsin deficiency in a non-cirrhotic
cohort. J Hepatol 2018;69:1357-64.

26. Kim RG, Nguyen P, Bettencourt R, Dulai PS, Haufe W, Hooker J, Minocha J, et al.
Magnetic resonance elastography identifies fibrosis in adults with alpha-1 antitrypsin
deficiency liver disease: a prospective study. Aliment Pharmacol Ther 2016;44:287-
99.

27. Reiter R, Wetzel M, Hamesch K, Strnad P, Asbach P, Haas M, Siegmund B, et al.

Comparison of non-invasive assessment of liver fibrosis in patients with alphal-



Journal Pre-proof

antitrypsin deficiency using magnetic resonance elastography (MRE), acoustic
radiation force impulse (ARFI) Quantification, and 2D-shear wave elastography (2D-
SWE). PLoS One 2018;13:0196486.

28. Elborn JS. Cystic fibrosis. Lancet 2016;388:2519-31.

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

30. Knowles MR, Paradiso AM, Boucher RC. In vivo nasal potential difference:
techniques and protocols for assessing efficacy of gene transfer in cystic fibrosis.
Hum Gene Ther 1995;6:445-55.

31. Sermet-Gaudelus |, Dechaux M, Vallee B, Fajac A, Girodon E, Nguyen-Khoa T,
Marianovski R, et al. Chloride transport in nasal ciliated cells of cystic fibrosis
heterozygotes. Am J Respir Crit Care Med 2005;171:1026-31.

32. Sarles J, Barthellemy S, Ferec C, lovanna J, Roussey M, Farriaux JP, Toutain A, et
al. Blood concentrations of pancreatitis associated protein in neonates: relevance to
neonatal screening. for = cystic fibrosis. Arch Dis Child Fetal Neonatal Ed
1999;80:F118-22.

33. Sarles J, Berthezene P, Le Louarn C, Somma C, Perini JM, Catheline M, Mirallie S, et
al. Combining immunoreactive trypsinogen and pancreatitis-associated protein
assays, a method of newborn screening for cystic fibrosis that avoids DNA analysis. J
Pediatr 2005;147:302-5.

34. Karlas T, Neuschulz M, Oltmanns A, Guttler A, Petroff D, Wirtz H, Mainz JG, et al.
Non-invasive evaluation of cystic fibrosis related liver disease in adults with ARFI,
transient elastography and different fibrosis scores. PLoS One 2012;7:€42139.

13- NON-INVASIVE DIAGNOSIS AND FOLLOW-UP OF RARE GENETIC LIVER

DISEASES

DECLARATIONS OF INTEREST

BOURLIERE Marc: Abbott, BMS, Boehringer Ingelheim, Gilead, GSK, Idenix, Intercept,
Janssen, Merck, Novartis, Roche, Vertex



Journal Pre-proof

BOUZBIB Charlotte: AbbVie, Gilead, Novartis

BUREAU Christophe AbbVie, Gilead, Gore

DE LEDINGHEN Victor: AbbVie, Alfasigma, BMS, Diafir, Echosens, Gilead, Indivior,
Intercept, Medac, Myr Pharma, Pfizer, Promethera, Spimaco, Supersonic Imagine
DUCLOS-VALLEE Jean-Charles: No conflict of interest

GANNE-CARRIE Nathalie: Bayer, Gilead, Ipsen, Roche, Shionogi

GUILLAUD Olivier: Declared no conflicts of interest

POUJOIS Aurélia: Declared no conflicts of interest

SOBESKY Rodolphe: Declared no conflicts of interest

SOGNI Philippe: AbbVie, BMS, Galmed, Genfit, Gilead, Intercept, Janssen, MSD, Viking
WOIMANT France: Declared no conflicts of interest



