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Abstract: Wilson's disease is a rare, inherited autosomal recessive disease of copper
metabolism, in which the causative gene, ATP7B, results in absent or reduced function of

the ATP7B transporter important for biliary excretion of copper and incorporation of copper
into caeruloplasmin. Affected patients accumulate excessive copper within the liver, brain
and other tissues. A disease mainly of children, adolescents and young adults; clinical
features vary from the asymptomatic state to chronic liver disease, acute liver failure, and
neuropsychiatric manifestations. Diagnosis requires a high index of suspicion and is based

on a combination of clinical signs, biochemical tests, hepatic copper content assay and
mutation analysis of the ATP7B gene; to date, there are more than 500 mutations of ATP7B

in patients with Wilson’s disease. Early recognition and treatment can result in an excellent
prognosis whereas untreated disease is almost always fatal. Drug therapies include chelating
agents, such as penicillamine or trientine, and zinc salts. Liver transplantation is curative
correcting the underlying pathophysiology and is traditionally indicated in acute liver failure
or end-stage liver disease refractory to medical therapy. This review provides an overview of
various aspects of Wilson’s disease including molecular basis of the disease, clinical features,
diagnostic and management strategies with their current limitations.
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Introduction

Wilson’s disease (also known as hepatolenticular
degeneration) is a rare, inherited autosomal
recessive disease of copper metabolism with
excessive copper deposition in the body.! First
described by Kinnier Wilson? in 1912 as ‘pro-
gressive lenticular degeneration’ and liver cir-
rhosis, recent progress has advanced our
understanding of the pathogenesis and molecu-
lar genetics of the disease. In 1993, the molecu-
lar genetic defect was identified as ATP7B on
chromosome 13,35 which encodes a copper-
transporting P-type ATPase transmembrane
protein expressed mainly in hepatocytes.

Copper has an essential role in many metabolic
processes including serving as a cofactor for many
important enzymes.%? A typical diet provides 25
mg/day of copper with 98% of absorbed copper
excreted via the liver into bile.® The small

intestines absorb dietary copper through various
metal transporters and is exported into the portal
circulation by copper-transporting P-type
ATPase.%” Copper is taken up by the liver from
the portal circulation through the CTRI trans-
porter. In the cytoplasm, important scavenger
proteins such as metallothionein and glutathione
protect hepatocytes from the toxic effects of cop-
per. Located in the trans-golgi network in hepato-
cytes, the ATP7B transporter facilitates copper
homeostasis through incorporation of copper into
cuproproteins such as caeruloplasmin under nor-
mal conditions, which is then secreted into blood.
With excess copper, the protein ATP7B moves
towards the canalicular part of the hepatocyte,
where it promotes biliary copper excretion by tak-
ing on a predominantly excretory role.® Functional
ATP7B mutations, as seen in Wilson’s disease,
results in absent or reduced function of the
ATP7B transporter.
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Caeruloplasmin is a serum glycoprotein synthe-
sized and secreted by the liver. Almost all of the
body copper is protein bound with free copper
inevitably injurious to cells through the produc-
tion of free radicals. Failure to incorporate copper
into caeruloplasmin results in hypocaeruloplas-
minaemia found in most patients with Wilson’s
disease.%10 The resulting slow hepatic copper
accumulation over years produces progressive
hepatocellular damage once storage capacity of
the liver is exceeded. Eventually, noncaeruloplas-
min bound copper spills into the circulation and
deposits in other organs with common extrahe-
patic sites including the brain, eyes and kidneys.
Urinary copper excretion increases in those with
Wilson’s disease but cannot compensate for the
impaired biliary excretion of copper or the pro-
gressive serum copper accumulation.!!

Wilson’s disease has been attributed to more than
500 disease causing genetic mutations and most
patients are compound heterozygotes.!%13 This
therefore requires mutation analysis to be used
carefully diagnostically as well as for screening
purposes. Recent developments in sequencing
methods has increased the success in mutation
detection, with the highest reported detection
rate at 98% in a laboratory proven Wilson’s dis-
ease cohort.!* Other studies however, have
reported a lower detection rate of 69%.!> While
there remains no defined genotype—phenotype
pattern in Wilson’s disease, several groups have
attempted to interpret phenotype—genotype cor-
relation data. Fulminant hepatic failure at an
early age of onset was observed in those with
mutant alleles for truncated ATP7B, probably as
a consequence of early copper overload from
complete nonfunction.!® Conversely, those with a
H714Q mutation tend to have a late neurological
presentation; the residual functional activity likely
accounting for the delayed onset of the disease.!”
The H1069Q mutation is the most frequently
occurring mutation in European and North
American White patients and presents with equal
chance for either neurologic or hepatic
presentations.18:19

Estimates suggest approximately 30 individuals
are affected per million population worldwide.2?
Wilson’s disease may present symptomatically at
any age, although most cases are between the ages
of 5-35 years. Untreated Wilson’s disease is usu-
ally fatal typically as a consequence of liver dis-
ease in the majority of cases. Medical therapy and

liver transplantation has enabled prolonged sur-
vival with drug treatment compliance being the
main prognostic determinant.8>2!

Medical therapy is rarely effective in adults pre-
senting with Wilson’s related acute liver failure
due to the inability of medical therapy to remove
sufficient excess copper during the acute phase.
In this setting, apoptosis of liver cells leads to an
acute surge of copper release into the circulation.
The resulting consequence is haemolysis and
excess copper related injury to renal tubules with
reduced renal filtration of copper.® There is a per-
petuating cycle of copper release through the
release of haem iron from haemolysis causing fur-
ther injury to hepatocytes. A reduction in circu-
lating copper may be achieved by plasmapheresis,
haemofiltration, exchange transfusion and molec-
ular absorbent recirculating system (MARS).
However, these strategies are usually not effective
in reversing critical hepatic and progenitor cell
injury, to enable timely regeneration to occur.
Ultimately, liver transplantation is required in
almost all cases of acute liver failure due to
Wilson’s disease.?? Several recent papers have
reported remission by plasma exchange, chelator
and other medical therapy without the need for
liver transplantation in the setting of Wilson’s-
related acute liver failure, albeit predominantly in
the paediatric population.23-25

Clinical features

Common presentations for Wilson’s disease are
with liver disease or neuropsychiatric features.
Asymptomatic patients are usually found through
family screening. Those presenting with neu-
ropsychiatric manifestations tend to be older than
those with liver disease who tend to be younger.®

Hepatic

Wilson’s disease may present with liver disease
varying on a spectrum ranging from acute liver
failure, asymptomatic with only biochemical
abnormalities, to overt cirrhosis with gradual
decompensation from progressive portal hyper-
tension and its associated complications. Acute
viral hepatitis-like symptoms may also occur,
although there is usually evidence of chronic liver
disease such as splenomegaly and thrombocytope-
nia.2% Some patients may have Coombs-negative
(nonimmune) haemolytic anaemia with transient
episodes of jaundice or low-grade haemolysis.27-28
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All young patients with unexplained chronic liver
disease or acute hepatitis should be screened for
Wilson’s disease.®

Presentation with acute liver failure is seen in ~3—
5%, predominantly in young females (female:male
ratio 4:1), in the second decade of life.2° Usually
it is rapidly progressive and fatal unless transplan-
tation is an option. Cirrhosis is usually present in
most cases although some might show evidence
of massive necrosis with only bridging fibrosis.5-3°
Diagnosis of Wilson’s disease in those with acute
liver failure is often difficult, although patients
may present with Coombs-negative haemolytic
anaemia, evidence of underlying cirrhosis, acute
kidney injury and elevated serum or urine copper
levels.83! Serum alkaline phosphatase levels are
disproportionately low, while total bilirubin is
disproportionately high due to concomitant rise
of indirect bilirubin from copper induced hae-
molysis. Transaminases may be only mildly ele-
vated. An acute presentation may be observed in
patients previously treated for Wilson’s disease
but in whom medication is stopped.28

Neurological

Neurological features are presenting signs in 40—
50% of patients with Wilson’s disease.?? They
tend to present later than hepatic manifestations,
in childhood but frequently in the third decade of
life.33> They can be extremely subtle or may
develop rapidly with complete disability apparent
within a few months. Neurological manifestations
can be classified as: (1) a dystonic syndrome,3*
(2) akinetic-rigid syndrome akin to Parkinson’s
disease, (3) pseudosclerosis dominated by tremor,
and (4) ataxia.® Other neurological features
include dysarthria, drooling, dysphagia (pseudob-
ulbar palsy with a risk of aspiration), a proximal
wing-beating tremor, dystonia leading to severe
contractures, migraines and insomnia, spasticity
and lack of coordination.?> Untreated patients
continue to deteriorate eventually becoming bed-
bound and dependent in activities of daily living.
In patients with advanced liver disease, neurolog-
ical manifestations can be misdiagnosed as
hepatic encephalopathy.3!

Psychiatric

Behavioural and psychiatric features may precede
neurological and hepatic manifestations in about
one-third of patients.3! There is often a delay in

diagnosing Wilson’s disease in patients with neu-
ropsychiatric features.3® These can be subtle
including academic decline, changes in behaviour
with loss of inhibitions, hypersexuality and mild
cognitive impairment.37-38 Other psychiatric man-
ifestations include depression, anxiety and even
overt psychosis often misdiagnosed as a primary
mental health disorder.

Other clinical changes

Infrequent presentations include osteoporosis,
osteoarthritis, chondrocalcinosis,?® hypercalciuria
and nephrocalcinosis,*® cardiomyopathy and
arrhythmias,*! gigantism, hypoparathyroidism,*?
infertility and repeated miscarriages.43-44

Kayser-Fleischer ring

Kayser—Fleischer rings are caused by deposition
of copper in Des¢gemet’s membrane on the inner
surface of the cornea.® They are present in 44—
62% of patients with mainly hepatic disease at the
time of diagnosis.® However, they are almost uni-
versal in patients with neuropsychiatric presenta-
tions. Kayser—Fleischer rings have a golden-brown
appearance when visible on direct inspection. In
most patients, slit-lamp examination is necessary
to confirm their presence or absence, and bedside
nonspecialist examination is not generally
adequate.

Other rarer ophthalmological changes include
sunflower cataracts which represent deposits of
copper in the lens without visual impairment.4>
Both Kayser—Fleischer rings and sunflower cata-
racts are reversible with medical therapy or after
liver transplantation.46

Diagnosis

Wilson’s disease remains a diagnostic challenge
as the symptoms are often nonspecific with mul-
tiorgan involvement.3> Currently, the diagnosis of
Wilson’s disease is based on clinical features and
a range of laboratory tests. The presence of neu-
rological symptoms, Kayser—Fleischer rings and a
low caeruloplasmin level is usually sufficient to
confirm a diagnosis.®3! The absence of Kayser—
Fleischer rings does not exclude Wilson’s disease
(as in the case of hepatic manifestation of Wilson’s
disease) but in those with predominantly neuro-
logical disease, Kayser—Fleischer rings are present
in 90.4-100% of patients.4”>*® Genetic analysis is
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Table 1. Scoring system developed at the 8th International Meeting on Wilson's disease, Leipzig 2001.47

Clinical signs and symptoms Other tests

KF rings Liver copper in the absence of
cholestasis
e Present e >5 X upper limit of normal (>4 2
umol/g)
e Absent e 0.8-4pmol/g 1
e Normal (<0.8 umol/g) -1
¢ Rhodanine-positive granules [if no 1

Neurologic symptoms or
typical imaging at brain MRI

e Severe
e Mild
e Absent

Serum caeruloplasmin
e Normal (>0.2 g/l
e 0.1-0.2 g/l

e <0.1g/l

quantitative liver copper available)

Urinary copper in the absence of acute

hepatitis

e Normal 0
e 1-2 X upper limit of normal 1
e >2 upper limit of normal 2
e Normal, but >5 X upper limit of 2

normal after Penicillamine

Mutation analysis

e On both chromosome detected 4
e Onone chromosome detected 1
e No mutations detected 0

Coombs-negative Total score

haemolytic anaemia

e Present 1 e 4ormore
e Absent 0 e 3
e 2orless

Evaluation

¢ Diagnosis established

¢ Diagnosis possible,
more tests needed

¢ Diagnosis very unlikely

KF, Kayser-Fleischer; MRI, magnetic resonance imaging.

diagnostic of Wilson’s disease but impractical as
there are over 500 mutations described for the
disease making it laborious and expensive.
However, automated technological advances to
extract, sequence and analyse DNA makes this
feasible, practical and financially accessible as
costs fall over time. Genetic testing is particularly
useful in screening relatives following confirma-
tion of the mutation in the index patient.

A diagnostic score for diagnosing Wilson’s disease
was proposed by the working party at the 8th
International Meeting on Wilson’s disease, Leipzig
2001 (Table 1).% The scoring system includes the
following diagnostic elements: (1) serum caerulo-
plasmin, (2) 24-h urinary copper excretion, (3)
the presence of nonimmune (Coombs-negative)
haemolytic anaemia, (4) hepatic copper, (5) the

presence of Kayser—Fleischer rings on slit-lamp
examination, (6) neurologic or neuroimaging fea-
tures, and (7) mutation analysis. A score of 4 or
more provides good accuracy to diagnose Wilson’s
disease.’® More recently, Roberts and Schilsky
provided current diagnostic approaches in their
guidelines prepared for the American Association
for the Study of Liver Diseases.® Table 2 summa-
rizes the routine tests performed for diagnosis of
Wilson’s disease.

Liver biochemistry

Serum aminotransferase activity is usually abnor-
mal in this disease except at a very early age. The
degree of elevated aminotransferase activity may
be mild for many individuals and does not reflect
the severity of the liver disease.®
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Table 2. Summary of routine investigations performed for diagnosis of Wilson’s disease.826

Investigation Features and findings

Caeruloplasmin .
diagnostic

Combination of Kayser-Fleischer rings and caeruloplasmin <0.2 g/l is

e Overestimation by immunologic assay. Elevated in inflammation and
hyperoestrogenaemic states

e Anormal level does not exclude Wilson’'s disease

Urinary copper excretion e
(24-h)

Helpful for diagnosing Wilson’s disease and for monitoring treatment

e >1.6umol (>100 pg) is considered diagnostic in adults (>0.6 pmol in
children) in those symptomatic

Hepatic copper J
concentration

=250 pg/g dry weight (considered diagnostic)

e <50 pg/g almost always excludes diagnosis

Kayser-Fleischerringon e
slit-lamp examination

Usually present, absence does not exclude diagnosis

e Absentin up to 50% of patients with hepatic Wilson's disease

e Almost universal in patients with neuropsychiatric presentations

90.4-100% prevalence)

Caeruloplasmin

Synthesized mainly in the liver, this protein is the
major carrier of copper in the circulation carrying
six copper atoms per molecule of caeruloplasmin.
A caeruloplasmin level of lower than 0.2 g/l has
been considered consistent with Wilson’s disease
and diagnostic in association with Kayser—
Fleischer rings.%8 Caeruloplasmin levels within
normal range does not exclude it. A prospective
study demonstrated a subnormal caeruloplasmin
had a positive predictive value of only 6% when
used as the sole screening test for Wilson’s dis-
ease.’! Caeruloplasmin may be measured enzy-
matically or, more commonly in clinical practice,
by antibody-dependant assays.3? Serum caerulo-
plasmin as a diagnostic criterion may be difficult
to interpret as immunologic assays may overesti-
mate concentrations, levels may be elevated dur-
ing acute inflammation given it is an acute phase
reactant (including acute fulminant Wilsonian
crises), and in hyperoestrogenaemic states (such
as pregnancy).>? Conversely, low serum caerulo-
plasmin is observed physiologically in infancy,
20% of heterozygotes, hypoproteinaemic states
(including cirrhosis of any aetiology), Menke’s
disease and acaeruloplasminaemia.®

Serum copper
In Wilson’s disease, total serum copper (copper
bound and unbound to caeruloplasmin) is usually

decreased in proportion to the decreased caerulo-
plasmin in the circulation, despite it being a dis-
ease of copper overload. Serum copper may be
within normal limits in those with severe liver
injury (despite decreased serum caeruloplasmin
levels) or markedly elevated in the setting of
Wilson’s induced acute liver failure. Serum free
copper (noncaeruloplasmin bound) levels above
3.14 umol/l (200 pg/l), has been proposed as a
diagnostic test for Wilson’s disease but is limited
by its dependency on the adequacy of the methods
for measuring both serum copper and caeruloplas-
min.>* Hence, it is of more importance in monitor-
ing therapy rather than diagnosing the disease.?!

Urinary copper excretion

24-h urinary copper excretion is increased in
Wilson’s disease, reflecting the amount of serum
free copper in the circulation. Consequently, it
may be helpful for diagnosing Wilson’s disease
and for monitoring treatment. In those sympto-
matic of Wilson’s disease, a urinary copper excre-
tion in a 24-h period of >1.6 umol (>100 pg/24 h)
is considered diagnostic of the disease,’> with
levels >0.6 umol (>40 pg/24 h) as the better
threshold for diagnosis because it improved sensi-
tivity in testing for the disease.?>® A penicillamine
challenge study may still be a useful diagnostic
test for Wilson’s disease in the paediatric popula-
tion but the predictive value of this test in adults
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is very uncertain and thus not widely

implemented.

Hepatic copper concentration

Hepatic copper content =250 ug/g dry weight is
considered the hallmark of Wilson’s disease and is
the method of choice for the diagnosis of Wilson’s
disease.?! Although, a threshold value of 70 ug/g
dry weight has been suggested to improve sensitiv-
ity (from 83.3% to 96.5%) albeit at the expense of
specificity (from 98.6% to 95.4%).5% The main
issue with hepatic copper concentration is the het-
erogeneous distribution of copper within the liver
in advanced stages of Wilson’s disease, with the
amount of copper varying from nodule to nodule
in the presence of cirrhosis. The accuracy of the
measurement is improved with adequate speci-
men size of at least 1 cm of biopsy core length.5?
Hepatic copper concentration should be obtained
in cases where the diagnosis is not straightforward
and in younger patients. A normal hepatic copper
concentration (<50 pg/g) almost always excludes
a diagnosis of Wilson’s disease.® Increased hepatic
copper concentrations can be seen in those with
long-term cholestasis and therefore this result
should be taken in the context of the patient’s clin-
ical presentation.’® Critically, tissue copper con-
tent is distinct and not equivalent to copper
deposition identified by microscopy.

Liver biopsy

Liver biopsy is not always needed and may have
greatest utility when diagnosing indeterminate
cases or if there is suspicion of other hepatic dis-
ease.’” Thought needs to be given to when to per-
form a liver biopsy, how to ensure that tissue is
prepared appropriately and whether electron
microscopy is needed.

Detection of copper in hepatocytes by routine his-
tochemical evaluation is highly variable. In the
early stages, abnormalities include mild steatosis,
glycogenated nuclei in hepatocytes, and focal
hepatocellular necrosis, often misdiagnosed as
nonalcoholic fatty liver disease or nonalcoholic
steatohepatitis.>® Liver histology may also show
features consistent with autoimmune hepatitis. All
children with an apparent diagnosis of autoim-
mune hepatitis should also be investigated for
Wilson’s disease, and adults with a presumptive
diagnosis of autoimmune hepatitis failing to
respond rapidly and appropriately to corticosteroid

therapy must be carefully evaluated for Wilson’s
disease.?

Eventually, progressive parenchymal damage
leads to fibrosis and subsequent cirrhosis. In the
presence of acute liver failure due to Wilson’s
disease, there is marked hepatocellular degener-
ation via apoptosis and parenchyma collapse on a
background of cirrhosis.>® Ultrastructural analy-
sis of liver parenchyma (e.g. by electron micros-
copy) reveals specific mitochondrial abnormalities
which are pathognomonic of Wilson’s disease in
the absence of cholestasis.31:60

Neuroimaging studies

All patients diagnosed with Wilson’s disease
should undergo neurological evaluation. Those
with neuropsychiatric manifestations should
receive consultation with a neurologist or a move-
ment disorder specialist before treatment or soon
after treatment is initiated.3! Currently, there is
no commonly accepted rating scale which
describes neurological signs in Wilson’s disease.

In Wilson’s disease, computed tomography of the
brain will show increased density around the basal
ganglia, whereas magnetic resonance (MR) imag-
ing may be more sensitive and will usually reveal
hyperintensity on T2-weighted MR imaging of the
basal ganglia.®! Other features include the ‘face of
the giant panda’ sign and hyperintensities in the
tectal-plate, central pons and the brainstem.
Abnormal brain imaging may even be present in
some individuals prior to the onset of symptoms.

Acute liver failure

The diagnosis of acute liver failure due to Wilson’s
disease is challenging as many investigations have
a turnaround time of several days, therefore one
usually has to rely on eliciting clinical features.
Around 3-5% of patients will present with acute
liver failure.?® Timing is critical since mortality
without liver transplantation is very high.
Determination of which patients will not survive
without a liver transplant is key to urgent listing
for transplantation. A prognostic score incorpo-
rating serum bilirubin, aspartate aminotrans-
ferase, international normalized ratio, leucocyte
count and serum albumin, determines survival
without liver transplantation.®2 A score of =11, is
associated with high probability of death without
a liver transplant (Table 3).
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Table 3. Prognostic index in Wilson's disease.t2 A score of =11, is associated with high probability of death

without a liver transplant.

Score [in points) 1 2 3 4
Serum bilirubin (umol/l) 100-150 151-200 201-300 >300
AST (1U/1) 100-50 151-300 301-400 >400
INR 1.3-1.6 1.7-1.9 2.0-2.4 >2.4
WCC (x107/1) 6.8-8.3 8.4-10.3 10.4-15.3 >15.3
Albumin (g/l) 34-44 25-33 21-24 <21

AST, aspartate aminotransferase; INR, international normalized ratio; WCC, white cell count.

Characteristic features suggesting a diagnosis of
acute liver failure due to Wilson’s disease include
Coombs-negative haemolytic anaemia, coagu-
lopathy unresponsive to parenteral vitamin K,
renal failure, relatively modest rises in serum ami-
notransferase (AST/ALT > 2.2), normal or mark-
edly subnormal serum alkaline phosphatase (ALP),
elevated serum copper and 24-h urinary copper
excretion, and a ratio of alkaline phosphatase to
bilirubin of <2.8 A combination of an ALP to bili-
rubin ratio of <4 and an AST:ALT ratio >2.2
provided a sensitivity and specificity of 100% in
identifying acute liver failure due to Wilson’s
disease,% although this was not replicated by
other authors.%* Furthermore, this ratio cannot be
applied to the paediatric population given the ele-
vated alkaline phosphatase contributed by growing
bone. Kayser—Fleischer rings can support the diag-
nosis of Wilson’s disease but may be absent in 50%
of patients with acute liver failure. Readily availa-
ble biochemistry tests such as bilirubin, alkaline
phosphatase and serum aminotransferase should
therefore be used in combination with other clini-
cal manifestations of Wilson’s disease.3!

Family screening

All first-degree relatives of a patient with newly
diagnosed Wilson’s disease must be screened for
Wilson’s disease because the probability of find-
ing a homozygote in siblings is 25%.8 The chance
amongst the offspring is 0.5%. In such cases, liver
function tests, serum copper and caeruloplasmin
concentration, and 24-h urinary copper excretion
analysis are performed.

Molecular genetic analysis can be useful for fami-
lies where both mutations have been identified in
the index patient, enabling molecular analysis for
the same mutation in siblings.3! Where both
mutations have not been identified, haplotype

analysis may be helpful to determine whether sib-
lings of the index patient have inherited the same
pair of chromosomes.® Genetic testing is the only
reliable method to separate heterozygote from
homozygote siblings.

Treatment

Drug therapy for Wilson’s disease focuses on
decoppering from the use of chelators (to promote
copper excretion) or zinc which reduces intestinal
copper absorption, or both. These treatments were
first reserved for symptomatic patients because
diagnostic tests were not available to identify pre-
symptomatic disease. With advances in diagnos-
tics, it is recognized that significant morbidity and
mortality can be prevented by treating asympto-
matic patients.®> Wilson’s disease remained pro-
gressively fatal until 1951 when the first copper
chelator dimercaprol was used intramuscularly;6-67
it was associated with high incidence of adverse
effects limiting its therapeutic use. In 1956, Walshe
demonstrated the benefits of the orally active cop-
per chelator, penicillamine.’8 In 1969, trientine
was made available as an alternative chelator, espe-
cially in those who did not tolerate penicillamine.%°
Ammonium tetrathiomolybdate (TM) is another
chelator, used by veterinarians to treat copper
poisoning in animals, shown to be beneficial in
Wilson’s disease.”® Currently, the mainstay of ther-
apy for Wilson’s disease remains lifelong drug ther-
apy usually with an orally active copper chelator.
Liver transplantation is considered in those with
acute liver failure, unresponsive to medical therapy
and end-stage liver disease.

There is currently a lack of high quality data on
the various available therapies for Wilson’s dis-
ease.”! The recommended therapy for sympto-
matic patients or those with active disease is
initially with chelating agents821:31 (Table 4).
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Penicillamine has been the mainstay of treatment
given its large worldwide treatment experience.
However, adverse effects have led to increased tri-
entine use as primary therapy given favourable
efficacy data and improved supply of this chelat-
ing agent.®

After initial chelation therapy of typically 3—6
months, usually until symptoms or biochemical
abnormalities have stabilized, maintenance dos-
ages of chelators or zinc monotherapy can be
used for treatment.831 Asymptomatic patients
may be treated with either maintenance dosages
of oral chelating agents or with zinc monother-
apy. Discontinuation of lifelong maintenance
treatment has led to recurrent symptoms and
liver failure ultimately requiring liver transplan-
tation. Monitoring of therapy is important to
ensure compliance, especially when they feel
well, and for potential treatment-related side
effects. Generally, serum copper and caerulo-
plasmin, liver biochemistry, international nor-
malized ratio, full blood count and urinalysis
(more often if on chelation therapy), and physi-
cal examination should be performed regularly,
at least biannually.83!

Penicillamine

Penicillamine has the largest experience of all the
available Wilson’s disease treatments. Although
widely available and relatively cheap until
recently,”? penicillamine is associated with serious
adverse effects.%® Penicillamine was identified as
the breakdown product of penicillin with a free
sulphydryl group which acts as the copper chela-
tor from hepatic and other stores, causing urinary
excretion of copper.%2! It is well documented in
showing efficacy in Wilson’s disease, usually after
2—-6 months of treatment.26-73

The initial dosing of penicillamine is 125-250
mg/day to facilitate tolerability, increased by
250 mg increments every 4—7 days, to a maxi-
mum of 1000-1500 mg/day in two to four divided
doses. Usually it is administered half an hour
before meals or at least 2 h after meals because
food inhibits its absorption.83! It has an oral
bioavailability of 40-70%. The maintenance dose
is usually 750-1000 mg/day in two or three
divided doses. In the paediatric population,
dosing is 20 mg/kg/day in two or three divided
doses. Supplemental pyridoxine is recommended
(25-50 mg/day) as penicillamine may interfere

with pyridoxine metabolism. Adequacy of treat-
ment is monitored by measuring 24-h urinary
copper excretion, which settles to 12—32 umol/day
(750-2000 pg/day) after an initial peak. Values
of urine copper excretion below 3.2 pumol/day
(200 pg/day), together with a serum free copper of
>2.36 umol/l (>150 pg/l) may suggest noncompli-
ance, whereas a serum free copper of <0.79 umol/l
(<50 pg/l) may suggest overtreatment.

There are numerous side effects to penicillamine
and often severe requiring discontinuation in
approximately 30% of patients.’®75 In the early
stages, sensitivity reactions marked by fever and
cutaneous eruptions may occur. If these occur,
then the medication should be stopped and an
alternative should be used. Late reactions include
nephrotoxicity including nephrotic syndrome,
pemphigus or pemphigoid lesions, systemic lupus
erythematosus, Goodpasture’s syndrome, and
bone marrow suppression. Monitoring is neces-
sary for penicillamine toxicity including full
blood count with liver and renal biochemistry,
and urinalysis.?! Initial neurological worsening
has been reported in 10-20% of patients with a
neurological presentation and which in some
cases cannot be reversed,’® consequently other
agents are used as first-line therapy.

Trientine

Trientine was introduced in 1969, as an alterna-
tive therapy for Wilson’s disease in patients intol-
erant to penicillamine.®® It has a polyamine-like
structure, and it chelates copper by forming a sta-
ble complex with the four constituent nitrogen
atoms in a planar ring.® Like penicillamine, trien-
tine promotes copper excretion via the kidneys
after chelation. Although there are few available
pharmacokinetics data on trientine, it is poorly
absorbed from the gastrointestinal tract with most
of the absorbed drug metabolized and only a
small fraction excreted in urine.

Trientine is an effective treatment in Wilson’s
disease, especially in those intolerant to penicil-
lamine, with decompensated liver disease, and in
those with neurological presentation.””-7® The risk
of neurological worsening after initiating therapy
is <20% with trientine.”® Trientine has few side
effects and although they are similar to penicil-
lamine, the frequency is much lower.>480 In gen-
eral, adverse effects due to penicillamine resolve
when it is substituted for trientine. Copper
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deficiency induced by trientine has been known
to lead to reversible sideroblastic anaemia and
iron overload in the liver.

Typical initial dose of trientine are 750-1500 mg/
day in two or three divided doses, with 750-1000
mg/day used for maintenance.83! In the paediat-
ric population, dosing is 20 mg/kg/day in two or
three divided doses. Similar to penicillamine, tri-
entine should be administered half an hour before
meals or at least 2 h after meals. Monitoring is
also necessary including full blood count with
liver and renal biochemistry, and urinalysis.2!
Adequacy of treatment is monitored, identically
to penicillamine, by measuring 24-h urinary cop-
per excretion and serum free copper levels.

Ammonium tetrathiomolybdate

TM is not commercially available and experience
with the drug is limited. It is a potent decoppering
agent forming a tripartite complex with protein
and copper.?! When taken with meals, TM acts
by inhibiting copper uptake and when adminis-
tered in between meals, it is absorbed and acts by
binding copper from the plasma before being
metabolized by the liver and excreted in bile.
Although it has a good side effect profile, adverse
effects include bone marrow suppression, anae-
mia and increased serum aminotransferase levels,
responsive to dose reduction.

The use of TM has only been demonstrated in
initial therapy and its utility in maintenance
therapy remains uncertain. In the initial therapy
setting, TM has demonstrated no worsening of
neurological symptoms and a rapid reduction in
circulating free copper during the first 8 weeks of
therapy (in combination with oral zinc
therapy).70:81

Zinc

Zinc was first used in the 1960s to treat Wilson’s
disease.82:83 Its mode of action is through inhibi-
tion of copper uptake by intestinal mucosa. Zinc
induces enterocyte metallothionein which has a
greater affinity for copper (than for zinc) inhibit-
ing its portal absorption.8* Reabsorption of copper
from salivary and gastric secretions is also impaired
resulting in an overall mildly negative copper bal-
ance. This negative balance is not sufficient for
zinc to be an effective monotherapy agent in those
with symptomatic Wilson’s disease. Zinc is

currently approved for maintenance therapy in
those who have already been initially treated with
penicillamine or trientine, although it has been
used as first-line therapy in presymptomatic
patients with equal efficacy as penicillamine.”!
Zinc monotherapy appears to be effective and safe
in neurologic Wilson’s disease and consequently
may have a role as first-line therapy in this
setting.8>

The recommended dose is 150 mg/day of elemen-
tal zinc for larger adults and children (75 mg/day
if <50 kg), in three divided doses, 30 minutes
before meals.83! Zinc is usually well tolerated
with gastric irritation a common problem, usually
with the early morning dose. Elevation in serum
lipase and amylase may occur without any clinical
or radiological evidence of pancreatitis. No for-
mal laboratory testing is required for monitoring
of adverse effects.?!

Monitoring response to therapy, including com-
pliance, is performed by measuring 24-h urinary
excretion of copper, which is <1.2 umol (75 pg)
per day while on maintenance therapy.8 In addi-
tion, urinary zinc levels may be measured on the
same sample which should be >30.6 umol/day
(2.0 mg/day). Furthermore, serum free copper
may also be measured.

Diet

Dietary management is not recommended as sole
therapy. High concentrations of copper are found
naturally in numerous foods such as chocolate,
shellfish, nuts, mushrooms, liver and soy. They
are generally best avoided especially in the first
year of treatment for Wilson’s disease.® The role
of diet is thought to have been overstated accord-
ing to some authors who advise avoiding only
shellfish and liver from a normal diet.2! The cop-
per content of well water and water brought into
the home through copper pipes may need check-
ing if there is concern and a water purifying sys-
tem is advised if the copper content is high. Most
patients do not restrict their diet but considera-
tion to avoiding copper containers can be as rele-
vant as can running a tap to clear stagnant water
in copper pipes is recommended.

Other therapies
Accumulation of copper in the liver produces oxi-
dative stress related damage. Vitamin E levels
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have been found to be low in Wilson’s disease.8¢
Supplementation of antioxidants, such as vitamin
E or N-acetylcysteine, may have a role as adjunc-
tive therapy but no well controlled studies are
available to advocate its routine use.3!

Physiotherapy to maintain muscle function and
management of contractures is important, espe-
cially on initiation of anticopper therapy.2!
Occupational therapy has a role in identifying and
eliminating environmental barriers to independ-
ence and participation in activities of daily living.
Speech therapy is also helpful, initially to main-
tain and strengthen existing abilities, but then
also to optimize any potential outcomes on recov-
ery following medical therapy. It also has a role in
assessing swallow and risk of aspiration.

Patients with hepatic disease or decompensation
should be managed as with any other patient with
chronic liver disease.?! Indeed, they may require
optimization of diuretic therapy, treatment of
encephalopathy and varices, dietary salt restric-
tion and treatment of infection.

Recovery and prognosis

Once diagnosed, patients with Wilson’s disease
have an excellent prognosis provided they remain
compliant with lifelong therapy, even if cirrhosis
is present at the time of diagnosis.2! Patients who
discontinue treatment are at high risk of fulmi-
nant hepatic failure hence the recommendation
to continue therapy for life.3! In those with neu-
rological features, patients begin showing clinical
improvement 5-6 months after initiation of anti-
copper therapy with most patients eventually
showing substantial improvement. The greater
the severity at diagnosis, the more likely that sig-
nificant disability will be permanent. Residual
neurological features present after 24 months of
therapy is usually permanent. Dysphagia tends to
improve after 1-2 years of therapy to a point
where aspiration no longer occurs. The use of
enteral feeding during this interim period may
ensure adequate nutrition. Psychiatric and
behavioural manifestations usually improve and
resolve within 1-2 years of therapy, with most
patients leading a normal life from a mental
health point of view.2!

In most patients, following normalization of liver
function from anticopper therapy, the liver will
remain compensated for the remainder of a

normal lifespan. Further insults to the liver are
best avoided, including avoiding alcohol and
ensuring vaccination against hepatitis A and B.2!

Specific situations

Presymptomatic patients

Usually these will be siblings of an index patient
who are diagnosed as a result of family screening.
Current guidelines recommend treatment with a
chelating agent, such as trientine rather than
penicillamine, or with zinc in preventing disease
symptoms or progression.83! A randomized
study comparing penicillamine with zinc as initial
therapy found similar efficacy, although more
adverse effects were reported with the penicil-
lamine arm.%’

Initial therapy

Initial therapy is recommended with a chelator,
either penicillamine or trientine, and zinc in those
with decompensated chronic liver disease (Figure 1
provides an overview).821:31  Typically this
includes hypoalbuminaemia, elevated bilirubin,
prolonged prothrombin time, ascites, but no
encephalopathy. If a patient has elevated transam-
inases, or cirrhosis and transaminase elevations,
but no evidence of hepatic decompensation, they
may be treated as a maintenance phase patient.
Trientine is often chosen over penicillamine
because of improved tolerability. Chelator and
zinc administration should be spaced 5-6 h apart
in order to avoid chelator binding to zinc thereby
negating their respective therapeutic effect.

For those who respond to initial therapy, as
assessed by clinical parameters or synthetic func-
tion, may be transitioned to maintenance therapy,
typically after 3—6 months. Liver function begins
improving 3-4 months following initiation of
therapy, and usually normalize by 12 months.?!
Given paucity of data, the timing of transition
from initial therapy to maintenance therapy in
patients with hepatic Wilson’s disease remains
investigational.

Although a patient may have lifelong cirrhosis,
this does not present any medical problems with
the exception of varices which can pose a risk in
the first 2-3 years of therapy. The risk of a
hepatoma developing in this situation is low, at 1
in 400 lifelong, but recent studies would suggest
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Diagnosis of Wilson’s
disease

Presymptomatic Initial therapy Maintenance Acute fulminant
patients therapy hepatic failure
Chelating agent Decompensated Elevated Predominantly Chelating agent Referral for liver
(trientine chronic liver transaminases, neuropsychiatric or zinc, continue transplantation
preferred to disease or cirrhosis but manifestations for life
penicillamine) or no hepatic
zinc decompensation
Y v Y
Chelating agent Treat as Either
plus zinc maintenance 1) Trientine +/- zinc
phase patient 2) Tetrathiomolybdate
(experimental and not

Following response to initial
therapy (normal serum free
copper concentration, and failure of medical
24-hour urinary copper in the therapy

range of 3.2-8 umol/day
(200-500 pg/day)), transition *
to maintenance therapy
(typically after 3-6 months).

Advanced hepatic
Wilson’s disease, or

Referral for liver
transplantation

(]

Discontinue chelation
therapy following
transplant

commercially
available) +/- zinc

Figure 1. Summary of treatment recommendations and suggestions for Wilson's disease.821:31

hepatocellular carcinoma is more common in
Wilson’s disease than appreciated.889 Some
authors do not advocate routine hepatoma sur-
veillance in cirrhosis related to Wilson’s dis-
ease.®°! In practice however, clinicians will often
opt for hepatoma surveillance, especially in the
elderly.

In those with advanced hepatic Wilson’s disease,
or who fail medical therapy with chelators, may
require referral for liver transplantation. A prog-
nostic index scoring system has been developed®?
and later modified by Dhawan and colleagues.®2
This score can be calculated using the serum bili-
rubin, international normalized ratio, aspartate
aminotransferase, albumin and white cell count.
A score of 11 or more is associated with high
probability of death without liver transplantation

and should be referred to a transplant centre
promptly.

Initial therapy for patients presenting with pre-
dominantly neuropsychiatric manifestations of
Wilson’s disease can result in paradoxical irre-
versible neurologic worsening of symptoms.84
Probably through mobilising hepatic copper and
transiently elevating neuronal copper levels.
Penicillamine has an estimated 10-20% risk of
this and therefore should not be given to patients
presenting with neurological Wilson’s disease.8
Neurologic worsening occurred on all three treat-
ments used for Wilson’s disease (penicillamine,
trientine and zinc), but mainly with penicil-
lamine.3! Although not commercially available,
TM does not cause neurologic worsening. Some
authors have recommended TM is used
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in combination with zinc as initial therapy for
neuropsychiatric Wilson’s disease, rather than tri-
entine which is associated with a 20% risk of neu-
rologic worsening.?!

Maintenance therapy

Following adequate initial treatment with a che-
lator, therapy may be continued at a mainte-
nance dose of the chelating agent or zinc.
Trientine is often better tolerated and is often
the preferred chelator over penicillamine.
Surrogate measures indicating when mainte-
nance therapy may begin include a normal serum
free copper concentration, and 24-h urinary
copper in the range of 3.2—-8 pmol/day (200-500
ug/day). Zinc may be preferred over penicil-
lamine or trientine because of its fewer side
effects and it is more selective for removing cop-
per than other trace metals in the body.83!

Pregnancy

Medical therapy must be maintained throughout
pregnancy with cases of acute liver failure being
reported from discontinuation of therapy during
pregnancy.?? Satisfactory outcomes have been
observed in those pregnant with Wilson’s disease
treated with penicillamine, trientine and zinc.
There are some concerns over the teratogenicity
associated with penicillamine, the risks of discon-
tinuing treatment however outweigh those of con-
tinuing it. Reports of birth defects during
treatment for Wilson’s disease are rare making it
difficult to establish a true increased risk in this
population. It is important to note that copper
deficiency is teratogenic and therefore 24-h uri-
nary copper and serum free copper should be
closely monitored during pregnancy.®*

The dosage of zinc is maintained throughout
pregnancy without adjustment; although, chelat-
ing agent doses should be reduced by 25-50%, to
promote better wound healing after pregnancy.83!
Breast feeding under chelation therapy is not rec-
ommended, although little is known about the
safety of trientine and zinc in breast milk.

Regarding contraception, spermicides, barrier
contraceptives and progesterone only prepara-
tions are recommended. Many intrauterine
devices containing copper are relatively contrain-
dicated. Yet the reported absorption of copper
amounts to less than that ingested daily in a

normal diet. Therefore, its contribution may be
considered insignificant.?> The advice to avoid
oestrogen containing contraceptives is from his-
toric articles due to the risk of provoking or
enhancing cholestasis.%

Liver transplantation

Liver transplantation is indicated in those with
Wilson’s disease who present with acute fulmi-
nant liver failure, and in patients with decompen-
sated liver disease unresponsive to medical
therapy (usually assessed after 3 months of initia-
tion).8:31 Given the metabolic defects lie mainly in
the liver in Wilson’s disease, liver transplantation
corrects the underlying problem. Consequently,
oral chelation therapy may be discontinued fol-
lowing transplantation. The 1-year survival fol-
lowing transplantation ranges from 79% to 87%,
with those who survive this early period continu-
ing to survive long term.# Qutcomes are much
better for adults than children and also following
transplantation for chronic liver disease than
acute fulminant hepatic failure. Live donor trans-
plantation is possible in addition to transplanta-
tion of cadaveric donors, even if the donor is a
heterozygous carrier.® Less definite indications
for liver transplantation exist for patients with
severe neurological disease as these are rarely
eliminated. Consequently, liver transplantation
as a cure for neurological disease is not advo-
cated. Furthermore, patients with neuropsychiat-
ric manifestations tend to have poorer compliance
and adherence to medical regimens after liver
transplantation.3!

The future

Future curative treatments for Wilson’s disease in
the form of stem cells or ex vivo modification of
cells by gene therapy, may obviate the difficulty of
immunosuppression associated with current liver
transplantation.® Animal model studies have
shown cell therapy will correct genetic disorders
characterized by organ damage, however suitable
mechanisms for inducing transplanted cell prolif-
eration will be critical for therapeutic success.%”

At present, an effective early diagnostic test for
Wilson’s disease is lacking. The current clinical
practice guidelines for Wilson’s disease, has posi-
tive gene detection as the highest weight in the
diagnosis of the disease.?! Gene detection meth-
ods for Wilson’s disease currently include direct
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gene sequencing and haplotyping. A novel
sequencing technique has been developed
recently which enables sequencing of all exons,
even including the whole genome.%8 In the future,
the diagnosis of Wilson’s disease with genetic
analysis will be more practical and efficient.
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