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Clinical management of Wilson disease
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Abstract: The availability of effective therapies distinguishes Wilson disease (WD) from other inherited 
neurometabolic diseases. The cause of hepatic, neurologic or psychiatric symptoms is copper overload 
and subsequent copper toxicity. Diagnosed WD patients require life-long pharmacologic therapy that is 
focused on reversal of copper overload with maintenance of a long-term negative copper balance. This is 
associated with the rapid control of free or non-ceruloplasmin bound copper that is mostly responsible for 
acute cytotoxic effects. Currently available therapies can be divided into chelators and zinc salts. They have 
different mechanisms of action and the onset of efficacy that influences their selection in acute and chronic 
stages of therapy. We review the use of D-penicillamine and trientine for chelation therapies, including the 
required monitoring of therapy for its efficacy and possible overtreatment with iatrogenic copper deficiency. 
Additionally, the use of zinc salts is also discussed, including a possibility of its use for the initial therapy in 
an acute stage of the disease. Supportive and symptomatic therapies for liver failure and neuropsychiatric 
symptoms are also reviewed.
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Wilson disease (WD) is an inherited metabolic disorder 
of impaired copper transport caused by biallelic mutations 
in the ATP7B gene (1,2). A loss of function of this copper 
transporter results in a chronic copper accumulation in the 
liver and subsequently in the central nervous system (3). 
Excessive free (non-ceruloplasmin bound or NCC) copper 
triggers cytotoxic effects mostly in hepatic and central 
nervous tissues, leading to the typical clinical phenotypes 
with predominantly hepatic, neurologic or psychiatric 
symptoms (4).

Even though the recent identifications of several patients 
with an atypical late onset in the 7th and 8th decades of life 
support the concept that some ATP7B mutations have 
reduced penetrance, in the overwhelming majority of 
WD cases an untreated copper buildup is associated with 
devastating and eventually fatal consequences (3-7). Thus, 
diagnosed WD patients require pharmacologic therapy, 
even if they are asymptomatic. The initial goal of therapy 
is to reverse copper overload with increased plasma NCC 
copper levels and establish a negative copper balance with 

a rapid control of NCC copper levels (8,9). The next step 
is a maintenance therapy that continues to control free 
copper levels without inducing iatrogenic copper deficiency. 
This phase of pharmacotherapy typically starts after disease 
symptoms and biochemical abnormalities have improved, 
and this is typically observed in 2–6 months after initiation 
of chelation therapy during which NCC copper values are 
reduced to normal levels. Maintenance therapy is potentially 
life-long unless liver transplant is performed or future use 
of gene therapy will be truly a curative therapy (8,9).

Currently available medications to treat WD are 
chelating agents that non-specifically chelate copper and 
promote urinary copper excretion, and zinc salts that reduce 
the absorption of copper from the gastrointestinal tract. 
Both groups of medications have a different onset of action 
with chelators immediately binding the circulating NCC or 
free copper pool. Hepatic copper content remains high in 
treated WD patients supporting the removal of circulating 
copper as the primary mechanism of action of chelators 
(10,11). Moreover, they do not directly bind stored copper 
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in the brain because available chelators do not cross the 
blood brain barrier. Copper removal from the central 
nervous system is achieved by its mobilization and shift to 
plasma pool where it can be chelated and removed through 
the urinary excretion (12). Relatively rapid onset of action 
favors chelating agents to be used in the acute phase of 
decoppering therapy and they can also be used for a long-
term maintenance therapy (8,9).

D-penicillamine has now an established place as the 
most commonly used chelator in the treatment of WD and 
its major effect is the promotion of the urinary excretion 
of copper (13,14). It also binds other metals and additional 
indications include cystinosis and rheumatoid arthritis (15).  
It needs to be taken either one hour before meals of two after 
meals because food reduces its absorption by almost 50% (16). 
It also should not be taken with antacids or iron supplements. 
The usual target dose of D-penicillamine during the 
initial therapy is 1,000–2,000 mg/day (or 900–2,100 mg  
if 300 mg tablets are used) given in 2–4 divided dosages 
but starting with incremental doses is recommended 
to reduce adverse side effects and to reduce a risk of 
paradoxical worsening in patients with predominantly 
neurologic symptoms (8,9). The starting dose for patients 
with neurologic symptoms should be 250–500 mg/day 
(or 300–600 mg/day) with a careful increment by 250 mg 
every 5–7 days to monitor patients for a possible worsening 
and side effects and a typical maximal dose in neurologic 
patients is 1,500 mg/day (17). D-penicillamine can be 
also used in children and the dosing in these patients is  
20 mg/kg/day and is rounded to the nearest 250 or 300 mg (8).

D-penicillamine has a strong cupreuremic effect and 
24-H urine copper assay is used to monitor the therapeutic 
response (8,9). Chelation therapy should also normalize 
NCC copper but this test is not generally available and 
the calculation of NCC based on total plasma copper 
and ceruloplasmin levels may be imprecise if plasma 
ceruloplasmin values are at the lower limit of detectability 
and not fully quantified. The dose is adjusted based on 
24-H urine copper assay and excretion of copper may 
exceed 1,000 μg (16 μmol) per day at the initiation of the 
therapy. D-penicillamine can be also used for a long-term 
maintenance therapy and this dose is lower than during acute 
chelation (8,18). This dosing is usually 750–1,000 mg/day  
administered in two divided doses with expected daily 
urine excretion between 200 and 500 μg (3–8 μmol). 
Urine copper levels below 200 μg (3 μmol)/24 hours 
suggest overtreatment with iatrogenic copper deficiency or 
noncompliance with treatment (8,9). Efficacy of chelation 

therapy can be also assessed by measurement of 24-hour 
urine copper that is collected 48 hours after temporary 
cessation of therapy. The copper urine values less than  
75 μg per day indicate an adequate copper control.

The transition to a chronic therapy is based on clinical 
improvement and normalization of liver function tests in 
hepatic patients (19-21). The typical interval in hepatic 
patients is after 2–6 months of chelating therapy but the 
additional clinical and laboratory improvement can be 
observed up to one year (19-22). Neurologic patients tend to 
have much slower rate of clinical improvement and recovery 
and a partial or complete neurologic recovery may be 
observed up to three after the initiation of chelation therapy 
(17,23-25).

One of possible drawbacks of D-penicillamine is frequent 
adverse effects that can be divided into acute and chronic types. 
Up to one third of patients would eventually stop this therapy 
and there is a high risk on non-compliance with a possibility 
of further worsening of neuropsychiatric or hepatic symptoms 
(8,9,21,25). Early or acute sensitivity reactions include 
fever, lymphadenopathy, cutaneous eruptions, proteinuria 
and signs of bone marrow suppression with neutropenia or 
worsening of thrombocytopenia, which is also a consequence 
of hypersplenism (26). Slower rate of dose titration or a brief 
therapy with steroids have been suggested to mitigate these 
problems but if alternative medication, such as trientine 
is available, the change of chelating agent may be a more 
suitable next step in WD therapy (22,27). Chronic adverse 
effects include nephrotoxicity with proteinuria, a lupus-like 
reaction with hematuria, proteinuria, and positive antinuclear 
antibody, progeric changes in the skin, pemphigoid lesions, 
lichen planus, and aphthous stomatitis, myasthenia gravis-
like syndrome, and polymyositis (28-33). D-penicillamine 
interferes with collagen cross-linking and this may account 
some dermatologic side effects (34). It will also interfere with 
wound healing and the therapy needs to be interrupted if 
surgery is planned. D-penicillamine has also an antipyridoxine 
effect and supplementation of pyridoxine (vitamin B6) at the 
daily dose of 25–50 mg daily or monitoring of pyridoxine 
levels has been recommended (35).

Another significant complication of D-penicillamine 
chelation therapy is a paradoxical worsening of neurologic 
symptoms in patients who presented with neuropsychiatric 
phenotype, typically within the first six months of the 
therapy (22,25,36-38). This has been observed even after 
an appropriate therapy is initiated in a timely manner 
and can be see also in other mediations used to treat 
acute neurologic symptoms of WD. The presumed 
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mechanism behind this worsening is a rapid mobilization 
of unbound copper resulting in higher blood NCC copper 
and triggering a cytotoxic effect in neuronal tissue with 
subsequent neurologic deterioration in treated patients (4).  
Correlation between the stability of NCC control 
without additional elevations of NCC values and the 
favorable neurologic outcomes has been reported but 
again, NCC copper assay is not readily available as a 
routine clinical test to monitor elevation of NCC copper 
after the treatment initiation (39,40). Original reports 
indicated that D-penicillamine therapy has the highest 
risk of this phenomenon and 20–35% of treated patients 
with neurologic presentation have experienced further 
deterioration that is often irreversible (36). A more recent 
retrospective analysis of WD patients showed no statistical 
difference between the rate of neurologic complications 
between D-penicillamine and other medications for WD 
and it remains unsettled whether there is difference in 
the risk of neurologic deterioration among different WD 
medications (22,25). The severity of presenting neurologic 
symptoms and the extent of structural changes detected 
by magnetic resonance imaging with early signal changes 
in the basal ganglia, thalamus and the brainstem are also 
risk factors for paradoxical worsening (38). Recommenced 
management of the paradoxical neurologic worsening 
includes a reduction of the dose of D-penicillamine or even 
a temporary interruption of chelation if no other treatment 
options are available (8,9).

Trientine was originally developed as the second line 
therapy for patients who did not tolerate D-penicillamine 
(8,9). It is a chelator with a high affinity to copper and the 
bound copper is also removed through urinary excretion. 
It has been suggested that trientine has lower cupreuremic 
effect than D-penicillamine and daily copper excretion in the 
range of 200–500 μg (3–8 μmoles) are commonly observed 
in WD patients on trientine who are responding to therapy 
as judged by clinical improvement (18,41). The target dose 
of trientine during the initial therapy is 750–1,500 mg/day  
divided in two or three doses and it also should be taken 
before food (8,9,42). Similarly to D-penicillamine therapy, 
trientine should be also started gradually in patients with 
neurologic symptoms with 250 mg increments every 5–7 days.  
Trientine has been used successfully in patients with 
decompensated liver failure. The typical maintenance dose 
is 750 or 1,000 mg per day and the dose is adjusted based 
on 24-copper urine values. Daily urinary copper excretion 
below 200 μg may indicate either nonadherence to therapy 
or induction of copper deficiency from overtreatment 

(8,9,42). There is no established weight-based dose in the 
pediatric population and most of the experts use the dose 
of 20 mg/kg/day rounded off to the nearest 250 mg with 
similar dosing frequency as in adults (8).

One of the major advantages of trientine is the quite 
favorable safety profile and no toxic reactions are observed 
in treated patients (8,9). A low frequency of lupus like 
reaction was described in patients on trientine but they 
were all treated with D-penicillamine before and it is 
unclear which drug was triggering this side effect (8). Good 
safety profile was also reported in pregnant patients and 
no significant teratogenic effects have been observed (43).  
Overall, the interruption of anticopper drugs during 
pregnancy is not advisable because it may cause worsening 
of neurologic symptoms or liver failure (44). However, 
breastfeeding is not recommended for mothers treated with 
trientine. Bone marrow suppression with trombocythopenia 
and leukopenia is rare and it should prompt an evaluation 
for evolving copper deficiency from the overtreatment (4).

Paradoxical neurologic worsening has been also observed 
in patients treated with trientine and the reported incidence 
was 10–15% of patients experiencing further progression of 
their neurologic symptoms (42). This would potentially favor 
trientine as the first line chelation therapy for patients with 
neurologic symptoms based on previous reports of much 
higher risk in patients treated with D-penicillamine (36).  
However, more recent retrospective studies from the 
European Union suggested that D-penicillamine, trientine 
and zinc salts had very comparable incidence of paradoxical 
worsening and actually, one study found the least frequent 
deterioration in patients treated with D-penicillamine 
with the reported risk of 2% of neurologic decline, which 
is much lower from the previous observations (22,25). 
However, the lack of head to head comparisons between 
these two chelators and the retrospective nature of most 
of the studies describing the rate of paradoxical worsening 
makes it difficult to determine whether there is a superior 
chelator in terms of the risk of paradoxical worsening. 
Thus, until more conclusive clinical data are available, the 
selection of the first line chelation therapy for patients 
with neurologic phenotype of WD needs to be based on 
additional factors, including personal experience and the 
availability of chelators in different regions of the world.

Zinc salts are used to induce negative copper balance 
through the induction metallothioneins in the enterocytes, 
which block dietary uptake of copper in the gastrointestinal 
system (45). Metallothioneins are cysteine-rich proteins 
that bind various metal ions and are normally present in 
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the intestine, liver and brain. Zinc is one of the most potent 
inducers of metallothioneins but copper has the highest 
affinity for irreversible binding to these proteins. The 
dietary copper bound to metallothionein is sequestered 
within the intestinal cells and prevented from absorption 
into the blood (46-48). Negative copper balance is achieved 
because copper is removed through the stool after the 
enterocytes are shed in the intestinal lumen as a part of 
normal cellular turnover.

There are several zinc salts available and only zinc acetate 
has been approved by the FDA for treatment of WD (49).  
Zinc should be taken on an empty stomach and gastric 
irritation with nausea is the most common side effect. The 
severity of gastric intolerance may be influenced by the type 
of salt and zinc gluconate can be used to ameliorate side 
effects (25,50). The typical dose of zinc in form of acetate or 
gluconate should contain 50 mg elementary zinc three times 
a day. There is no established pediatric dose and half of dose 
with 25 mg three-times a day is commonly used in pediatric 
population (51). Additionally, zinc sulphate can be used and 
the dosing for this salt varies from 300 to 1,200 mg/day,  
usually divided into three doses. The response to this 
therapy is also monitored by 24-hour copper urine assay 
but given the difference in mechanism of action, the target 
copper urine values differ from monitoring parameters of 
chelation therapies (49). Zinc does not promote urinary 
copper excretion and an effective treatment reduces the 
overall copper urinary excretion, reflecting the reduction of 
copper overload. Daily urinary copper excretion of less than 
75 μg indicates an adequate control on zinc therapy (49).

The effects of zinc on metallothioneins expression are 
cumulative and there is a delay of several months until zinc 
efficacy peaks and negative copper balance is established. 
That is why the most common use of zinc is a maintenance 
therapy after chelation induced a negative copper balance 
(47,49,52). When a patient is crossed over from a chelator 
to zinc, these two therapies need to overlap for a period of 
2–3 months to maximize the effects on metallothioneins. 
This may be challenging from the scheduling point of 
view because both medications need to be taken without 
food and they should be separated by about two hours 
to avoid reduced absorption. Monotherapy with zinc has 
been used for both neurologic and hepatic types of WD. 
However, zinc alone may be less effective than chelators for 
controlling the liver disease and a careful monitoring of liver 
function tests is warranted for patients on a maintenance 
zinc therapy (53). Given its mechanism of action and safety 
profile zinc may be also very suitable for treatment of WD 

during the pregnancy (54).
Even though zinc is most commonly used as a second-

line medicine after laboratory signs of copper overload 
have been normalized by chelators, its use as the first-line 
therapy has also been advocated (55,56). Asymptomatic 
patients who are diagnosed during the screening of first 
degree relatives are very suitable for the initial zinc therapy 
because the delayed efficacy does not represent a high 
risk for further deterioration of WD (48,52). Another 
scenario is its use in patients who developed neurologic 
symptoms and are naïve to any decoppering therapy 
(55,56). The justification of zinc as the first-line therapy 
in these patients is a risk of paradoxical worsening that has 
been observed with chelators. However, some consider a 
first-line therapy with zinc too slow to effectively control 
neurologic phenotype of WD (4,48). A study comparing 
D-penicillamine and zinc sulphate as the initial therapy has 
been reported and included 60 patients presenting with 
neuropsychiatric phenotype (25). The observed rate of 
further neurologic worsening did not differ between these 
two drugs. This suggests that the paradoxical worsening 
in treated neurologic WD patients may be caused by two 
different mechanisms, overtreating and undertreating. 
An elevation of the NCC copper after chelators were 
introduced is thought to be responsible for worsening with 
trientine or D-penicillamine (8,9,39). That is why lowering 
the dose of an used chelator has been recommended under 
these circumstances. It is very plausible that observed 
neurologic deterioration on zinc therapy may be accounted 
for by a slower reduction of NCC copper due to a delayed 
response to this therapy (25,57,58). Monitoring of NCC 
copper may be helpful to guide the changes in the therapy 
and in well controlled WD patients the levels of 5–15 μg/dL  
(0.84–2.4 μmol/L) are the target of the therapy; 25 μg/dL 
(3.94 μmol/L) and higher levels are seen in patients who 
are at risk to develop paradoxical neurologic worsening 
(8,9,39). The future routine availability of this assay rather 
than calculation of NCC copper from total copper and 
ceruloplasmin values should improve the monitoring of 
treated WD patients and guide the necessary medical 
adjustments.

Copper is an ubiquitous micronutrient and a low copper 
diet has been suggested for treated WD patients, especially 
during first two or three years after therapy (8,9). However, 
dietary changes alone are insufficient to treat copper 
overload in WD. Shellfish, nuts, chocolate, mushrooms, 
and organ meats, especially liver tend to have very high 
copper concentration and should be avoided until the 
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patients achieve negative copper balance. Additional sources 
of excessive external copper may be cooking copperware or 
drinking water if copper plumbing is used. Low copper diet 
is relatively less useful if zinc therapy is used because zinc 
blocks copper absorption from alimentary intake (47). Well 
controlled patients may be more liberal with their diet.

WD patients who develop acute liver failure are 
candidates for transplantation because of very high mortality 
and liver transplant under these circumstances is a lifesaving 
procedure (8,9). Model for end-stage liver disease (MELD) 
score and Nazer scoring system are used in hepatic patients 
to indicate the need for liver transplant and they were 
also specified for WD patients (59,60). Patients after the 
transplant do not need any additional anticopper therapies 
because liver transplantation also corrects the genetic defect 
causing WD. This not only restores copper homeostasis in 
the liver but also extrahepatic copper metabolism in other 
tissues as well, most notably in the central nervous system. 
That is why liver transplant has been also suggested in 
patients with deterioration neurologic symptoms without 
any signs of liver failure (61-66). However, the role of liver 
transplantation as a treatment of neurologic deficits remains 
controversial. Improvement or even a complete resolution 
after liver transplantation has been reported in some 
patients with severe and progressive neurologic deficits 
who did not respond or deteriorated on chelation therapies. 
These positive neurologic outcomes are not universal and 
no improvements or further progression have been also 
observed in some patients who underwent liver transplant 
for this indication (67,68). At present there is no consensus 
regarding the role of liver transplant to reverse neurologic 
deficits.

Patients with neurologic and psychiatric phenotypes 
often experience considerable disability from residual 
symptoms and may benefit from additional symptomatic 
therapy (24,69). Tremor, dystonia, chorea, Parkinsonism 
and spasticity are most disabling but also potentially 
treatable neurologic problems (4). There are no specific 
therapies developed for neurologic symptoms caused by 
WD and the symptomatic therapeutic approach is similar 
to the treatments used for other neurologic conditions. 
Tremor in WD can be occasionally confused with essential 
tremor (ET) but most patients have either dystonic tremor 
or rubral wing beating tremor. “Trial and error” algorithm 
is commonly employed in tremor patients and action 
and postural tremor can be ameliorated by medications 
used in ET, including beta-blockers, such as propranolol 
or metoprolol, primidone, topiramate, pregabalin or 

benzodiazepines with a longer half-life, such as clonazepam 
(70,71). Dystonic tremor is more likely to respond to 
anticholinergic agents, most commonly trihexyphenidyl 
or focal therapies with botulinum A or B toxins. Rubral 
tremor, also known as Holmes tremor has features of 
cerebellar outflow tremor and it is notoriously resistant to 
pharmacotherapy (4). Functional neurosurgical procedures, 
including deep brain stimulation targeting the ventral 
intermediate nucleus of the thalamus or thalamotomy 
have been successfully used to control medically refractory 
tremor (72,73).

S y m p t o m a t i c  t h e r a p y  o f  d y s t o n i a  i n c l u d e s 
chemodennervation using botulinum A or B toxins and they 
are now commonly used as the first line of therapy (74).  
However, botulinum toxins may be not practical in 
widespread dystonic symptoms and pharmacotherapy with 
anticholinergic compounds (trihexyphenidyl or benztropine) 
or gaba-ergic compounds (benzodiazepines or baclofen) 
can be beneficial in these patients. Dopaminergic challenge 
with either levodopa of dopaminergic agonists can be tried 
in patients with dystonia but the results vary considerably. 
The same class of medications can be useful in patients with 
secondary Parkinsonism but again, the results tend to be 
less favorable than in idiopathic Parkinson’s disease (75).  
Dystonia and Parkinsonism in WD patients are prototypical 
examples of secondary etiologies caused by structural 
brain changes and the outcomes of therapy remain 
unsatisfactory. Functional neurosurgery using DBS can 
be carefully considered in severely affected patients (72). 
Dysphagia and dysarthria/anarthria are common sequelae 
of orofacial dystonia and they are particularly disabling. 
Dysphagia also increases the risk of aspiration pneumonia 
and a careful evaluation by speech therapy is warranted. 
Electrical stimulation for oropharyngeal dystonia has 
been tried in WD patients but there are no formal studies 
available. Many patients require percutaneous endoscopic 
gastrostomy tube to maintain nutritional requirements and 
to reduce the risk of aspiration. Tube feeding formulas may 
have a high copper content and a nutritional consultation 
focused on reducing the amount of alimentary copper may 
be helpful.

Involuntary hyperkinetic movements, including chorea 
or athethosis can be also seen in WD patients and the use 
of neuroleptics should be limited because the exposure to 
both typical and atypical neuroleptics has been associated 
with irreversible neurologic worsening (38,72). Vesicular 
monoamine transporter 2 blockers, such as tetrabenazine 
are more suitable options for treatment of hyperkinetic 
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movements in WD.
Patients with active psychiatric symptoms may also 

require symptomatic therapies and in general, the selection 
is not influenced by the primary underlying process with 
one very important exception. Dopamine blocking agents, 
such as neuroleptics have been implicated as a potential 
risk factor for further neurologic worsening in treated 
WD patients. That is why atypical neuroleptics with 
potentially lower incidence of secondary Parkinsonism, 
such as quetiapine, olanzapine or clozapine should be 
used preferably in these patients to reduce a possibility of 
paradoxical worsening on therapy (38,76).

Currently available medications to remove excessive copper 
and maintain negative copper balance in asymptomatic or 
symptomatic WD patients are fraught with many challenges 
and even timely start of chelation or zinc therapies may be 
associated with unfavorable clinical outcomes 4, 8, 9). This risk 
for suboptimal therapeutic response is further magnified if the 
effective therapies are delayed due to the initial misdiagnosis 
of WD (23). Novel therapies, including bis-choline 
tetrathiomolybdate that forms a tripartite complex with copper 
and albumin and directly reduces copper content in the liver 
with the elimination of excess copper via biliary excretion, or 
gene therapy restoring the expression of the ATP7B gene are 
being currently tested (40,77,78). If successful, they may help 
to address several unmet needs and improve the long-term 
results of WD therapies and ultimately the quality of life of 
WD patients.

Acknowledgements

None.

Footnote

Conflicts of Interest: The author has served on advisory board 
for Wilson Therapeutics AB.

References

1. Bull PC, Thomas GR, Rommens JM, et al. The 
Wilson disease gene is a putative copper transporting 
P-type ATPase similar to the Menkes gene. Nat Genet 
1993;5:327-37.

2. Tanzi RE, Petrukhin K, Chernov I, et al. The Wilson 
disease gene is a copper transporting ATPase with 
homology to the Menkes disease gene. Nat Genet 
1993;5:344-50.

3. Merle U, Schaefer M, Ferenci P, et al. Clinical 
presentation, diagnosis and long-term outcome of Wilson’s 
disease: a cohort study. Gut 2007;56:115-20.

4. Hedera P. Update on the clinical management of Wilson's 
disease. Appl Clin Genet 2017;10:9-19.

5. Ferenci P, Członkowska A, Merle U, et al. Late onset 
Wilson disease. Gastroenterology 2007;132:1294-8.

6. Ala A, Borjigin J, Rochwarger A, et al. Wilson disease 
in septuagenarian siblings: Raising the bar for diagnosis. 
Hepatology 2005;41:668-70.

7. Pellecchia MT, Criscuolo C, Longo K, et al. Clinical 
presentation and treatment of Wilson’s disease: a single-
centre experience. Eur Neurol 2003;50:48-52.

8. Roberts EA, Schilsky ML. American Association for Study 
of Liver Diseases (AASLD). Diagnosis and treatment of 
Wilson’s disease: An update. Hepatology 2008;47:2089-111.

9. Ferenci P, Caca K, Loudianos G, et al. Diagnosis and 
phenotypic classification of Wilson disease. Liver Int 
2003;23:139-42.

10. Cope-Yokoyama S, Finegold MJ, Sturniolo GC, et 
al. Wilson disease: histopathological correlations 
with treatment on follow-up liver biopsies. World J 
Gastroenterol 2010;16:1487-94.

11. Medici V, Trevisan CP, D'Incà R, et al. Diagnosis and 
management of Wilson's disease: results of a single center 
experience. J Clin Gastroenterol 2006;40:936-41.

12. Stuerenburg HJ. CSF copper concentrations, blood-
brain barrier function, and coeruloplasmin synthesis 
during the treatment of Wilson’s disease. J Neural Transm 
2000;107:321-9.

13. Walshe JM. Penicillamine, a new oral therapy for Wilson’s 
disease. Am J Med 1956;21:487-95.

14. Litin RB, Goldstein NP, Randall RV, et al. L-penicillamine 
on the urinary excretion of copper and calcium in 
hepatolenticular degeneration (Wilson’s disease). 
Neurology 1960;10:123-6.

15. Shiokawa Y, Horiuchi Y, Honma M, et al. Clinical 
evaluation of D-penicillamine by multicentric double-
blind comparative study in chronic rheumatoid arthritis. 
Arthritis Rheum 1977;20:1464-72.

16. Schuna A, Osman MA, Patel RB, et al. Influence of food 
on the bioavailability of penicillamine. J Rheumatol 
1983;10:95-7.

17. Walshe JM, Yealland M. Chelation treatment of 
neurological Wilson’s disease. Q J Med 1993;86:197-204.

18. Walshe JM. Copper chelation in patients with Wilson’s 
disease. A comparison of penicillamine and triethylene 
tetramine dihydrochloride. Q J Med 1973;42:441-52.



Annals of Translational Medicine, Vol 7, Suppl 2 April 2019 Page 7 of 8

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(Suppl 2):S66atm.amegroups.com

19. Grand RJ, Vawter GF. Juvenile Wilson disease: histologic 
and functional studies during penicillamine therapy. J 
Pediatr 1975;87:1161-70.

20. Beinhardt S, Leiss W, Stattermayer AF, et al. Long-term 
outcomes of patients with Wilson disease in a large Austrian 
cohort. Clin Gastroenterol Hepatol 2014;12:683-9.

21. Durand F, Bernuau J, Giostra E, et al. Wilson’s disease 
with severe hepatic insufficiency: beneficial effects of early 
administration of D-penicillamine. Gut 2001;48:849-52.

22. Weiss KH, Thurik F, Gotthardt DN, et al. Efficacy and 
safety of oral chelators in treatment of patients with Wilson 
disease. Clin Gastroenterol Hepatol 2013;11:1028-35.e1.

23. Prashanth LK, Taly AB, Sinha S, et al. Wilson's disease: 
diagnostic errors and clinical implications. J Neurol 
Neurosurg Psychiatry 2004;75:907-9.

24. Hölscher S, Leinweber B, Hefter H, et al. Evaluation 
of the symptomatic treatment of residual neurologic 
symptoms in Wilson’s disease. Eur Neurol 2010;64:83-7.

25. Członkowska A, Litwin T, Karlinski M, et al. 
D-penicillamine versus zinc sulfate s first-line therapy for 
Wilson’s disease. Eur J Neurol 2014;21:599-606.

26. Essigman WK. Multiple side effects of penicillamine 
therapy in one patient with rheumatoid arthritis. Ann 
Rheum Dis 1982;41:617-20.

27. Chan CY, Baker AL. Penicillamine hypersensitivity: 
successful desensitization of a patient with severe hepatic 
Wilson’s disease. Am J Gastroenterol 1994;89:442-3.

28. Bienaimé F, Clerbaux G, Plaisier E, et al. D-Penicillamine-
induced ANCA-associated crescentic glomerulonephritis 
in Wilson disease. Am J Kidney Dis 2007;50:821-5.

29. Adelman HM, Winters PR, Mahan CS, et al. 
D-penicillamine induced myasthenia gravis: diagnosis 
obscured by coexisting chronic obstructive pulmonary 
disease. Am J Med Sci 1995;309:191-3.

30. Bécuwe C, Dalle S, Ronger-Savle S, et al. Elastosis 
perforans serpiginosa associated with pseudo-
pseudoxanthoma elasticum during treatment of Wilson’s 
disease with penicillamine. Dermatology 2005;210:60-3.

31. Deutscher J, Kiess W, Scheerschmidt G, et al. Potential 
hepatotoxicity of penicillamine treatment in three patients with 
Wilson’s disease. J Pediatr Gastroenterol Nutr 1999;29:628.

32. Shiono Y, Wakusawa S, Hayashi H, et al. Iron 
accumulation in the liver of male patients with Wilson 
disease. Am J Gastroenterol 2001;96:3147-51.

33. Seessle J, Gotthardt DN, Schafer M, et al. Concomitant 
immune-related events in Wilson disease: implications 
for monitoring chelator therapy. J Inherit Metab Dis 
2016;39:125-30.

34. Siegel RC. Collagen cross-linking effect of D-penicillamine 
on crosslinking in vitro. J Biol Chem 1977;252:254-9.

35. Jaffe IA, Altman K, Merryman P. The antipyridoxine effect 
of penicillamine in Man. J Clin Invest 1964;43:1869-73.

36. Brewer GJ, Terry CA, Aisen AM, et al. Worsening of 
neurologic syndrome in patients with Wilson's disease with 
initial penicillamine therapy. Arch Neurol 1987;44:490-3.

37. Kalita J, Kumar V, Chandra S, et al. Worsening of Wilson 
disease following penicillamine therapy. Eur Neurol 
2014;71:126-31.

38. Litwin T, Dziezyc K, Karlinski M, et al. Early neurological 
worsening in patients with Wilson’s disease. J Neurol Sci 
2015;355:162-7.

39. Brewer GJ, Askari F, Dick RB, et al. Treatment of Wilson's 
disease with tetrathiomolybdate: V. Control of free copper 
by tetrathiomolybdate and a comparison with trientine. 
Transl Res 2009;154:70-7.

40. Weiss KH, Askari FK, Czlonkowska A, et al. Bis-
choline tetrathiomolybdate in patients with Wilson's 
disease: an open-label, multicentre, phase 2 study. Lancet 
Gastroenterol Hepatol 2017;2:869-76.

41. Borthwick TR, Benson GD, Schugar HJ. Copper 
chelating agents. A comparison of cupruretic responses to 
various tetramines and D-penicillamine. J Lab Clin Med 
1980;95:575-80.

42. Brewer GJ, Askari F, Lorincz MT, et al. Treatment of 
Wilson disease with ammonium tetrathiomolybdate: 
IV. Comparison of tetrathiomolybdate and trientine 
in a double-blind study of treatment of the neurologic 
presentation of Wilson disease. Arch Neurol 2006;63:521-7.

43. Walshe JM. The management of pregnancy in Wilson’s 
disease treated with trientine. Q J Med 1986;58:81-7.

44. Walshe JM. Cause of death in Wilson Disease. Mov 
Disord 2007;22:2216-20.

45. Cousins RJ. Absorption, transport and hepatic metabolism 
of copper and zinc: special reference to metallothionein 
and ceruloplasmin. Physiol Rev 1985;65:238-309.

46. Hoogenraad TU, Van Hattum J, Van den Hamer CJ. 
Management of Wilson’s disease with zinc sulphate. 
Experience in a series of 27 patients. J Neurol Sci 
1987;77:137-46.

47. Brewer GJ, Yuzbasiyan-Gurkan V, Young AB. Treatment 
of Wilson’s disease. Semin Neurol 1987;7:209-20.

48. Brewer GJ, Hill GM, Prasad AS, et al. Oral zinc therapy 
for Wilson’s disease. Ann Intern Med 1983;99:314-9.

49. Brewer GJ, Yuzbasiyan-Gurkan V, Johnson V, et al. 
Treatment of Wilson’s disease with zinc XII: dose regimen 
requirements. Am J Med Sci 1993;305:199-202.



Hedera. Treatment of WD

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2019;7(Suppl 2):S66atm.amegroups.com

Page 8 of 8

50. Wiernicka A, Janczyk W, Dadalski M, et al. 
Gastrointestinal side effects in children with Wilson’s 
disease treated with zinc sulphate. World J Gastroenterol 
2013;19:4356-62.

51. Brewer GJ, Dick RD, Johnson VD, et al. Treatment of 
Wilson’s disease with zinc XVI: Treatment during the 
pediatric years. J Lab Clin Med 2001;137:191-8.

52. Brewer GJ. Treatment of Wilson’s disease with zinc. J Lab 
Clin Med 1999;134:322-4.

53. Weiss KH, Gotthardt DN, Klemm D, et al. Zinc 
monotherapy is not as effective as chelating agents 
in treatment of Wilson disease. Gastroenterology 
2011;140:1189-98.e1.

54. Brewer GJ, Johnson VD, Dick DR, et al. Treatment 
of Wilson's disease with zinc. XVII: treatment during 
pregnancy. Hepatology 2000;31:364-70.

55. Hoogenraad TU. Paradigm shift in treatment of Wilson's 
disease: zinc therapy now treatment of choice. Brain Dev 
2006;28:141-6.

56. Avan A, de Bie RMA, Hoogenraad TU. Wilson's disease 
should be treated with zinc rather than Trientine or 
Penicillamine. Neuropediatrics 2017;48:394-5.

57. Lang CJ, Rabas-Kolominsky P, Engelhardt A, et al. Fatal 
deterioration of Wilson’s disease after institution of oral 
zinc therapy. Arch Neurol 1993;50:1007-8.

58. Walshe JM, Munro NA. Zinc-induced deterioration in 
Wilson’s disease aborted by treatment with penicillamine, 
dimercaprol, and a novel zero copper diet. Arch Neurol 
1995;52:10-1.

59. Dhawan A, Taylor RM, Cheeseman P, et al. Wilson’s disease 
in children: 37-Year experience and revised King’s score for 
liver transplantation. Liver Transpl 2005;11:441-8.

60. Petrasek J, Jirsa M, Sperl J, et al. Revised King’s College 
score for liver transplantation in adult patients with 
Wilson’s disease. Liver Transpl 2007;13:55-61.

61. Guillaud O, Dumortier J, Sobesky R, et al. Long term 
results of liver transplantation for Wilson’s disease: 
Experience in France. J Hepatol 2014;60:579-89.

62. Bax RT, Hassler A, Luck W, et al. Cerebral manifestation 
of Wilson’s disease successfully treated with liver 
transplantation. Neurology 1998;51:863-5.

63. Lui CC, Chen CL, Cheng YF, et al. Recovery of 
neurological deficits in a case of Wilson’s disease after liver 
transplantation. Transplant Proc 1998;30:3324-5.

64. Stracciari A, Tempestini A, Borghi A, et al. Effect of liver 
transplantation on neurological manifestations in Wilson 
disease. Arch Neurol 2000;57:384-6.

65. Mocchegiani F, Gemini S, Vincenzi P, et al. Liver 

transplantation in neurological Wilson's disease: is there 
indication? A case report. Transplant Proc 2014;46:2360-4.

66. Laurencin C, Brunet AS, Dumortier J, et al. Liver 
Transplantation in Wilson's disease with neurological 
impairment: Evaluation in 4 patients. Eur Neurol 
2017;77:5-15.

67. Guarino M, Stracciari A, D’Alessandro R, et al. No 
neurological improvement after liver transplantation for 
Wilson’s disease. Acta Neurol Scand 1995;92:405-8.

68. Kassam N, Witt N, Kneteman N, et al. Liver 
transplantation for neuropsychiatric Wilson disease. Can J 
Gastroenterol 1998;12:65-8.

69. Brewer GJ, Fink JK, Hedera P. Diagnosis and treatment of 
Wilson disease. Semin Neurol 1999;19:261-70.

70. Hedera P, Cibulcik F, Davis TL. Pharmacotherapy of 
essential tremor. J Cent Nerv Syst Dis 2013,5:43-55.

71. Litwin T, Dušek P, Członkowska A. Symptomatic 
treatment of neurologic symptoms in Wilson disease. 
Handb Clin Neurol 2017;142:211-23.

72. Hedera P. Treatment of Wilson's disease motor 
complications with deep brain stimulation. Ann N Y Acad 
Sci 2014;1315:16-23.

73. Pal PK, Sinha S, Pillai S, Successful treatment of tremor 
in Wilson's disease by thalamotomy: A case report. Mov 
Disord 2007;22:2287-90.

74. Teive HA, Kluppel LE, Munhoz RP, et al. Jaw-opening 
oromandibular dystonia secondary to Wilson’s disease 
treated with botulinum toxin type A. Arq Neuropsiquiatr 
2012;70:407-9.

75. Gondim FA, Araujo DF, Oliveira IS, et al. Levodopa-
responsive parkinsonism and small fiber dysfunction 
in patients with Wilson’s disease. Movement Disord 
2013;28:S351-2.

76. Litwin T, Dusek P, Szafrański T, et al. Psychiatric 
manifestations in Wilson's disease: possibilities and 
difficulties for treatment. Ther Adv Psychopharmacol 
2018;8:199-211.

77. Weiss KH, Członkowska A, Hedera P, et al. WTX101 - an 
investigational drug for the treatment of Wilson disease. 
Expert Opin Investig Drugs 2018;27:561-7.

78. Murillo O, Luqui DM, Gazquez C, et al. Long-term 
metabolic correction of Wilson's disease in a murine 
model by gene therapy. J Hepatol 2016;64:419-26.

Cite this article as: Hedera P. Clinical management of Wilson 
disease. Ann Transl Med 2019;7(Suppl 2):S66. doi: 10.21037/
atm.2019.03.18


