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Abstract

Wilson disease (WD) is a genetic disorder of copper meta-
bolism caused by mutations in the ATP7B gene resulting in
toxic copper accumulation in several organs. WD can manifest
as liver disease, a progressive neurological disorder, a psy-
chiatric illness, or a combination of these. Other clinical
manifestations can also occur. Diagnosis is challenging and
typically requires a range of biochemical tests, imaging, genetic
testing for ATP7B, and/or liver biopsy. WD is treatable with

chelating agents, such as p-penicillamine and trientine, and/or
zinc salts alongside with dietary copper restriction. Liver
transplantation may be indicated in WD patients with severe
hepatic disease, and cautiously considered in patients with
neurological WD. Treatment success highly depends on patient
adherence and treatment persistence. Therefore, effective
interventions for improving patient adherence and close
monitoring are key for preventing WD progression. In Portugal,
there are no reference centers for WD, and patients are dis-
persed across numerous medical specialists. This review aimed
to summarize the most recent and relevant information for the
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diagnosis, treatment, and monitoring of WD in Portugal, as well
as possible interventions for stimulating adherence to

treatment. © 2024 The Author(s).
Published by S. Karger AG, Basel

Revisao Pratica e Multidisciplinar sobre a Doenca de
Wilson - Perspectiva portuguesa
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Resumo

A doenca de Wilson é uma doenca genética do metabolismo
do cobre, causada por mutagdes no gene ATP7B, que levam a
acumulacao toxica de cobre em diversos 6rgaos. A doenca de
Wilson pode manifestar-se como doenca hepdtica, pertur-
bacao neuroldgica progressiva, doenca psiquidtrica ou como
uma combinagdo destas patologias. Outras manifestacoes
clinicas também podem ocorrer. O diagndstico é complexo e
normalmente requer a combinagao de andlises bioquimicas,
imagiologia, testes genéticos para o gene ATP7B e/ou bidpsia
hepdtica. A doenca de Wilson é tratavel com agentes quel-
antes, como a b-penicilamina e a trientina, e/ou sais de zinco,
em conjunto com uma dieta com baixo teor de cobre. O
transplante de figado pode ser indicado em doentes com
doenca hepdtica grave, e deve ser cuidadosamente consid-
erado em doentes com manifestagdes predominantemente
neurolégicas. O sucesso do tratamento é altamente de-
pendente da adesao do doente e da persisténcia no trata-
mento. Portanto, intervencoes eficazes para melhorar a
adesao do doente ao tratamento, bem como a monitorizacéo
rigorosa, sao cruciais para prevenir a progressao da doenca de
Wilson. Em Portugal ndo existem centros de referéncia para a
doenca de Wilson e os doentes encontram-se dispersos por
numerosos especialistas médicos. Este artigo de revisao
pretende reunir informagao recente e relevante para o di-
agnostico, tratamento e monitorizagdo da doencga de Wilson
em Portugal, assim como possiveis interven¢des para es-

timular a adesdo ao tratamento.  © 2024 The Author(s).
Published by S. Karger AG, Basel

Introduction

Wilson disease (WD) is an autosomal recessive disorder of
copper metabolism, caused by mutations in the ATP7B gene,
which encodes a transmembrane copper transporting
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ATPase, leading to copper overload in the liver, brain, and
other organs [1-4]. WD can present with a variety of
symptoms, making it important for healthcare professionals
to maintain a high level of suspicion for early diagnosis [4-7].

Symptoms of WD can manifest at different ages, more
commonly observed between the ages of 3 and 55 years
old. Liver-related symptoms are more prevalent during
childhood and adolescence, while neurological symptoms
tend to develop later, usually about a decade after the liver
involvement [5, 7, 8].

The global prevalence of WD ranges from 1:29,000 to
1:40,000 individuals, with some wvariation based on
ethnicity [9]. In Spain (mainland), estimated frequencies
of affected individuals with WD are reportedly higher,
ranging from 1:6,278 to 1:16,540 [10]. Moreover, recent
genetic research suggests that the frequency of ATP7B
mutations (associated with WD) is higher than the
reported clinical prevalence, which could be due to
variable clinical presentations, incomplete penetrance,
or the influence of modifier genes [11-13].

In Portugal, there are no reference centers for WD, and
patients are dispersed across numerous medical specialists.
There is also no WD patient association. Data on the
distribution, prevalence, genetic variability, and current
management of WD in Portugal are not available but are
being gathered in a national registry of hepatic diseases.
The registry is coordinated by APEF — Portuguese Asso-
ciation for Study of the Liver and is hosted at www.liver.pt.

This review was elaborated by a multidisciplinary team
of national medical experts (gastroenterology, internal
medicine, neurology, and pediatrics) with large experi-
ence in WD. The aim was to summarize important in-
formation for the diagnosis, treatment, and monitoring of
WD patients in Portugal. It also includes possible in-
terventions for stimulating adherence to treatment. The
ultimate goal of this practical review is to promote the
adoption of appropriate actions for managing WD pa-
tients and to bring awareness on the disease.

Diagnosis

Clinical Manifestations

WD comprehends a wide spectrum of clinical mani-
festations, including liver disease, progressive neurolog-
ical disorders, psychiatric symptoms, or a combination of
these. Other manifestations involving the eyes, blood,
kidneys, and joints can also occur [2, 4-8].

Hepatic symptoms typically manifest during pedi-
atric ages. Liver damage can present in various forms,
spanning from asymptomatic abnormalities in liver
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biochemistry to severe and life-threatening liver failure
[8, 14]. Patients with clinically asymptomatic forms
(3-40%) often exhibit hepatomegaly, discretely ele-
vated transaminases, or are identified through family
screening [15-17].

Acute hepatitis may develop in up to 25% of patients,
presenting with similar symptoms to acute viral hepatitis,
such as jaundice and abdominal pain. Up to 20% of
patients may present acute liver failure, usually associated
with Coombs-negative intravascular hemolysis, coagul-
opathy, progressive encephalopathy, and renal dysfunc-
tion [7, 8, 14].

Chronic presentations of liver impairment en-
compass chronic hepatitis (10-30%) and cirrhosis
(35-60%). Patients may develop cirrhosis-related
complications, including ascites, encephalopathy, re-
nal failure, or portal hypertension [14]. Hepatic
steatosis can also be observed in up to 80% of biopsies
of WD patients [18].

Neurological symptoms typically appear at an older
age than hepatic impairment and comprehend a wide
spectrum of movement disorders. The most common
symptom is dysarthria (46-97%), particularly in the early
stages of the disease. Other symptoms include tremor
(55%), parkinsonism (12-58%), gait abnormalities/ataxia
(28-75%), dysphagia (50%), and chorea (6-30%). Dys-
tonia affecting facial expression and causing involuntary
smiling (risus sardonicus) is characteristic of WD. In most
cases, these symptoms overlap, fluctuate, and can be
aggravated by several factors (e.g., stress, emotions,
general health conditions, concomitant disorders) [7,
19, 20].

Although most WD patients present with psychiatric
symptoms at some stage of the disease, they are present in
10-25% of the patients at diagnosis [7, 21]. In children, it
may manifest as a decline in school performance, inap-
propriate behavior or impulsiveness. In adults, the most
common conditions include mood disorders (depressive
or bipolar spectrum), behavioral or personality changes
(irritability, aggression, and disinhibition), psychotic
disorders, sleep disturbances, and subtle cognitive
dysfunction [21].

In WD, the most typical ophthalmologic sign is the
Kayser-Fleischer ring. This is due to the deposition of
excess copper on the inner surface of the cornea in the
Descemet membrane. Kayser-Fleischer rings can be de-
tected by optical coherence tomography (preferential
method) or slit-lamp examination, which requires an
experienced ophthalmologist. These rings are present in
almost all patients with neurological symptoms, in 50% of
patients with liver manifestations and in 10-30% of
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asymptomatic patients. In children presenting with liver
disease, Kayser-Fleischer rings are usually absent. Ad-
ditionally, sunflower cataract is a rare but also charac-
teristic sign. Notably, Kayser-Fleischer rings and sun-
flower cataract are not associated with impaired vision,
and they gradually disappear with effective treat-
ment [7, 22].

Other clinical symptoms are less common and
result from the multi-organ damage due to copper
accumulation. Hematological manifestations may
include hemolysis, thrombocytopenia, and leukope-
nia. Renal abnormalities comprise tubular dysfunction
(e.g., renal tubular acidosis, aminoaciduria, Fanconi
syndrome) and nephrolithiasis. Cardiac problems
include cardiomyopathy, arrhythmias, and autonomic
dysfunction. Bone demineralization and endocrino-
logical symptoms, such as infertility or repeated
miscarriages, and hypoparathyroidism may be also
observed [23].

Diagnostic Testing

Standard Biology

Laboratory testing should begin with biochemical
liver tests, blood counts, and coagulation parameters
to assess for liver disease and hemolysis. Abnormal
hepatic biochemistry is common in WD, but it is not a
specific feature. Of note, a normal hepatic workup
does not rule out the possibility of liver involvement
(6, 7, 24].

Copper Metabolism Tests

Tests of copper metabolism may include serum ce-
ruloplasmin, serum copper, 24-h urinary copper excre-
tion and liver biopsy for histology, histochemistry, and/or
copper quantification (Table 1). Low serum ceruloplas-
min, usually <10 mg/dL, is indicative of WD. However,
intermediate concentrations of ceruloplasmin, ranging
from 10 to 20 mg/dL, are often observed in patients [6, 7,
14, 25, 26]. This test should be carefully interpreted, as
false positive or negative results can occur due to other
physiological and/or pathological conditions [24, 27-30].

Over 90% of serum copper is bound to ceruloplasmin;
thus, in WD, serum copper is usually low in proportion to
the decrease of this protein in circulation. Only the de-
termination of total serum copper (ceruloplasmin-bound
plus non-ceruloplasmin-bound copper [NCC]) is avail-
able, which is generally <635 pg/L (<10 umol/L) in WD
[24, 34]. However, this parameter is no longer useful in
WD diagnosis.

Urinary copper excretion is negligible in healthy in-
dividuals, while in symptomatic WD patients, it is

Calinas et al.
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typically >100 pg (>1.6 umol)/24 h. A lower threshold of
40 ug (0.6 pmol)/24 h may indicate WD in asymptomatic
individuals or children [6, 7, 25, 31]. When performing
this test, written instructions for conducting 24-h urine
collections should be provided to the patients together
with copper-free containers [6].

The penicillamine challenge test may be helpful in the
diagnosis of WD [35]. This test has only been validated in
a pediatric population, in which 500 mg of D-penicilla-
mine was administered orally at the beginning and after
12 h during the 24-h urine collection period. A clear
differentiation from other liver disorders was found
when >1,600 pg copper/24 h (>25 pmol/24 h) was ex-
creted [7, 25, 35].

Serum exchangeable copper (CuEXC) corresponds to
the labile fraction of copper in serum. The ratio of CuEXC
to total serum copper, called the relative exchangeable
copper, is an excellent diagnostic biomarker with a
sensitivity and specificity close to 100% for the diagnosis
of WD, when its value is >18.5%. This biomarker dis-
tinguishes patients with WD from normal individuals,
simple heterozygotes and patients with other hep-
atopathies [32, 36].

CuEXC is shown to be statistically higher in patients
with extrahepatic involvement than in patients with
hepatic disease; thus, it may be a marker of extrahepatic
involvement and severity. A value >132 pg/L
(>2.08 umol/L) was described by some authors and may
indicate corneal and brain involvement [37, 38]. CuEXC
exhibits promising diagnostic performance and could be
determined if available; however, it is not yet accessible in
Portugal.

Radioactive copper incorporation is a highly sensitive
and specific test for WD; although not commonly
available. A *Cu ratio 24 h/2 h <0.3 and a **Cu ratio 48 h/
2 h <0.395 are diagnostic of WD [39, 40]. New methods
for the determination of the main Cu-species in human
serum applying mass spectrometry technology are also
under development [41].

Liver biopsy is no longer systematically used for es-
tablishing a diagnosis of WD; it should be considered on a
case-by-case basis [24]. Liver biopsy permits the weighted
determination of intrahepatocyte copper and the as-
sessment of the grade of liver injury [6, 31].

Biopsy specimens with adequate size (at least 5 mm in
length) for copper estimation by atomic absorption
spectroscopy should be sent in a dry condition in a
copper-free container [7, 42]. In Portugal, the Toxicology
Laboratory of the Faculty of Pharmacy of the University
of Porto has proven experience in performing this
analysis.
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The copper content in the liver of healthy indi-
viduals is typically <50 ug/g of dry weight. In WD
patients, the copper levels can exceed 250 pg/g of dry
liver tissue [43]. Interpreting the results may be
challenging due to heterogenous copper deposition in
the liver, sampling error, or the presence of other liver
disorders, particularly cholestatic conditions and cir-
rhosis [31, 26].

Histopathological changes in the liver are usually
not specific to WD and can vary depending on the
disease stage. Early and common changes often in-
volve mild steatosis, observed in up to 80% of biopsies
[18]. Histological features classically associated with
chronic hepatitis may be present. In later stages,
progressive parenchymal damage may evolve into fi-
brosis and cirrhosis [44]. Histochemical stains (such
as rhodamine) for copper typically have poor sensi-
tivity and a negative stain does not exclude the di-
agnosis of WD [7, 25].

In clinical practice, converting copper units may be
useful; for this, find the unit converter at www.convertunits.
com/from/grams+Copper/to/molecule.

Imaging

Brain magnetic resonance imaging (MRI) is used for
the differential diagnosis of neurological WD and should
be performed in all patients, including asymptomatic or
with only hepatic manifestations. Additionally, brain
MRI serves as a valuable tool for monitoring progression,
detecting structural abnormalities or changes in the brain,
and predicting outcomes [19]. The recommended brain
MRI sequences include 3D (preferable) or 2D FLAIR,
axial T1, axial T2, axial DWI, axial T2*, and coronal T2
(optional). Important anatomical areas to focus on in-
clude putamen, caudate, globus pallidus, thalamus,
mesencephalon, pons, cerebellum, cortex, and subcortical
white matter [45-47].

Neuroimaging abnormalities are present in more than
90% of patients with neurological WD, in 40-70% of pa-
tients with hepatic WD, and in 20% of presymptomatic
patients [47-49]. The most frequent findings include signal
changes in the basal ganglia, thalami, pons, and white
matter, as well as atrophy. The increased T2 signal in the
midbrain, commonly referred to as the “face of the giant
panda sign” is considered pathognomonic for WD, although
it is present in only 12% of cases [19, 45, 46]. In patients with
abnormal neurological findings, sequential imaging exam-
inations may correlate with progression or recovery [7, 50].

Liver ultrasound should be performed in all patients
with suspected WD, irrespective of their clinical presen-
tation. Hepatic steatosis is the most common finding,
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Table 2. Leipzig score for diagnosis of WD [58]

Typical clinical symptoms and signs
Kayser-Fleischer rings

Present 2

Absent 0
Neuropsychiatric symptoms?

Severe 2

Mild 1

Absent 0
Serum ceruloplasmin

Normal (>20 mg/dL) 0

10-20 mg/dL 1

<10 mg/dL 2
Coombs-negative hemolytic anemia

Present 1

Absent 0

Other tests
Liver copper (in the absence of cholestasis)
>250 pg (>4 pmol/g dry weight) 2
50-249 ug (0.8-4 pmol/g dry weight) 1
Normal: <50 pg (<0.8 pmol/g dry weight) -1
Rhodanine-positive granules® 1

Urinary copper (in the absence of acute hepatitis)
Normal
1-2 x ULN
>2 x ULN
Normal, but >5 x ULNC after D-penicillamined

NN — O

Mutation analysis
On both chromosomes detected
On one chromosome detected
No mutations detected 0

-

Assessment of the WD score

Total score Evaluation

4 or more Diagnosis established

3 Diagnosis possible, more tests needed

2 or less Diagnosis very unlikely

MRI, magnetic resonance imaging; ULN, upper limit of normal.
20r typical abnormalities at brain MRI. PIf no quantitative liver
copper available. “The cutoff of >1,600 ug copper/24 h is more
reliable. 9Penicillamine challenge test is only validated in children.

reported in 35-88% of patients. Signs suggesting cirrhosis
could also be present. Computed tomography or MRI can
also show evidence of liver cirrhosis and portal hyper-
tension [6, 51, 52]. Liver ultrasound is the gold standard for
screening hepatocellular carcinoma, although the occur-
rence of hepatobiliary malignancies is rare in WD [53].
Liver stiffness measurement by transient elastography
should be performed in all adults at diagnosis. A study by
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Paternostro et al. [54] suggested that a liver stiffness mea-
surement value >9.9 kPa accurately identified cirrhosis in
patients with recently diagnosed WD (positive predictive
value: 74%, negative predictive value: 100%). Another study
reported that a liver stiffness measurement of 8.4 kPa could
differentiate advanced fibrosis stages from milder stages [55].

Genetic Testing

The number of known variants in the ATP7B gene,
which exceeds 900, without a clear clinical relationship,
limits the usefulness of genetic tests in routine diag-
nostics. However, sequencing of the entire ATP7B gene is
very important to make the diagnosis in asymptomatic
patients or in the early phases of disease. Genetic testing is
recommended for all patients suspected of having WD
and, importantly, for family screening. In Portugal, it may
take some time to obtain results, so genetic confirmation
should not delay the initiation of treatment [6, 56, 57].
Clinicians should be aware that a genetic diagnosis of WD
should always be corroborated with clinical and bio-
chemical findings, and the absence of two pathogenic
mutations does not exclude a diagnosis of WD [6].

Diagnostic Strategies

No diagnostic test is per se specific for WD; therefore, a
range of tests has to be applied [25]. In symptomatic
patients, the diagnosis could be established when Kayser-
Fleischer rings are present, serum ceruloplasmin is below
the lower limit of normal, and urinary copper excretion is
above 100 pg/24 h (>1.6 pmol/24 h) [58]. Otherwise,
several additional investigations might be required.

Diagnostic scoring systems and algorithms provide a
structured approach to diagnosis. The Leipzig scoring
system for general diagnosis combines key laboratory and
clinical findings and it is validated in adult and pediatric
patients (Table 2) [6, 7, 25, 58-60]. Additionally, several
indices based on standard biochemistries can be used to
establish the diagnosis and prognosis of acute liver failure
due to WD [61, 62].

Algorithms can facilitate diagnosis, but their inter-
pretation should be cautiously performed considering the
limitations. Algorithms for diagnosing WD in patients
with liver disease and/or neuropsychiatric manifestations,
adjusted to the Portuguese medical settings, are presented
in Figures 1 and 2, respectively [7].

Family Screening

Within families, the risk of WD among siblings of an
index case is 25%; while among the progeny, the risk is
0.5% [63]. Therefore, first-degree relatives should be
screened for WD. Family screening should involve a
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Clinically suspected WD
Liver disease

v v

v v

CPN <10 mg/dL CPN <10 mg/dL
24-h urine Cu >80 pg' 24-h urine Cu <80 pg*

CPN >10 mg/dL
24-h urine Cu >80 pg’

CPN =10 mg/dL
24-h urine Cu <80 pg

|

l l

Evaluation of KF rings or
neuropsychiatric symptomsitypical
abnormalities in Brain MRI?

Evaluation of KF rings and
neuropsychiatric symptoms/typical
abnormalities in Brain MRI?

l

Leipzig score >4 |

l i l

[ Leipzig score <4 | ]

/\

Leipzig score >4

| Genetic testing®

H Liver biopsy2? ]

Diagnosis of WD is
established, but it is
recommended [

[~ ]

neurological evaluation |

Leipzig score >4 | |

Leipzig score <4 ]

and genetic confirmation

|

Diagnosis of WD

-~

l

Review of parameters
and methodologies

Diagnosis of WD is
established, but itis
recommended genetic

fIn the absence of acute hepatitis; ZIn the absence of cholestasis; *Depending on clinical presentation and local expertise.

confirmation

Fig. 1. Algorithm for diagnosing WD in patients with liver disease [7, 58]. CPN, ceruloplasmin; Cu, copper; KF,

Kayser-Fleischer; WD, Wilson disease.

clinical examination, routine investigations including
standard biology and copper metabolism tests, and ge-
netic testing for familial ATP7B mutations. For children
of the index case, screening should be performed after
they complete 3 years [6, 7, 24].

Treatment

Adults and children aged >3 years old with WD, in-
cluding asymptomatic patients, should initiate treatment
immediately after diagnosis. In children <3 years old,
timing to treatment should be individualized according to
the degree of organ damage (7, 14].

Currently, lifelong oral pharmacotherapy and dietary
copper restriction are recommended to treat WD. Liver
transplantation, which corrects the underlying hepatic
defect, is also a therapeutic option for WD [7, 64].
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Treatment depends on the disease severity and should
be driven by the drug safety and efficacy in the individual
patient. Initial treatment should include chelating agents
and/or zinc salts. Time to observe a clinical response is
variable, but liver function tests and neurological
symptoms usually begin to improve within 6 months.
After a period of sustained clinical and biochemical re-
sponse, typically at least 2 years, the drugs should be
reduced to the lowest effective dose [7, 14].

Pharmacological Treatment

Chelating agents, such as D-penicillamine and trien-
tine, non-specifically bind to copper in the body, facili-
tating its urinary excretion [65-67]. Trientine also che-
lates copper in the intestinal tract, thereby preventing its
absorption [66-68]. Zinc salts reduce the absorption of
copper from the gastrointestinal tract (Table 3) [69,
70, 71].
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Clinically suspected WD

Neuropsychiatric symptoms or typical
abnormalities at brain MRI

I

CPN <20 mgldL
24-h urine Cu >40 yg

CPN >20 mg/dL
24-h urine Cu >40 pg

CPN >20 mg/dL
24-h urine Cu <40 pg

], |
/\

¥ ¥
| |
v v D v v 13
CPN 10-20 or =20 mg/dL CPN <10 mg/dL

CPN <10 mg/dL
24-h urine Cu <40 pg

24-h urine Cu =40 pg 24-h urine Cu =40 pg

[ Hepatic Cu>250 pgsg | [ Hepatic Cu<250 pgig |
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Fig. 2. Algorithm for diagnosing WD in patients with neuropsychiatric manifestations [7, 58]. CPN, cerulo-
plasmin; Cu, copper; KF, Kayser-Fleischer; WD, Wilson disease.

D-Penicillamine is the most used therapy for WD [6,
14, 25, 72]. Hepatic improvements are observed in pa-
tients under D-penicillamine, but its efficacy in neurologic
WD is less satisfactory [73, 74].

D-Penicillamine carries numerous adverse effects,
which may lead to prompt drug discontinuation in up to
30% of patients [6, 75-77] (Table 3). Paradoxical wors-
ening of neurologic symptoms may occur at the onset of
treatment, affecting 10-20% of patients with pre-existing
neurological symptoms. This adverse reaction has also
been observed with other anti-copper therapies (e.g.,
trientine, zinc) and can be mitigated by gradually titrating
the doses [6, 75-77]. Oral D-penicillamine is rapidly but
incompletely absorbed [75].

Trientine is effective for WD with fewer adverse reactions
than D-penicillamine (Table 3) [78, 79]. Trientine, in the form
of dihydrochloride or tetrahydrochloride salt, is commonly
used in patients who are intolerant to D-penicillamine or at
increased risk of adverse effects and it is now becoming a
preferred treatment for WD [14, 25, 66, 67, 78, 80].

The recently available trientine tetrahydrochloride
formulation has demonstrated efficacy comparable to

Review on Wilson Disease

that of the dihydrochloride salt and has shown good
tolerability [81, 82]. Trientine tetrahydrochloride has also
shown non-inferior efficacy to D-penicillamine when
used as oral maintenance therapy in WD [83]. Trientine
tetrahydrochloride is characterized by more favorable
pharmacokinetics (increased systemic exposure) com-
pared with the dihydrochloride salt, resulting in a reduced
pill burden [84, 85]. The tetrahydrochloride form is a
more stable salt of trientine that can be stored at room
temperature [82].

Zinc is not recommended as a first-line treatment in
symptomatic forms but can be used in presymptomatic or
asymptomatic forms and for long-term maintenance
therapy after optimal decoppering with chelators [24, 70].
Zinc has demonstrated good efficacy in WD, particularly in
patients with neurological manifestations and in asymp-
tomatic siblings. However, its effectiveness may be reduced
in case of symptomatic liver disease [86]. If zinc is used,
careful monitoring of transaminases is necessary [25].

The most common side effect of zinc is gastric irri-
tation (Table 3). Different zinc salts (sulfate, acetate,
gluconate) can be used; however, acetate salts are
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associated with a lower incidence of gastric side effects [7,
14, 25].

Antioxidants, such as vitamin E, vitamin C,
N-acetylcysteine, and curcumin, have been proposed as
adjunctive treatment. However, no benefit has been de-
finitively proven [7]. When combining treatments, it is
important to assess the potential drug interactions. For
this, online websites such as https://www.drugs.com/
interaction/list/ can be consulted.

Currently, clinical trials are being conducted to in-
vestigate the safety and efficacy of adeno-associated virus
(AAV) curative gene therapy for WD [87, 88].

Dietary Copper Restriction

Dietary copper restriction is an essential part of the WD
treatment, and a low-copper diet is advised in combination
with pharmacological treatment, especially during the
initial treatment phase or until liver function tests nor-
malize. Foods high in copper, such as liver and shellfish,
should be avoided. Patients should avoid consuming water
from copper pipes or vessels and preparing food with
copper cookware [6, 7, 89, 90]. After the initial treatment
phase, the decision to continue dietary copper restriction
may be revised taking into consideration the response to
treatment, adherence, and impact on quality of life [6].
Seeking guidance from a dietitian experienced in managing
WD can be highly beneficial for obtaining personalized
advice on dietary copper restriction, meal planning, and
suitable alternatives to copper-rich foods [6, 7].

Liver Transplantation

In WD, orthotopic liver transplantation (OLT) should
be considered in adult and pediatric patients with acute
liver failure, end-stage liver disease, hepatocellular car-
cinoma, or disease progression, despite adequate chelating
therapy [6, 7, 25, 91]. Acute hepatic WD may be present in
up to 20% of WD patients with hepatic presentations and
can rapidly progress to hepatic failure, often necessitating
emergency liver transplantation. It is predominantly
observed in young patients and is typically characterized
by moderately elevated aminotransferases and high bili-
rubin to alkaline phosphatase ratio, along with Coombs-
negative hemolytic anemia and encephalopathy. Acute
hepatic WD may also occur in patients who were pre-
viously treated but stopped their medications [6, 25].
Longitudinal assessment with a prognostic scoring system
may facilitate the decision to transplant patients. The New
Wilson’s Index, based on bilirubin, INR, aspartate ami-
notransferase, white blood cell count, and serum albumin,
accurately predicts survival without OLT, indicating a
poor prognosis when the score is > 11 [62, 92].
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In patients with neurological WD, OLT might be
cautiously considered. Results from a recent systematic
review encourage OLT in severe neurological patients not
responding or getting worse with anti-copper treatment;
however, it is still uncertain which patients with neu-
rological impairment benefit most from OLT and when is
the optimal timing for OLT [93]. The Unified WD Rating
Scale (UWDRS) score is used in the evaluation and se-
lection of neurological patients for transplantation [94].

Monitoring

Patients should be regularly monitored to confirm
treatment efficacy, ensure therapy adherence, and early
identify adverse effects [7, 25]. The frequency of follow-
up clinical examination is variable, depending on the
disease severity. In general, a clinical examination should
be performed every 15 days for the first 3 months of
treatment; every 3 months for the first year; and every
6 months when therapeutic objectives are met. Patients
should be also examined at each dose change and when
clinically indicated [7, 25].

Follow-up should include clinical assessment, com-
plete blood count, liver function tests, coagulation profile,
renal function, bone profile, serum ceruloplasmin, serum
copper and urine tests, including 24-h urine copper and
urine dipstick [6, 7, 25]. Monitoring of disease pro-
gression and neurologic response to treatment could be
facilitated by using rating scales, such as the Unified
Wilson’s Disease Rating Scale [95] and the Global As-
sessment Scale for Wilson disease [96, 97].

Brain MRI and Kayser-Fleischer rings examination
should be done in patients with brain or ocular in-
volvement at baseline, before and during treatment to
evaluate response, and in case of any worsening. Fading
or disappearance of Kayser-Fleischer rings may be ob-
served in adequately treated patients [7, 22, 25].

Liver stiffness measurement (hepatic elastography
[FibroScan®]) and non-invasive biological tests for fi-
brosis (FibroTest, APRI, etc.) could be repeated to
monitor the evolution of fibrosis [54, 98]. Hepatocellular
carcinoma screening by a 6-monthly ultrasound should
be considered in cirrhotic patients [53].

The biochemical response to treatment should be
monitored at least annually by 24-h urine copper output
and NCC (Table 4), which is estimated using the fol-
lowing formula: NCC [pg/dL] = total copper [ug/
dL] - 3.15 x ceruloplasmin [mg/dL]. Estimated NCC may
not accurately reflect real free copper [6, 7, 99, 100];
however, new methods are being developed to directly
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Table 4. Biochemical targets for the different treatments of WD [6, 7, 14, 99, 100, 102]

Drug Treatment  Maintenance treatment Overtreatment Treatment failure on chronic
initiation therapy
24-h urine  24-h urine copper, ug/ NCC, AST, ALT 24-h urine NCC, 24-h urine NCC, AST,
copper 24 h ug/dL copper, ug/ pg/dL  copper pg/ pg/dL  ALT
24 h 24 hb
On Off
treatment treatment®
D- t ~200-500 12-40 5-15 Trend to
Penicillamine normal
Trientine 4 ~150-500 12-40 5-15 Trend to <100 >500' ' >15 )
normal <5 (previously in
range)
Zinc salts No change, ~25-75 - 5-15 Trend to <25 >75 >15 4
then § normal (previously in
range)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; NCC, non-ceruloplasmin-bound copper. @Forty-eight hours off

treatment. PPersistently increase in 24-h urine copper values.

measure NCC, e.g., using anion exchange chromatog-
raphy coupled to inductively coupled plasma mass
spectrometry [101]. CuEXC could be an alternative as
soon as it becomes available in Portugal.

Serum aminotransaminase normalization is a good
marker of effective treatment, and it positively correlates
with the maintenance of 24-h urine copper excretion
(Table 4). Treatment safety should be monitored by
checking blood cell counts, iron status, proteinuria, and
renal function [6, 7, 14, 25].

Measuring copper indices on treatment can be highly
informative, although results must be judged in relation to
the drug, drug dose, and stage of treatment. Moreover, results
from treatment collections can be misleading in patients who
do not adequately adhere to treatment. Therefore, a col-
lection after a 48-h washout period (off treatment) should be
considered during maintenance treatment [6, 7].

Adherence to Treatment

Long-term effects of treatment are largely dependent
on patient adherence to the treatment recommendations
and treatment persistence (continuation in drug use)
[103]. Low adherence leads to progressive worsening of
the clinical condition, and treatment discontinuation can
lead to severe organ injury and even death [104, 105]. In
fact, a retrospective study demonstrated that clinical
improvement or disease stabilization was noted in almost
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98% of persistent patients, whereas clinical worsening was
observed in 52% of non-persistent patients [106].

Diverse factors influence patient adherence and per-
sistence, including the phenotypic presentation, disease
severity, and the delayed manifestation of symptoms after
treatment discontinuation [104, 107]. The treatment
duration, posology (e.g., single vs. multiple doses, number
of pills), drug characteristics (e.g., pill size), and safety
profile, as well as the mode of acquiring the medication
(in hospital pharmacy) and associated costs are also
important factors [104, 107, 108]. Furthermore, family
support is fundamental to stimulate patient adherence
and treatment persistence [106].

Treatment adherence can be monitored by direct and
indirect methods. Direct methods consist of the determi-
nation of hepatic biochemistry, 24-h urine copper on
treatment and off treatment, 24-h urine zinc and serum
copper, both on treatment, and clinical monitoring using
rating scales. Indirect methods include patient/caregiver
interview and clinician assessments (e.g., using the Morisky
scale), monitoring of medication refills, pill counts, and
patient self-evaluation on treatment adherence [109].

Non-adherence could be very challenging and should be
suspected in patients with abnormalities or great oscilla-
tions on the laboratorial measurements and/or failing to
achieve treatment targets, and/or when there is a re-
appearance of Kayser-Fleischer rings after their previous
resolution, an erratic attendance for follow-up appoint-
ments and/or irregularity in getting prescription refills [7].

GE Port ] Gastroenterol 2025;32:78-94 89
DOI: 10.1159/000541208


https://doi.org/10.1159/000541208

A well-defined treatment plan gradually implemented
and adapted to the patient’s lifestyle and conditions, with
regular clinical and biochemical assessments, and a
broadly supportive team-based approach, involving the
patient family, are good interventions to improve ad-
herence [7]. The posology of the current treatments still
challenges patient adherence; nevertheless, some small
studies have reported promising results of a single daily
dose for treating WD [110, 111].

Conclusion

WD is a genetic disease of copper metabolism, asso-
ciated with a multitude of non-specific and highly vari-
able clinical manifestations, which demands a high index
of suspicion for prompt diagnosis. A structured approach
employing several biochemical tests, imaging, genetic
testing for ATP7B and/or liver biopsy is usually con-
sidered for the diagnosis of WD. Chelating agents and
zinc salts are effective pharmacological options for WD as
long as patients adequately adhere and persist on treat-
ment. Liver transplantation is indicated for patients with
severe hepatic manifestations and should be cautiously
considered in patients with neurological WD. Close
monitoring and effective interventions for improving
patient adherence to treatment are fundamental for
preventing the progression of WD.

In Portugal, there are no reference centers for WD, and
patients are followed by various medical specialists.
Therefore, the knowledge and adoption of evidence-
based actions by clinicians are of utmost importance
for the appropriate management of WD patients. Data
gathered in the National Registry of Liver Diseases will
also shed new light on patients’ characterization and
current management, potentially serving as a starting
point for scientific decisions and collaborations that will
ultimately benefit WD patients.
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