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Abstract: Wilson’s disease (WD) is a potentially fatal disorder of chronic copper toxicity, primarily affecting the
liver and the brain. Judicious treatment can restore health and longevity, even in patients with severe
neurological impairment. However, the disease is associated with considerable morbidity and mortality resulting
from delay in diagnosis, and difficulty in pacing the medical treatment. In this article, we briefly review the
diagnosis and treatment options for WD and share our experience in managing patients with WD. We focus on
decoppering (copper chelation) treatment of WD and outline pragmatic strategies for patient management
designed to recognize and minimize adverse effects while ensuring treatment compliance and effectiveness.

Wilson’s disease (WD) is a rare inherited multisystemic disorder
of chronic copper toxicity, resulting from the inability of the
liver to excrete excessive dietary copper into bile. The disease
manifests in children and young adults with liver, brain, or
ossecomuscular impairment. It is relentlessly progressive and
without treatment (decoppering or liver transplant [LT]),
patients die from progressive liver failure or severe neurological
disability." The introduction of safe and effective oral copper
chelators (penicillamine and trientine), and the demonstration of
benefit of treating presymptomatic individuals (those who have
WD mutations, but, as yet, have not developed symptoms), has
changed the prognosis for the disease.”> Currently, with judi-
clous decoppering, presymptomatic patients with WD can
remain symptom free, liver disease can be stabilized, and even
patients with neurological disability can recover and live normal
and productive lives at par with their peers.®”

However, WD continues to be associated with considerable
morbidity and mortality as a result of the twin challenges of
diagnosing the disease in time, and pacing the treatment to bal-
ance effectiveness and treatment-related adverse effects (AEs).

In the post-treatment era, failure to diagnose WD in time is
the leading cause of death from the disease.*” Often, families
witness death of one or more child from WD before the disease
is diagnosed in an asymptomatic (presymptomatic) sibling.'’
Studies from various parts of the world suggest that diagnosis of
WD is often delayed by several years. The major impediments
to a timely diagnosis are unfamiliarity with the disease due to its

rarity, clinical heterogeneity, innocuous initial symptoms, and
lack of an investigation that could reliably confirm or refute its
diagnosis.'' ¢

The two main approaches to treating WD are decoppering
(i.e., removing excess copper deposits from the body and pre-
venting its reaccumulation), and LT, which is performed in cases
of rapidly progressive liver failure. Initial reports after introduc-
tion of the decoppering agent, penicillamine, established that it
was safe and could restore health, as well as reverse even severe
neurological disability."” These clinical outcomes were later repli-

1,18,19 .
However, over the years, use of penicil-

cated for trientine.
lamine and (to a lesser extent) trientine has fallen into disrepute
primarily because of the risk of neurological worsening that is
sometimes observed after initiation of treatment and because of
uncommon drug-induced immunological AEs.*”'"2" A school
of thought has emerged that considers the risk of neurological
deterioration from decoppering to be greater than that of disease
progression, which has encouraged potentially inadequate decop-
pering. This fear of using decoppering medications in recom-
mended doses is often grounded in lack of individual experience
in managing patients with WD (given the rarity of the disease),
lack of laboratory or imaging support in guiding the pace of dec-
oppering, and difficulty in rationalizing treatment-related neuro-
logical worsening to anxious parents who have possibly already
lost a child to WD.

It can also be a challenge to ensure compliance with medica-

tions in the presence of disease-related cognitive and behavioral
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problems. Defaulting on medications is especially an issue in
presymptomatic patients and those whose symptoms have
remitted, for whom the motivation to take medications wanes
as missing doses for days, weeks, and then months does not
seemingly cause any harm. It is at this phase, however, that the
disease may resurface with rapid liver failure with little time for
intervention. Therefore, administering treatment to balance
effectiveness and AEs, as well as to ensure compliance, requires
vigilance and disease monitoring.®*""*

In this review, we share our experience in managing over 100
patients with WD, including many with severe WD-related
neurological disability. We focus on decoppering treatment
and outline techniques for effective monitoring and pacing of

treatment.

Recognizing WD

WD is caused by homozygous or compound heterozygous muta-
tion(s) in the ATP7B gene, and genetic analysis is the confirma-
tory test for the disease. However, until recently, mutational
analysis remained an impractical diagnostic tool because there are
over 600 mutations described and new ones continue to be
reported.” In the last few years, development of rapid whole-
gene sequencing has made it possible to reliably identify ATP7B
mutations in over 98% of patients examined.”***However, this
process is still expensive for confirmatory diagnosis in individual
patients. Interestingly, despite marked genetic heterogeneity,
population studies show clustering of ATP7B gene mutations
within particular subregions of the gene in a given population,
with one or a few high-frequency mutations dominating®* **
(Table 1). Therefore, various research groups are developing
DNA chips to detect these high-frequency, population-specific

WD mutations. Once commercially available, such DNA chips
could allow for rapid confirmation of WD in a patient and help
screen the patient’s siblings for the disease.

Currently, diagnosis of WD is based upon a number of clini-
cal features and laboratory tests. There are two disparate faces of
symptomatic WD. The first is that of a child with liver failure
who presents in the first two decades of life. The second form
of the disease is a young adult who presents with extrapyramidal
syndrome or cognitive or behavioral problems with subclinical
or clinical liver cirrhosis. Although the initial symptoms of the
disease are often innocuous, evidence of unexplained liver,
brain, or osseomuscular dysfunction in the patient or their fam-
ily members helps establish the multisystemic nature of the dis-
order and greatly narrows the differential diagnosis (Table 2).
The characteristic Wilson facies, Kayser-Fleischer rings (KF),
and the familial nature of the ailment are clinical diagnostic
clues to the disease.®*>*

Clinical suspicion of WD is supported by a finding of low
serum ceruloplasmin, raised 24-urinary copper excretion, and,
in select patients, a high liver-copper content. However, all of
the available laboratory tests have diagnostic limitations and test
results need to be interpreted with caution. There is currently
no imaging modality to view copper. MRI brain though reveals
changes secondary to copper deposition. Whereas the pattern of
symmetrical brain stem and basal ganglion involvement is com-
mon in WD (Fig. 1), it is not specific to the disease. The
American Association of Liver Disease guidelines and the WD
diagnostic scoring system proposed by Ferenci et al. provide
useful diagnostic algorithms. *>*

Once WD is diagnosed in a patient, it is imperative to screen
all of their siblings. Unless WD is reliably confirmed in the
siblings, they should be tracked well into adulthood.

TABLE 1 Clinical Clues to WD in a Patient With Initial Neurological Symptoms

General Examination Child or Young Adult

Sunflower cataract

Movement disorders

Cognitive or behavioral problems

Accompanying liver disease

Accompanying osseomuscular involvement
fractures

Family history Family history of WD

Wilson facies: pseudolaughter, facetious smile, open mouth, dull look, hypersalivation
Kayser-Fleischer rings

Early-onset dysarthria or oromandibular dystonia

Mixed movement disorder: any combination of dystonia, tremor, parkinsonism,
chorea, or myoclonus

Movement disorder with cerebellar signs

Movement disorder with cognitive or behavioral problems

Behavioral problems: emotional lability, running amok, hypersexuality, impulse control
disorders, psychosis, depression, or attempted suicide
Drop in scholastic grades or work performance

History of liver disease in childhood (fleeting jaundice, incidental unexplained abnormal liver
function tests, or unexplained hemolytic anemia)

Abnormal liver function tests

Liver cirrhosis on abdominal ultrasound

Thrombocytopenia or pancytopenia (from liver-cirrhosis-related hypersplenism)

Coombs-negative hemolytic anemia (from sudden release of toxic free copper into blood)

Proximal lower-limb muscle weakness, bone pains, arthralgias, arthritis, or nontraumatic

Unexplained deaths in the family

Unexplained jaundice in children or young adults in the family
Unexplained neurological disease in children or young adults in the family
Unexplained miscarriage(s)
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TABLE 2 High-frequency ATP7B mutation spectrum in various world populations

Country Sample Size (n)  Nucleotide/Amino Acid Change  Exon Domain Allele Frequency (%)'  Reference
Austria 125 p.H1069Q 14 SEPHL 34 Ferenci®®
p.G710S 8 6
€.2299insC 8 4
p.R969Q 13 4
Bulgaria 89 p.H1069Q 14 SEPHL 59 Todorov et al.?’
€.2304-2305ins C n
€.3400delC 4
Hungary 42 p.H1069Q 14  SEPHL 43 Firneisz et al.?®
Germany 82 p.H1069Q 14 SEPHL 63 Caca et al.?®
€.3400delC 15 9
c.2299ins C 8 4
Poland 142 p.H1069Q 14 SEPHL 72 Gromadzka et al.*®
c.3402delC 15 8
Brazil 36 p.H1069Q 14 SEPHL 37 Bem et al.**
p.Alal135GInfs 15 n
p.Trp779Stop 8 9
p.Met769HisfsX26 8 9
p.P1273L 18 6
Greece 24 p.H1069Q 14 SEPHL 29 Loudianos et al.>°
Sardinia 46 c.-441/-427del 5'UTR  Promoter 61 Loudianos et al.*®
c.2463delC 10 Td 9
p.V1146M 16 ATP loop 8
Turkey 46 p.H1069Q 14 SEPHL 17 Simsek Papur et al.®'
p.G710S 8 Tm2 5
UK 42 p.H1069Q 14 SEPHL 17 Curtis et al.5”
p.M769V 8 Tm4 8
181 p.H1069Q 14 SEPHL 19 Coffey et al.®®
p.M769V 8 6
Japan 47 c.2871delC 13 16 Okada et al.*®
p.R778L 8 Tm4 13
China 40 p.R778L 8 Tm4 Gu et al!
44 p.R778L 8 Tm4 Wu et al.®?
11 p.R778L 8 Tm4 50 Geng et al.*
13 p.P992L 13 14
Korea 120 p.R778L 8 Tm4 40 Park et al.
p.A874V n Td 8
p.N1270S 18 ATP hinge 7
India 52 p.C271* 2 Cu3 20 Aggarwal et al.?*
p.E122fs 2 Cul n
p.L795F Tm4/Td 6
p.T977M Tmé 6
27 p.C271* 2 Cu3 ~9 Santhosh et al.*?
p.G1061E 14 ATP N-binding ~9
199 p.C271* 2 22 Mukherjee et al.®®
p.G1061E 14 ATP N-binding 15
c.G1708-1G>C 4 Cué 10
p.A1241V 18 NBD 7
p.E150H-fs 2 Cu2 5
664 c.448_452del5 2 cul 6 Gupta et al.>®
43 p.11102T 15 ATP loop 6 Kumar et al.*”
p.P922H 13 Tmé 6
p.P922% 13 Tmé 6
p.G1010A-fs 13 Tmé 6
Iran 65 ¢.3061-1G>A 14 Phosphorylation 6 Dastooz et al.*®
p.M769C-fsX38 8 3
P.W779G 8 3

'Allele frequency is rounded to the nearest percentage for consistency.

Treatment of WD

Goal of Treatment

The goal of WD treatment is to chelate excessive copper that
has accumulated over the years as well as prevent ongoing
copper deposition. Both presymptomatic and symptomatic
patients need lifelong decoppering’ (Table 3).

With

remain symptom free, whereas symptomatic patients recover

adequate  decoppering, presymptomatic  patients

(see accompanying Videos 1 and 2). Clinical neurological
recovery is associated with improvement on brain imaging

(Fig. 1). With treatment, KF rings and sunflower cataracts
disappear and there is clinical, biochemical, and histological

improvement of liver function.®*** Well-treated patients

conceive and normal can be

18,49,50
d.

can pregnancy outcomes

expecte People with one ATP7B mutation and one
normal ATP7B allele do not have WD and do not require
treatment.

In the initial phase of treatment, decoppering has to be inten-
sive to remove accumulated copper. Once the body copper bal-
ance has normalized, decoppering dosage can be significantly
lowered to levels sufficient to prevent daily dietary copper gain

. . . . . 6
resulting from impaired biliary copper excretion.”
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FIGURE 1 Serial MRI scans of a 22-year-old patient with WD after
16 years of irregular treatment, demonstrating typical MRI changes
associated with WD and change in MRI abnormalities with super-
vised decoppering. (A) MRI scan at age 22 years. Axial T2W MRI
brain scan through the (a) pons, (b) midbrain, and (c) basal ganglia,
showing symmetrical hyperintensities in middle cerebellar pedun-
cles, brainstem, striatum, globus pallidus, and thalami. In the mid-
brain (b), the hyperintense signal of the white matter tracts shows
the gray matter in relief. The midbrain therefore resembles the
“face of the panda” with the substantia nigra, red nucleus, and
periaqueductal gray matter reminiscent of the ears, eyes, and
mouth, respectively, of the panda. Axial susceptibility-

weighted imaging (SWI) through the midbrain (d) and basal ganglia
(e) show minimal susceptibility in the corpus striatum. (B) Follow-up
MRI scan taken after 13 months of supervised decoppering and
substantial recovery of neurological disability (see Fig. 4). As com-
pared to the initial scan (A), axial T2-weighted MRI images through
the (a) pons, (b) midbrain, and (c) basal ganglia show regression in
hyperintense signal and atrophy of cerebellum, brainstem, striatum,
globus pallidus, and thalami. Axial SWI through the midbrain (d)
and basal ganglia (e) show increased susceptibility and atrophy of
the corpus striatum.

Treatment Arsenal

Presently, penicillamine (D-penicillamine) and trientine (triethy-
lenetetramine) are the two oral copper chelators available for
treatment of WD. Both drugs are safe and effective and may be

1,19,47 - .
7% Penicillamine has been

used lifelong in patients with WD.
used worldwide for a long time and has the most associated
clinical data. The drug is widely available and atfordable. In
contrast, trientine is manufactured only in the United States and
UK and has to be imported by other countries. Trientine’s
short shelf life and the need to store it at low temperatures add
to the cost of therapy. Though there are no systematic head-to-
head comparisons between the two drugs, trientine may have
some advantage over penicillamine in being less immuno-
genic.” Pragmatically, the choice of decoppering drug is
dictated by its availability.

Penicillamine and trientine form the mainstay of treatment of
WD during both the initial intensive decoppering and the
maintenance phases of treatment. Other treatment options
include British antilewisite (BAL), ammonium tetrathiomolyb-
date, zinc, and LT. BAL (dimercaprol) is administered intramus-
cularly in multiple weekly injections and is associated with
considerable toxicity and a rapidly waning decoppering effect

TABLE 3 Goal of treatment of WD
Symptomatic patient

Restore normalcy
(reverse neurological disability +
stabilize liver disease) +
ensure continued normalcy

Presymptomatic patient Prevent symptom onset

First-degree family
members of patient
with WD

Rule out WD by mutational analysis.
In the absence of genetic testing,
track family members well into
adulthood (preferably biannually)
for clinical or laboratory evidence
of WD.

on continued use. Therefore, though BAL was the first copper
chelator developed for treatment of WD, it has been largely
replaced by the two sater, more efficacious oral copper chela-
tors. Recently, there has been some renewed interest in using
the drug briefly for initial rapid decoppering in patients with

. 6,51
severe neurological WD."”

Ammonium tetrathiomolybdate is
a promising copper chelator with few known AEs, but it is not,
as yet, available commercially. Zinc may be used in presymp-
tomatic patients and during the maintenance phase of treatment
of symptomatic patients. However, zinc does not chelate copper
and may not be adequate as monotherapy in the initial intensive
decoppering phase of treatment in symptomatic patients (see
combination therapy below)."* LT cures WD by restoring
normal biliary copper excretion. Patients with transplanted liver
do not require copper chelation, but they do need to take life-
long immunosuppressants to prevent rejection of the trans-
planted liver. LT is a valued treatment option in patients with
rapidly progressing liver disease and may be considered in
patients with neurological disease intolerant to medical treat-
ment.>> Catana and Medici®® and Guillaud et al.”® have

reviewed the current status of LT for treatment of WD.

Treatment Strategy

The strategy for decoppering is to ‘“‘start low and go slow”
(Tables 4 and 5). In the initial intensive decoppering phase of
treatment in symptomatic patients, penicillamine is initiated in
doses of 125 or 250 mg/day and doses escalated by 250 mg every
2 to 3 weeks to a maximal dose of up to 1.0 to 2.5 g/day.”>*
Because food decreases the bioavailability of penicillamine, the
drug must be administered while fasting (shifting drug intake away

. 55,56
from meal times).”””"

In our experience, twice-daily dosing is
effective and facilitates compliance. The dosing schedule of trien-
tine is similar to penicillamine, and doses up to 1.0 to 2.4 g/day
have been used.'®®” The dosing schedule and AE profile of peni-

cillamine and trientine are outlined in Table 6 "*%¢ (

see Figs. 2
and 3; see accompanying Video 3). Penicillamine is usually sup-
plemented with pyridoxine. Zinc supplementation is not required
during initial decoppering. Iron or calcium supplements are best
avoided during the intensive decoppering phase of treatment.’
Intolerance to both penicillamine and trientine is rare. Treatment
options in such patients include brief intensive courses of BAL
with drug-free intervals to prevent tachphylaxis, ammonium

tetrathiomolybdate, or LT.
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TABLE 4 Dos and don’ts of WD treatment

Intervention Recommendation

Drinking bottled water Not necessary

Strict copper-free or low-copper diet Not necessary

Combination of zinc and To be avoided

decoppering (penicillamine/trientine)

Large initial or rapid escalation To be avoided

of decoppering

Administering penicillamine and Essential

trientine away from meal times

Supplementation of zinc during
penicillamine or trientine therapy

Not necessary

Supplementation of iron or calcium To be avoided

during penicillamine or trientine therapy

Essential

Lifelong decoppering

TABLE 5 Measure to aid treatment compliance

Counseling the patient and the caregivers about the
necessity of compliance and warning them about the
dangers of noncompliance

Designating a caregiver to administer decoppering drugs
at a fixed time
1. In all children
2. In all patients with cognitive and behavioral problems
3. In all symptomatic patients during the intensive
decoppering phase of treatment
4. In all patients who have repeatedly defaulted on treatment

Administering decoppering drug at most twice-daily to aid
compliance with fasting

Questioning caregivers and patient about compliance
during every visit

Tracking the GAS for WD scores for noncompliance
related worsening

Periodic 24-hour urinary copper excretion and serum free
copper assessments in patients on maintenance treatment

Scheduling bi- or triannual follow-up visits in asymptomatic
patients to ensure patients are not lost to follow-up

Tracking patients lost to follow-up

Encouraging interaction among patients

A worrisome problem encountered in some patients soon
after initiation of decoppering is the worsening of neurological
signs. This is described most often after treatment with penicil-
lamine, but is also observed with use of alternative treatments,
including LT."® The occurrence of decoppering-induced
neurological worsening cannot be predicted and is observed in
10% to 22% of patients receiving penicillamine, with an inci-
dence as high as 52% having been reported. Most studies and
our experience have shown that, except in a minority of
patients, neurological worsening reverses with continued treat-
ment or temporary interruption of therapy without long-term

6.7,17,20
consequences (

see accompanying Video 3).

The maintenance phase of decoppering in symptomatic
patients is initiated once excessive body copper deposits have
been depleted. This is heralded by neurological recovery and
stabilization of liver impairment. In the maintenance phase of
decoppering, dosages of penicillamine or trientine may be
reduced to 500 to 1,000 mg/day (administered in one or two
divided doses during the day).®*’

Zinc inhibits intestinal absorption of copper and has been used

as a stand-alone drug in the maintenance phase of treatment. Zinc

salts containing 50 mg of elemental zinc are administered two to
three times a day, while fasting. Gastritis is common and often
limits the dose of the drug.*>*” Although zinc salts have no major
adverse effects and are inexpensive, they may be insufficient to
prevent ongoing copper toxicity. Therefore, patients should be
tracked for clinical worsening. Reappearance of KF rings or other
signs of WD should prompt discontinuation of zinc therapy and
reintroduction of penicillamine or trientine.

The combination of zinc with either penicillamine or trien-
tine presents significant dosing issues, and, in our experience,
such a combination should be avoided. Both the decoppering
drugs can potentially chelate zinc, reducing the bioavailability of
the decoppering drug as well as that of zinc.**” Therefore,
during combination therapy, the administration of the decop-
pering drug and zinc have to be spaced widely apart.*” This
poses compliance issues because penicillamine and trientine as
well as zinc need to be administered in multiple doses and
while fasting. Furthermore, the combination of trientine and
zinc can induce serious sideroblastic anemia.>®

Presymptomatic patients are treated with oral copper chela-
tors in doses similar to those administered in the maintenance
phase of therapy in symptomatic patients. Zinc may be used as
a stand-alone drug with careful clinical monitoring (see above).®

Diet and Adjuvant Therapy

Copper is common in water supplies and foods, and dietary
copper restriction is not sufficient to prevent copper accumula-
tion in patients with WD. In the initial intensive phases of dec-
oppering in symptomatic patients, it is advisable to avoid foods
rich in copper, such as chocolates, nuts, mushrooms, liver, and
shell fish. These dietary restrictions may be relaxed once symp-
toms regress.”” Bottled water is recommended if the copper

60
However, most

content of potable water is over 0.1 ppm.
municipal water supplies have low copper and assessment of
copper levels is not typically necessary.*®

Patients with impaired swallowing benefit from early elective
insertion of a percutaneous endoscopic gastric feeding tube. Hy-
persalivation improves with anticholinergic drugs and botulinum
toxin administered in parotid glands. Control of hypersalivation
also helps improve speech and decreases microaspiration.

Use of adjunctive therapy to relieve various movement disor-
ders or behavioral problems associated with WD has not been
systematically studied and is based largely on individual experi-
ence. Levodopa/carbidopa has been used with varying success
in relieving parkinsonism.® In our experience, in patients for
whom L-dopa/carbidopa is eftective, small to moderate doses
suffice to alleviate WD-related parkinsonism and larger doses do
not increase effectiveness or afford additional benefit. Because
pyridoxine decreases the bioavailability of 1-dopa, the two drug
doses need to be spaced apart. Various drugs, such as anticholin-
ergics (often in high doses), L-dopa/carbidopa, gabapentin, anti-
spasticity drugs, and beta-blockers, have been used for treatment
of dystonia, rigidity, or tremor in patients with WD, but their
benefits are limited.>*"*> Associated parkinsonism and behav-

ioral problems contraindicate use of dopamine blockers and
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FIGURE 2 Penicillamine-induced generalized pruritic erythema-
tous maculopapular rash in a 13-year-old boy with WD (GAS for WD
tier 1 scores: L3 C3 M2 00). The rash developed after up-titrating
the penicillamine dose to 750 mg/day, 4 weeks after initiation of
treatment.

FIGURE 3 Resolution of rash after 2 weeks of low-dose oral
steroids and withdrawal of penicillamine treatment. The patient
subsequently tolerated slow up-titration of penicillamine to doses
of 2 g/day without any AEs.

limit the doses of anticholingeric medications. Botulinum toxin
injections in areas of focal dystonia often relieve painful fixed
dystonic postures or spasms and also help in overall improve-
ment of the generalized dystonia.

As has been reported earlier, and in our experience, antide-
pressants, antipsychotics, (preferably atypical), and mood
stabilizers may be required for patients with serious behavioral
problems, especially if they are at risk of self-harm.® Symptom-
atic treatment for movement disorders and behavioral problems
can be withdrawn once decoppering has led to adequate clinical
improvement. Epilepsy is rare in patients with WD and usually
well controlled with standard antiepileptics, with careful moni-
toring of liver function.®*®*

Beta-blockers, sclerotherapy, or banding for portosystemic
varices may be required in patients with significant portal
hypertension. Regular review by a liver specialist is essential to
prevent and manage complications of liver cirrhosis.

Tracking WD

WD is characterized by a long presymptomatic phase lasting
years to decades. Once symptoms appear, patients can deterio-
rate rapidly over weeks or months, and unattended the disease
is fatal. The challenge of WD treatment is to chelate copper at
a pace fast enough to prevent disease progression or death.
However, (rapid) initiation of decoppering may entail a risk of
neurological deterioration, possibly resulting from release of
large amounts of copper from the liver into the circulation.'”®
Therefore, patients need to be carefully monitored for disease
progression, treatment efticacy, and AEs as well as compliance

to therapy.

Tools to Track WD

In our experience, objective clinical assessments are better able
to track treatment benefit or disease progression than serum-free
copper and urine copper measurements. We monitor WD ther-
apy using the Global Assessment Scale for WD (GAS for WD),
which is a standard WD-specific scale (Fig. 4). The scale has
been shown to be a reliable measure of WD-related multisys-
temic disability and to be sensitive to clinical change.""

GAS for WD is a two-tier scale that can be administered by
the patient’s bedside in 20 to 30 minutes (with experience, the
time of administration is reduced to 15 minutes). Tier 1 mea-
sures WD-related disability across four domains: liver (L); cog-
nition and behavior (C); motor (M); and osseomuscular (O)
systems. Each domain is scored on an ascending six-point scale
(0-5). Tier 2 assesses WD-related neurological dysfunction
using 14 items, including Wilson facies and KF rings. Each item
is graded on an ascending five-point scale (0—4), and the item
scores are summed to obtain the total tier 2 score (0-56)."" The
GAS for WD scoring sheet with rating instructions is provided
as Supporting Information.

Pacing Decoppering

To quote Walshe, treatment of WD involves, “a supreme
capacity for taking trouble; there is no place for the philosophy
of giving some penicillamine and seeing what will happen.”*
In the initial intensive phase of decoppering in a symptomatic
patient, to ensure compliance, we insist on supervised adminis-
tration of the decoppering medicine twice-daily at fixed times,
by a designated caregiver. During each visit, the decoppering
dosing schedule is planned such that the drugs are given while
fasting without interfering with meal times. GAS for WD liver
scores are tracked for evidence of liver decompensation and, if
present, symptomatic treatment of liver failure and the need for
fast-tracked LT discussed with the treating liver specialist.
Patients are also assessed for drug-related AEs.

At the start of treatment, patients are tracked at weekly or
biweekly intervals. In most patients with significant neurological
disability, there is no change in GAS for WD scores in the first
few months of therapy, though, in some patients, scores may
improve in the first 2 weeks itself. Worsening of GAS for WD
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FIGURE 4 GAS for WD score sheet tracking neurological improve-
ment in a 22-year-old man with WD over 20 months of supervised
treatment. The patient was diagnosed with WD at 6 years of age
and was on irregular treatment until presentation to our center at
age 22. Penicillamine was initiated at dosages of 250 mg/day and
slowly escalated to 2 g/day. Serial MRI scans of the patient are
shown in Figure 1.

scores after initiation of decoppering suggest disease progression,
decoppering-induced neurological worsening, noncompliance,
or an intercurrent illness. Decoppering-induced neurological
worsening usually manifests with abrupt clinical deterioration
over days or weeks. This drug-induced neurological worsening
is alleviated with continuation of therapy or with down-titra-
tion of the decoppering dosages. We prefer the latter option,
and once decoppering induced neurological worsening has
reversed (i.e., GAS for WD scores have improved to predeteri-
oration levels), we gradually re-escalate the drug doses, but at a
slower pace than before (see accompanying Video 3). Patients
with disease progression, on the other hand, generally exhibit
steady neurological worsening and benefit from perseverance
with the decoppering regimen and gradual up-titration of dos-
age (see accompanying Video 2, segment 2).

Stabilization of GAS for WD scores after initiation of dec-
oppering, in a symptomatic patient, suggests that the benefit of
copper chelation has outpaced natural disease progression. The
decoppering doses are gradually escalated to the maximal toler-

ated levels. Patients and their families are quizzed about com-
pliance and need for compliance reinforced. Once GAS for
WD scores start dropping steadily, the patient’s visits can be
spaced out to once every few months. Decoppering is a slow
process and takes 1 to 3 years for a patient with severe neuro-
logical disability to recover. The earliest change noted is
improvement in WD facies over 3 to 5 months of initiation of
treatment. KF rings disappear over 12 to 18 months."" Signifi-
cant improvement in GAS for WD scores is accompanied by
general well-being, growth spurt, and onset of puberty (f it
was delayed).

Complete clinical recovery in a symptomatic patient heralds
that the positive body copper balance has resolved. Patients can
now be switched to maintenance therapy and doses of decop-
pering drugs reduced (Fig. 4). Worsening of GAS for WD
scores during the maintenance phase signals noncompliance, if
drug-related AEs and an intercurrent illness are ruled out. Dec-
oppering-induced neurological worsening is not a concern in
patients on steady and small-dose decoppering treatment,
whereas noncompliance is a common and significant problem
(Table 5). Maintaining bi- or triannual visits and tracing patients
lost to follow-up helps reinforce compliance. During each visit,
patients are warned about dangers of defaulting on treatment,
including the possibility of sudden deterioration leading to
death.?"*? Interaction of patients with one another helps inspire
confidence in the benefits of WD treatment and encourages

compliance.

Conclusion

In the century since Wilson’s original description of a univer-
sally fatal familial disease of the young, we have learned much
about the disorder.®® We now recognize that the disease results
from chronic copper toxicity in (primarily) the liver and brain
and have identified the responsible gene.”® Though the search
for a simple and reliable diagnostic test is ongoing, genetic
analysis may soon provide a practical diagnostic screening tool.?
Remarkably, individual and dedicated group efforts have led to
a small, but effective, arsenal of treatment options to vanquish
the disease and restore health and longevity.'

However, challenges remain. It is estimated that 75% of
patients with WD go undiagnosed and die.'>* In many other
patients, treatment is administered suboptimally and the process
and suffering unduly prolonged. We have the means. The chal-
lenge is to consistently and effectively employ the available diag-
nostic, treatment, and monitoring tools to conquer the disease.
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Supporting Information

A video accompanying this article is available in the supporting
information here:

Supporting Information: GAS for WD scoring sheet with
rating instructions.

Video 1. Reversal of neurological disability in an 18-year-
old patient with cerebellar ataxia-tremor-dystonia phenotype of
WD. The patient has a homozygous ¢.813C>A, p.C271X
ATP7B mutation. Serial GAS for WD tier 1 scores for liver
(L), cognition (C), motor (M), and osscomuscular (0) domains
and tier 2 total scores are tabulated (see Supporting Information
for GAS WD scoring sheet and rating instructions).

Video 2. Reversal of neurological disability in a 27-year-old
patient with dystonia-parkinsonism phenotype of WD. The
patient has  heterozygous ¢.2930C>T, p.T977M, and
c.4070C>T, p.A1357V ATP7B mutations. Serial GAS for WD
tier 1 scores for liver (L), cognition (C), motor (M), and osseo-
muscular (0) domains and tier 2 total scores are tabulated (see
Supporting Information for GAS WD scoring sheet and rating
instructions).

Video 3. Neurological worsening with penicillamine and
improvement with down-titration of dosage in a 17-year-old
patient with  WD. The patient has homozygous
¢.2736_2746delCATTCAGCAGC, p.Jle913fs, ATP7B muta-
tion. Serial GAS for WD tier 1 scores for liver (L), cognition
(C), motor (M), and osseomuscular (0) domains and tier 2
total scores are tabulated (see Supporting Information for

GAS WD scoring sheet and rating instructions).
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