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Background & Aims: Liver transplantation (LT) is the therapeutic
option for severe complications of Wilson’s disease (WD). We
aimed to report on the long-term outcome of WD patients follow-
ing LT.
Methods: The medical records of 121 French patients trans-
planted for WD between 1985 and 2009 were reviewed retro-
spectively. Seventy-five patients were adults (median age:
29 years, (18–66)) and 46 were children (median age: 14 years,
(7–17)). The indication for LT was (1) fulminant/subfulminant

hepatitis (n = 64, 53%), median age = 16 years (7–53), (2) decom-
pensated cirrhosis (n = 50, 41%), median age = 31.5 years (12–66)
or (3) severe neurological disease (n = 7, 6%), median age =
21.5 years (14.5–42). Median post-transplant follow-up was
72 months (0–23.5).
Results: Actuarial patient survival rates were 87% at 5, 10, and
15 years. Male gender, pre-transplant renal insufficiency, non
elective procedure, and neurological indication were significantly
associated with poorer survival rate. None of these factors
remained statistically significant under multivariate analysis. In
patients transplanted for hepatic indications, the prognosis was
poorer in case of fulminant or subfulminant course, non elective
procedure, pretransplant renal insufficiency and in patients
transplanted before 2000. Multivariate analysis disclosed that
only recent period of LT was associated with better prognosis.
At last visit, the median calculated glomerular filtration rate
was 93 ml/min (33–180); 11/93 patients (12%) had stage II renal
insufficiency and none had stage III.
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Conclusions: Liver failure associated with WD is a rare indication
for LT (<1%), which achieves an excellent long-term outcome,
including renal function.
� 2014 Published by Elsevier B.V. on behalf of the European
Association for the Study of the Liver.

Introduction

Wilson’s disease (WD) is a rare autosomal recessive disorder
affecting the metabolism of copper, which has a prevalence of 1
per 30,000 in the general population [1]. The gene defect was
identified in 1993, involving mutations in the ATP7B gene located
on the long arm of chromosome 13. The accumulation of copper
in different organs is due to a reduced excretion of copper via the
bile, leading to clinical manifestations that are particularly of the
hepatic and neuropsychiatric type. Most symptoms first appear
during the second and third decades of life. In both children
and adults, the hepatic form of the disease usually presents
through either the accidental discovery of abnormal liver func-
tion test results or as chronic liver disease, and rarely as acute
liver failure. Copper chelating agents such as D-penicillamine
and trientine hydrochloride, and copper absorption blockers such
as zinc salts, are effective and have markedly modified the prog-
nosis of WD [2]. Nevertheless, in patients with advanced disease
and decompensated cirrhosis or fulminant liver failure, liver
transplantation (LT) appears to be the only effective treatment
[3–5]. In addition, the indications for LT in neurologically affected
patients who do not improve under medication remain contro-
versial [6,7].

Because few data are available in the field, the aim of the pres-
ent study was to evaluate the long-term outcome of WD patients
following LT, in a large French multicenter cohort and with par-
ticular focus on survival rates and late-onset complications.

Patients and methods

Study design

The medical records of 128 patients with a diagnosis of WD and who were trans-
planted in France between January 1985 and December 2009, were reviewed ret-
rospectively; seven patients were excluded from the analysis because of missing
data and/or an uncertain diagnosis. During the same period, 10,150 LT were per-
formed in France (data available from the French Agence de la Biomédecine). The
diagnosis of WD was based on the presence of liver disease and/or neurological
symptoms and a combination of the following criteria: (1) positive family history,
(2) low serum ceruloplasmin (<0.20 g/L), (3) elevated liver copper (>250 lg/g dry
weight), (4) presence of the Kayser-Fleischer ring, (5) elevated baseline 24 h uri-
nary copper excretion (>100 lg/24 h), (6) elevated 24 h urinary copper excretion
following the administration of 2 � 500-mg doses of penicillamine (>1000 lg/
24 h), and (7) Coombs’ negative hemolytic anemia. The results on 24 h urinary
copper excretion levels were not always available prior to transplant and the
diagnosis could be made retrospectively according to the biological and patholog-
ical results, particularly in case of fulminant hepatic failure. Other causes of liver
disease such as autoimmune liver disease, acute or chronic viral hepatitis, a1-
anti-trypsin deficiency and other conditions were excluded by appropriate inves-
tigations [8,9].

In addition, a genetic mutational analysis for WD was available in 59 (46%)
patients but was not usually used for the initial diagnosis, especially in cases of
acute hepatic failure. Genomic DNA was extracted from whole venous blood sam-
ples. Whenever possible, SSCP and dHPLC analyses were performed, followed by
sequencing of the 21 exons and their flanking introns.

Fulminant hepatic failure (FHF) was defined as the presentation in asymp-
tomatic patients of evidence of acute liver injury and hepatic encephalopathy
within 2 weeks of the onset of symptoms. A diagnosis of subfulminant hepatic

failure (SFHF) was attributed to those asymptomatic patients who presented with
evidence of acute liver hepatic injury and hepatic encephalopathy between 2 and
12 weeks after the onset of symptoms. FHF and SFHF patients without previously
known underlying disease were analyzed in the F-SF group. Five patients with a
diagnosis of WD who presented with FHF or SFHF after the discontinuation of
their drug therapy were included in the same F-SF group because they shared
the same presentation. Other patients suffered from either severe chronic liver
disease (CLD) with or without neurological impairment (CLD group) or severe
neurological symptoms unresponsive to drug therapy and were transplanted
because of the neurological indication only, without any history of hepatic failure
(Neuro group). Patients who were at home prior to the transplant were consid-
ered to have undergone an elective transplantation.

All patients received grafts from cadaveric or living donors. Their initial
immunosuppressive regimen was based on a calcineurin-inhibitor (CNI): cyclo-
sporine or tacrolimus. The patients also received 500 mg IV methylprednisolone
after reperfusion. As from 1985, patients initially received cyclosporine (Sandim-
mun� or Neoral�, Novartis Pharma; Rueil-Malmaison, France) and were treated at
a dose of 2.0–4.0 mg/kg/day orally in two divided intakes with target trough
whole blood concentrations of 200–250 ng/ml for the first month post-transplant,
followed by 100–200 ng/ml thereafter. Since 1996, patients may also have
received tacrolimus (Prograf�, Astellas, Nanterre, France) initially, and were trea-
ted at a dose of 0.08–0.12 mg/kg/day orally in two divided intakes, with target
trough whole blood concentrations of 10–15 ng/ml for the first month post-trans-
plant, followed by 5–10 ng/ml thereafter. Starting on postoperative day 1, meth-
ylprednisolone was tapered from 200 to 20 mg within 5 days; thereafter,
methylprednisolone was maintained at 20 mg/day and then tapered by 2.5 mg/
month to reach a maintenance dose of 0–5 mg/day at 6 months post-transplanta-
tion. Azathioprin or mycophenolate mofetil (MMF) (since 1996) or sirolimus/
everolimus (since 2002) was either administered as part of an initial triple immu-
nosuppressive regimen, or introduced during follow-up as a maintenance immu-
nosuppressive agent. Outpatient follow-up visits were usually ensured once a
week during the first month after leaving hospital, twice a month during the sec-
ond and third months, monthly during the first year, and every 3–6 months
thereafter, regardless of the duration of the observation period after transplanta-
tion. Additional visits also were performed if necessitated by specific problems.
Wide-ranging laboratory investigations, including hematology, liver parameters,
coagulation, electrolytes, total protein, renal parameters, fast blood glucose, lipid
profile, and blood CNI trough levels, were carried out at each visit.

Statistics

Statistical analysis was performed with SPSS 13.0. Survival rates were evaluated
using the Kaplan-Meier method starting from the date of LT to that of death, the
last clinical visit or the data cut-off point (February 1st, 2010); survival curves
were compared using the log-rank test. Risk factors for death were analyzed by
multivariate logistic regression. For multivariate analysis, categorical data were
analyzed using the Chi-square or Fisher’s exact test. Values in this paper are
shown as median with ranges and mean ± SD. p values lower than or equal to
0.05 were considered to be statistically significant.

Results

Study population

This report concerns 75 adults (age >18 years) and 46 children
who underwent LT for Wilson’s disease between January 1985
and December 2009 in 18 different transplant centers throughout
France. Each center performed a median of four transplants
(range: 1–30). There were 64 patients in the F-SF group, 50
patients in the CLD group, and seven patients in the Neuro group.
The clinical features and laboratory test findings for patients at
the time of their listing for LT are summarized in Table 1. The
median age of all patients was 22 years (range: 7–66), and 71
were female (59%). Thirty-eight percent of the patients were chil-
dren. Sixty-nine percent of all patients, or 89% in the F-SF group
(92% of those without any history of treatment discontinuation)
and only 30% in the CLD group were transplanted during the first
three decades of life (Fig. 1A and B). Patients with a fulminant or
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