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Abstract
Wilson’s disease is an inherited defect in biliary copper excretion, causing a buildup of copper and copper toxicity,
primarily in liver and brain. Presentation with liver disease and/or neurological disease usually occurs in the second
and third decades of life. Recognition of the disease is often delayed, which is unfortunate, because once
appropriate treatment is started, progression of the disease can be halted, and further damage avoided. Regarding
current treatment, many physicians are only aware of penicillamine, because it was the first orally effective drug
developed. However, penicillamine has outlived its usefulness, being more toxic than more recently developed
drugs. For the hepatic presentation, a combination of trientine and zinc should be used for 4-6 months, then trientine
stopped and zinc used for lifelong maintenance therapy. For the neurological presentation, tetrathiomolybdate
should be used if available for 8-16 weeks, then zinc for maintenance. If tetrathiomolybdate is not available, zinc
should be used. For presymptomatic patients, zinc should be used from the beginning. Zinc should also be used for
pregnant and pediatric patients, with a reduced dose for the latter. Zinc causes gastric intolerance in some patients,
so in all cases where zinc is the favored therapy, if it is not tolerated, then trientine should be used as second
choice. In too many cases, patients are put on zinc, compliance not monitored, and then papers are written about
“zinc failures”. There are no zinc failures, just noncompliance problems.
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Introduction
Treatment of Wilson’s disease (WD) is important because the
disease can be halted, and irreversible damage prevented. Since the
disease is due to copper accumulation and copper toxicity, the useful
drugs are called anticopper drugs. In the beginning, the only
anticopper drug was penicillamine, and a generation of WD patients
owe their lives to treatment with penicillamine. But a generation of
physicians learned only the use of penicillamine in the treatment of
WD. Now, additional drugs are available, and it is critically important
that they be used, rather than penicillamine, especially for certain
phases of the disease. Penicillamine should be used only rarely for the
treatment of WD. It has too many side effects, it makes many
neurologically presenting patients permanently worse, and there are
now alternative drugs with excellent efficacy. Second,
tetrathiomolybdate is by far the optimal drug for treating the
neurologic presentation, but it is not yet approved, and must be
obtained from compounding pharmacies. This needs to be remedied.
Third, zinc is the treatment of choice for many phases of WD,
including maintenance therapy, treatment of the presymptomatic,
pregnant and pediatric patients, and in the absence of
tetrathiomolybdate, treatment of the neurologic presentation. But too
many physicians are not using zinc properly, and then inappropriately
claiming there are “zinc failures”. This paper will educate physicians
and others on the correct modern treatment of Wilson’s disease.
Wilson’s disease is, of course, an orphan disease, with an estimated
10,000 patients or thereabouts, in the U.S. Fortunately, it is one of the
few orphan diseases where very good treatments are available.
However, it is important that the disease be recognized and treated
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early in the course, before copper accumulation, the cause of the
disease, does excessive and irreversible damage.

Brief Review of the Disease
Wilson’s disease is an autosomal recessive inherited disease of
copper accumulation and copper toxicity [1-7]. Copper balance is
maintained in the body by the hepatic excretion of excessive copper in
the bile, for loss in the stool. In WD patients, there is mutation of the
ATP7B gene [8-10], a copper binding ATPase enzyme, involved in the
biliary excretion of copper. Both copies of the ATP7B gene have to
have disabling mutations to cause the disease. Heterozygous carriers of
one mutated gene accumulate some extra copper, but not enough to
require treatment, hence the disease is called recessive.
In general, people take in an average of about 1.0 mg copper per
day. This is an excess of about 0.25 mg/day. In WD, with the biliary
excretion mechanism disabled, this small amount of excess copper
accumulates every day of their lives, with storage occurring in the liver.
Gradually, the storage capacity of the liver is exceeded, and liver
damage begins to occur. In the late teenage years or twenties, the
patient may present with clinical liver disease. This may manifest itself
as hepatitis, with or without jaundice, and with elevated liver
transaminase enzymes, ALT, AST, and GGT. If not diagnosed, the
hepatitis may go into remission only to reoccur later. This pattern is
often misdiagnosed as chronic relapsing hepatitis, with an implication
of viral or autoimmune etiology.
Alternatively, the patient may first present because they have
developed cirrhosis, and present with one of the complications of
cirrhosis, such as liver failure with ascites and edema, a bleeding
diathesis from low clotting factors and a low platelet count, or bleeding
from gastric or esophageal varices. While the second and third decades
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of life are the most common ages of presentation, the time of
presentation can be quite broad, and extend into the 70s in rare cases
[11].
Occasionally patients may present with fulminant hepatic failure
with hemolysis. The cause of the hemolysis is the release of large
amounts of copper into the circulation by dying liver cells, which
damages erythrocytes. The association of liver failure with hemolysis is
almost always due to Wilson’s disease.
About half the patients do not present clinically with liver disease,
although they all have underlying liver disease, but present clinically
with neurologic disease due to copper overflow from the liver and
accumulation in the brain. The primary parts of the brain affected are
the basal ganglia and other areas that coordinate movement; hence the
neurologic disease is a movement disorder. The main abnormalities
are tremor, dystonia, and incoordination with speech, swallowing and
movements of fingers, hands, and limbs often affected. Posture may
become so affected such that the body and limbs assume grotesque
positions. Again, presentation is usually in the second and third
decades of life, but may be later in some cases.
As mentioned earlier, it is important to recognize, diagnose and
treat the disease as early as possible, because some of the copper
damage becomes irreversible. Treatment with anticopper drugs is very
efficient at halting further progression, but may not reverse all the
damage already done. If the patient is not diagnosed and treated, the
disease is fatal.
There are a number of tests one can use to make the diagnosis of
WD. A good one is 24 hour urine copper. It is almost always elevated
over 100 µg in symptomatic patients (normal is 50 µg or less). False
positive elevated urine copper can occur in obstructive liver diseases.
Blood ceruloplasmin (Cp) is generally low in WD because the ATP7B
protein also helps in incorporation of copper into the Cp molecule
before it is secreted into the blood by the liver. Without copper, the
apoCp is soon removed from the circulation. So Cp is generally quite
low in WD, but in about 10% of patients it isn’t low [6], and in about
10-15% of carriers, Cp is low. So low Cp levels can be used as an
indication of WD, but are not a definitive diagnostic test. It is
somewhat more reliably low in the neurologic presentation. Serum
copper assay is not very useful because it generally reflects the low Cp
level, since copper in Cp accounts for most of serum copper. Copper
accumulation in rings in the cornea of the eye, called Kayser-Fleischer
(KF) rings after their discoverers, are an excellent diagnostic feature in
the neurologic presentation, being present at least 99% of the time [6].
KF rings are also present most of the time in the hepatic presentation
[3]. They can be detected definitively only by slit lamp examination by
an ophthalmologist. The usual definitive test for diagnosis of Wilson’s
disease is a liver biopsy and quantitative assay of liver copper. In WD,
liver copper is always over 200 µg/g dry weight tissue (normal, 50 µg or
less). Again false positives can occur in obstructive liver disease.
DNA mutation detection is being increasingly used as a diagnostic
test. The problem is that several hundred disabling DNA mutations
are known. Many patients are composite heterozygotes for two
Drug

Penicillamine

Mechanism

Recommended

Of Action

Use

Chelator,

None

urinary
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different mutations. It is necessary that the DNA test be able to detect
all the mutations present in a population, and be able to identify the
presence of two mutations in composite heterozygotes. This makes
this kind of testing difficult.
A special class of patients are called presymptomatic. These are
generally discovered by family workups. Since the disease is autosomal
recessive, every full sibling of an affected patient has a 25% risk for
having the disease. Full siblings deserve rigorous workups, because if
they are diagnosed at the presymptomatic stage, prophylactic
anticopper treatment can prevent them from having any problems
from the disease. Since the disease is 100% penetrant, they are certain
to have symptomatic liver and/or brain disease if not treated
prophylactically. In these patients, urine copper is diagnostically
elevated only about half the time, and KF rings are present only about
one third of the time. However, liver copper is always diagnostically
elevated. Also in this case, DNA analysis really comes to the fore. By
genotyping certain markers around disabled ATP7B genes in the
affected sibling, other siblings can clearly be genotyped as having two
(affected), one (carrier), or none (clear) disabled genes.

The Anticopper Drugs
The term “anticopper drugs” is preferred for the drugs used to
control copper in WD. Some use the term “copper chelators”, but only
two of the drugs, penicillamine and trientine are copper chelators. The
other two, zinc and tetrathiomolybdate work by other mechanisms.
We will discuss anticopper drugs in the sequence of their discovery,
not in the order of their priority. When it was discovered WD was due
to copper toxicity attempts were made to come up with some type of
agent to counter or remove the copper. An early agent was British
antilewisite (BAL). But BAL had to be given by injections which were
often painful. As the effective oral drug, penicillamine, was developed,
BAL fell into disuse. Occasionally, someone recommends its use even
now, usually in difficult cases, thinking it had some special helpful
property, but this is inappropriate. Anything BAL can do, oral
anticopper drugs can do better.
Penicillamine: The anticopper drugs used in WD are listed in Table
1. Penicillamine was the first orally effective anticopper drug, and was
introduced by Walshe in 1956 [12]. It acts by chelating copper and
increasing copper excretion in the urine. It is usually given 1.0 g/day in
two divided doses, away from food. If given to a previously untreated
patient, it usually results in 1-2 milligrams of urinary copper excretion
per day. For reference, normal urinary copper is up to 50 µg/day, and
untreated WD patients may excrete 100-250 µg/day. Normal dietary
intake of copper is about 1.0 mg/day, so the impact of penicillamine is
to produce a large negative copper balance. As therapy proceeds,
urinary copper gradually decreases, as the excess of easily mobilizable
copper of the body is slowly decreased. After 6-12 months of
penicillamine therapy, 24 hour urine copper may be down to 0.75-1.5
mg. There are still large excess stores of copper in the liver, but these
are tightly bound, non-toxic, and only gradually reduced over years of
anticopper therapy.
Toxicity

Neurologic worsening,
Acute hypersensitivity
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excretion of

Proteinuria

copper

Bone Marrow suppression
Damage to collagen
Damage to skin
Trigger of autoimmune diseases

Trientine

Chelotor,

Hepatic

Proteinuria

urinary

presentation with

Bone Marrow suppression

excretion of

zinc,

Trigger of autoimmune diseases

copper

Second choice to

Neurologic worsening

zinc for many
other types of
patients
Zinc

Blockage of

Maintenance,

Moderate gastic discomfort in 5-10%

copper

Presymptomatic,

of patients

absorption

Pregnancy,
Pediatric,
Hepatic presentation with
trientine,
Second choice for neurologic
presentation

Tetrathiomolybdate

Complexor

Neurologic

Reversible anemia

of copper

presentation

Reversible further elevation of AST

with protein

and ALT

Table 1: Anticopper drugs used in Wilson’s disease therapy.
Penicillamine is completely effective in lowering copper levels and
eliminating further copper toxicity over time. As a result, a whole
generation of WD patients have benefitted from this efficacy. But the
downside is that penicillamine has a large number of toxic side effects
(Table 1). A large number of patients, perhaps 25%, have an initial
hypersensitivity that has to be treated with steroids, or penicillamine
stopped, and restarted at a very low dose, gradually building up to a
therapeutic dose. During chronic use, there are large numbers of other
side effects such as bone marrow suppression, immune modulated
diseases, skin abnormalities, and connective tissue effects that may
lead to aneurysms, etc. Further, if penicillamine is used in initial
treatment of neurologically presenting patients, it makes 50% initially
worse, and it makes a high percentage, perhaps 25% permanently
neurologically worse, according to US studies [13]. Walshe and
Yealland [14] found 22% of English patients deteriorating
neurologically when initially treated with penicillamine. Kalita et al.
[15] found 30% of Indian patients worsening neurologically from
initial penicillamine therapy. This worsening probably occurs by
mobilization of hepatic copper into the blood for excretion in the
urine. During the blood elevation of copper, the brain copper is
probably further elevated.
When penicillamine is used, it is important to also give the patient
25 mg of pyridoxine/day, unless it is part of the penicillamine
formulation, otherwise the patient will become pyridoxine deficient. In
the early stages of treatment, it is important to monitor frequency of
side effects by measuring blood counts, blood biochemistries, and
urinalysis especially for proteinuria. This should be done weekly at
first, then after a month biweekly, after 3 months, monthly, after 6
J Gastrointest Dig Syst
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months, quarterly after a year every 6 months, and after 2 years, if no
side effects, annually. Similarly, patients should be seen at frequent
intervals in the beginning, and then at increasing intervals later, to
check the patient for side effects and compliance.
To monitor for efficacy with penicillamine treatment, the usual
method is to follow 24 hour urine. This is straightforward early during
treatment, to follow the gradual decline in urine copper as treatment
proceeds. After a year or two of treatment, it becomes difficult to
identify noncompliance, particularly if it is intermittent.
Noncompliance leads to increase body loading of copper, which leads
to increased urinary copper. But since penicillamine acts by increasing
urine copper, it is hard to separate out the effects of the drug from a
period of noncompliance. Some follow so called serum free copper to
monitor. Blood copper is in two pools, the larger pool, 85-90%, bound
to ceruloplasmin (Cp) which is safe, and the rest bound to albumin
and various molecules, very mobilizable, called serum free copper, and
very unsafe if this pool is expanded, as it is in untreated WD. To
calculate serum free copper, Cp and serum copper are assayed. Each
mg of Cp contains about 3 µg of copper so the mg/dl of CP, usually
low in WD is multiplied by 3 and subtracted form the µg/dl of serum
copper. If Cp is 5 mg/dl and serum copper is 30 µg/dl in a given
patient, 5 × 3=15, subtracted from 30 gives 15 µg/dl of serum free
copper. In WD, serum free copper should be kept at 25 µg/dl or below,
to avoid further copper toxicity. This number can be followed, and if it
starts going up, the physician should worry about noncompliance.
However, this approach has considerable error, and is therefore not
very precise.

Volume 5 • Issue 4 • 1000312

Citation:

Brewer GJ (2015) The Modern Treatment of Wilson’s Disease. J Gastrointest Dig Syst 5: 312. doi:10.4172/2161-069X.1000312

Page 4 of 9
Penicillamine is U.S. FDA approved for use in treating Wilson’s
disease without any restrictions regarding what phase of disease can be
treated.
Trientine: Because of the toxicity associated with penicillamine,
Walshe [16] later introduced trientine, another copper chelator (Table
1). Trientine is also given at about 1.0 g/day, again in two divided
doses, and again should be separated from food. It is somewhat less
robust than penicillamine in causing urinary excretion of copper, so
that with initial therapy, 0.75 to 1.5 mg 24 hour urine copper is more
typical. With 6-12 months of therapy, 24 hour urine copper may be
down to 0.35 to 1.5 mg/day. Again, trientine is completely effective in
lowering copper levels and eliminating further copper toxicity over
time. It does share some of the same side effects with penicillamine,
but at a considerably lower frequency (Table 1). Unfortunately, it does
share penicillamine’s propensity to cause neurological worsening if
used as initial therapy in neurologically presenting patients. In one
well-controlled study, the prevalence of neurological worsening was
26%, and those who worsened didn’t do well with three out of six
subsequently dying [17].
It is not necessary to use pyridoxine with trientine therapy, as it is
with penicillamine. It is important to do some blood studies and
urinalysis to monitor for side effects, although the frequency of
monitoring doesn’t have to be as rigorous, since side effects are less
common. Also, early in treatment, the patient should be seen with
some frequency, to monitor for side effects, and to follow 24 hour
urine copper, and possible serum free copper. The monitoring of
efficacy in trientine treated patients has the same problem as with
penicillamine therapy, that is, increased body loading with copper
increases urine copper, but since the drug acts by increasing urine
copper, a period of noncompliance followed by taking the drug also
causes an increased urine copper. So it is hard to sort out what is
happening when urine copper increases. For this reason, serum free
copper, calculated as covered in the penicillamine section, is often
followed.
Trientine is U.S. FDA approved for use in treatment of WD patients
who are intolerant of penicillamine. However, its current use is much
broader than that, as will be obvious when we cover treatment of
various phases of WD.
Zinc (Table 1): The first use of zinc in WD was by Schouwink [18]
from the Netherlands as part of his thesis work. Unfortunately, other
than the thesis, this work was never published. Hoogenraad and
colleagues [19,20], also from the Netherlands, followed up
Schouwink’s work and gave additional WD patients zinc. Meanwhile,
independently, Brewer’s group in the U.S. had observed that zinc
therapy for sickle cell patients produced copper deficiency, and
initiated zinc therapy trials in WD patients [21-37]. They discovered
that zinc blocks copper absorption through induction of intestinal cell
metallothionein, which binds copper and prevents its transfer into the
blood [31]. The blood copper is sloughed with the intestinal cells,
which have about a 6 day turnover time, for excretion into the stool.
The Brewer group discovered that zinc had to be given away from food
to be effective, because substances in food bind zinc, and prevent its
effect on the intestinal cells [21].
Because zinc was an orphan product, the Brewer group had to do all
the things that a pharmaceutical company would normally do to
develop a product. This included dose response [22,29,33], evaluation
of possible side effects [26,30,34], and ways to monitor dose and
efficacy [23,25]. Use during pregnancy was evaluated [37] and use in
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pediatric patients [36]. Based on these data, zinc was approved for
maintenance therapy on WD by the U.S. FDA in 1997, as Galzin. The
recommended adult dose was 50 mg of elemental zinc three times/day,
each dose separated from food and beverages other than water by at
least one hour. It is important that 50 mg be the dose of elemental
zinc, not the dose of the particular salt used. Most formulations will
state the amount of elemental zinc on the bottle. The only significant
side effect of zinc is gastric intolerance, that is, burning and epigastric
discomfort that involves perhaps 10% of patients (Table 1). This can
be mitigated by taking the first dose at midmorning, rather than before
breakfast, and taking doses with a little bit of protein, which affects
efficacy the least of all foods.
Because of lack of side effects other than gastric intolerance, it isn’t
necessary to do laboratory studies during initial treatment to monitor
for zinc toxicity. Monitoring for efficacy with zinc therapy is very
much easier and straightforward than it is for penicillamine and
trientine. The reason is that zinc acts by increasing stool excretion of
copper, and doesn’t directly affect urine copper. Thus, the 24 hour
urine copper becomes a good measure of body loading of copper. In a
previously untreated patient, 24 hour urine copper may be 150-250 µg
(normal is 50 µg or below). With zinc treatment this will gradually
come down to 125 µg or below. This value should be kept at 125 µg or
below to avoid further copper toxicity. In the beginning, it is good to
monitor 24 hour urine copper every 3 months or so, to check on
compliance. It is very useful to monitor the 24 hour urine zinc as well
as copper levels. In a patient complying well with a therapeutic dose of
zinc, 24 hour urine zinc should be at least 2.0 mg. If it falls below this,
it is a good early screening warning for poor compliance. In a poor
complying patient, this will occur a month or more before urine
copper increases significantly. This is a wonderful tool to monitor
compliance in zinc treated patients. The Brewer group had one badly
noncomplying patient taking zinc only a week or two prior to his
regular monitoring. Thus, the zinc value looked good, but urine
copper was slowly increasing. Compliance is a major problem in WD,
because therapy is life long, and many patients are young. Compliance
may be more of a problem with zinc therapy than with other therapies
because of the annoying gastric side effects of zinc in some patients.
While these side effects are only very troublesome in 5-10% of
patients, 40 to 50% of patients have occasional mild discomfort. This
may act as a disincentive to take all of their zinc medication, or to take
some of it too close to food ingestion. Zinc is U.S. FDA approved for
the treatment of the maintenance phase of WD. As with trientine, its
current use is much broader than that.
Tetrathiomolybdate: So far this drug is not U.S. FDA approved. But
its use is so critical to the treatment of the neurological presentation,
that it is described and its background given here (Table 1).
Meanwhile, approval is being worked on.
Tetrathiomolybdate (TM) was first discovered when cattle and
sheep grazing on certain pastures in New Zealand or Australia
developed a severe neurological disease, called swayback, later
identified as being due to severe copper deficiency [38-40]. It was
found that the pastures had high molybdenum content in the soil and
grass, and that in the sulfur rich rumen of the animals, molybdenum
was converted to thiomolybdates [41,42]. Later, from work on rats, it
was found that the one containing four sulfurs, tetrathiomolybdate,
now known as TM, had the most anticopper potency [43,44]. TM does
not directly bind copper, so it is not a copper chelator. It forms a three
way complex with copper and protein which is quite stable [43-46].
Thus it is a “complexor”, rather than a chelator of copper. TM has seen
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significant veterinary use for the treatment of acute copper poisoning
in sheep, where it has proven to be life saving [46].
In WD, there is a therapeutic dilemma in a patient who present
with acute neurologic symptoms. Penicillamine [13-15] and trientine
[17] both causes neurologic worsening in a high percentage of these
patients and much of this increased damage is permanent. So, in our
opinion, the use of these drugs in these patients is contraindicated.
Further, zinc is too slow acting to be optimal in these patients. While
zinc does not catalyze neurologic worsening, it takes 6-12 months to
control further copper toxicity, and the disease can slowly progress as
a result of its own natural history during this period.
Into this therapeutic hiatus, the Brewer group introduced TM. TM
is used, along with zinc, in a dose of 120 mg/day, in 6 divided doses, 20
mg 3 times daily with meals, and 20 mg 3 times daily between meals,
for 8 weeks [47]. This approach has two mechanisms of action for TM.
TM given with food complexes food copper with food protein. This
complex is not absorbed and puts the patient into an immediate
negative copper balance. TM given away from food is well absorbed
and forms the tripartite complex with serum free copper and albumin.
Once complexed the free copper is no longer available for toxicity.
This complex builds up in the blood and reaches a plateau at about 2
weeks, as metabolism by the liver equates with formation. By about 2
weeks, further copper toxicity is halted.
Using this protocol a 55 patient open label study was done in
patients presenting with acute neurologic symptoms [48]. To evaluate
efficacy, an instrument was developed called the Semi-Quantative
Neurological Exam (SQNE) which was used by collaborating
neurologists to evaluate disease stability or worsening. Using this
criterion, 2 out of the 55 patients (3.6%) worsened. It was concluded
that an occasional patient will worsen because of the natural history of
the disease, regardless of what treatment is used. But this low
percentage is vastly better than the estimated 50% of neurologic
worsening with penicillamine [13], and 26% worsening with trientine
[17].
Since trientine had never been evaluated for treating the acute
neurologic presentation, a double blind comparison was done of
trientine, 1.0 g daily in two divided doses, with TM, 120 mg daily in six
divided doses, for 8 weeks. Patients presenting with acute neurologic
WD were randomized into the two groups. The SQNE instrument was
used at baseline, then at weekly intervals for the 8 weeks. According to
the SQNE, 6 of 23 (26%) of trientine treated patients worsened
neurologically, and only 1 of 25 (4%) of TM treated patients worsened,
statistically significant at p=0.05 [17]. Further, the trientine treated
patients who worsened mostly did not do well, 3 of them dying, and 2
others not showing much recovery.
When the serum free copper levels during the study were examined,
it was found that TM controlled (reduced) free copper levels early, and
kept these levels near zero [49]. Trientine did not reduce the free
copper levels, and in fact, there was a pronounced spike (elevation) in
free copper temporally related with neurologic worsening in several of
the patients who worsened [49].
There were two side effects with TM therapy (Table 1). One was
bone marrow suppression with anemia and occasionally leucopenia.
This occurred in 10-15% of patients after about 4-6 weeks of treatment
[17]. It is due to bone marrow depletion of copper since proliferation
of bone marrow cells requires copper, and TM is a very potent agent in
lowering copper availability. It is quickly responsive to a drug holiday
of a few doses, followed by a dose reduction by one half, or one can

J Gastrointest Dig Syst
ISSN:2161-069X JGDS, an open access journal

avoid the problem by simply reducing the dose by a half in the first
place. The second side effect also occurs in about 10-15% of cases. It is
a further elevation of AST and ALT levels, usually to three to four
times the upper limit of normal, again at about 4-6 weeks after
initiation of therapy [17]. Since this has not been seen in several
hundred cancer patients treated with TM, and since in a clinical trial
in primary biliary cirrhosis [50], TM actually lowered AST and ALT
levels, it is clear that this side effect is specific to WD, no doubt due to
the large load of hepatic copper these patients have. In the primary
biliary cirrhosis double blind trial, 13 patients were given TM in
sufficient dose to lower the serum Cp to 10-15 mg/dl, about half
normal, and 15 patients were given placebo, for 13 months. Primary
endpoints of reduction in ALT and AST levels, and tumor necrosis
factor alpha, were achieved. Adverse events in TM patients were
limited to mild anemia and leucopenia if the Cp was pushed too low,
with quick recovery by lowering the TM dose. These results show that
TM does not raise AST or ALT in non-Wilson’s patients. TM is the
only anticopper drug that can remove copper from metallothionein,
and since much of the hepatic copper in WD is bound to
metallothionein, it appears these transaminase elevations are due to
shifting copper pools in the WD liver caused by TM. This results in a
mild increase in hepatitis. This is also responsive to a brief drug
holiday, or lowering the TM dose, and is always transitory.
Since both side effects do not occur early in TM therapy and both
are responsive to halving the dose, a drug regimen of a full loading
dose of TM for two weeks, then lowering the dose by half for the next
14 weeks was tried. Thus, with this regimen the patient receives the full
total dose of TM, or a little more. This regimen markedly reduced the
incidence of both of these side effects [Brewer, unpublished].
In these studies a therapeutic dose of zinc, 50 mg 3 times per day
has been given with the TM regimen. The reason is that zinc induces
hepatic methallothionein which will bind up some free copper in the
liver and reduce liver damage. It also makes a smooth transition to
zinc maintenance therapy. Patients are treated with zinc indefinitely.
They recover neurologic function very nicely, mostly in the first year,
but some in the second year as well [17,48]. Depending on the severity
of the brain damage when therapy is started, some disability may
persist.

Treatment of Various Phases of Wilson’s Disease
For several decades, after the diagnosis of WD, treatment was
simple- just push the penicillamine button. And unfortunately, some
uninformed physicians still do that. But the modern treatment of WD
has evolved, and outcomes are much better if different phases of the
disease are considered, and appropriate treatment used for each.
Treatment of the various phases will be considered next. Table 2
summarizes treatment recommendations for each phase.
Treatment Choice

Phase of Patient

First
Hepatic
presentation

failure Trientine and zinc

Neurologic presentation

Second
Penicillamine and zinc

(4-6 months)

(4-6 months)

Tetrathiomolybdate

Zinc

(if available)
Maintenance

Zinc

Trientine

Presymptomatic

Zinc

Trientine
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Pregnancy

Pediatric

Zinc

Trientine

(loosen copper control)

(loosen copper control)

Zinc

Trientine

(reduced dose)

(reduced dose)

Table 2: Recommended anticopper therapy for different phases of
Wilson’s disease patients.

Treatment of Acute Hepatic Presentation with
Elements of Liver Failure
For clarification, here patients presenting with some elements of
hepatic decompensation, such as elevated bilirubin level, or reduced
albumin level, are considered. Patients only manifesting hepatitis, such
as elevated AST and/or ALT levels, are considered presymptomatic,
and their treatment is discussed in that section.
The first thing that should be done is evaluate the level of hepatic
failure. The prognostic index of Nazer et al. [51] is invaluable for this
purpose. This index uses the level of bilirubin, AST, and increase in
prothrombin time to develop a score. We should point out that the
Nazer et al scoring system has been updated by adding white blood
count and albumin to the scoring system. The new system is called the
King College Score [52], and it is recommended by the European
Association for the Study of Liver (EASL). Since our experience is with
the Nazer scoring system, we will use it. The Nazer et al [51] scoring
system is reproduced in Table 3. One note of caution- if the patient is
hemolyzing, as some patients with the hepatic presentation do, the
bilirubin level is no longer useful to evaluate liver function, and this
scoring system should not be used. As originally proposed, a score of
1-6 indicated medical treatment would be successful, but a score of
7-12 indicated the patient would die unless a liver transplant was done.
Laboratory

Normal

measureme
nt

value

Serum
bilirubin
Serum
aspartate

Score (in points)
0

1

2

3

4

0.2-1.2
mg/dl

<5.8

5.8-8.
8

8.8-11
.7

11.7-1
7.5

>17.5

10-35
IU/L

<100

100-1
50

151-2
00

201-3
00

>300

0

<4

04Aug

09Dec

13-20

>20

transaminase
(AST)
Prolongation
of
prothrombin
time
(seconds)

Table 3: Prognostic Index of Nazer et al. [51].
The index was developed when the only medical treatment was
penicillamine. All patients with a score of 7 or above died in spite of
penicillamine treatment. A treatment regimen where the index can be
pushed up to 9 for medical treatment has been developed using a
combination of trientine and zinc, both in their standard therapeutic
doses, but doses separated from each other by at least one hour (Table
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2). This is maintained for 4-6 months, then one is stopped and the
other continued for maintenance therapy. Using this regimen, patients
with Nazer scores as high as 9 have been successfully treated [53]. One
caution - patients with Nazer scores of 7-9 have marginal hepatic
function. If during medical therapy, liver function begins
deteriorating, hepatic transplantation may be necessary to save the
patient’s life.
This regimen may be more effective than penicillamine alone due to
the addition of zinc. Zinc will induce hepatic metallothionein, which
will bind up some of the hepatic copper, and in that way help reduce
further hepatic copper toxicity. Penicillamine can be substituted for
trientine in this regimen (Table 2) but that is a second choice, because
of the lower toxicity of trientine (Table 1).

Treatment of the Acute Neurologic Presentation
Many of the rationales for the recommendations for treating this
phase of WD is given in the sections dealing with the individual
anticopper drugs. Thus, penicillamine and trientine often make this
type of patients neurologically worse (originally estimated at 50% for
penicillamine [13] recently measured at 30% for penicillamine [15],
and measured at 26% for trientine [17], and patients who worsen,
often do not recover. Thus, these two drugs are contraindicated in
treating this kind of patient. It has been suggested that this worsening
induced by chelators can be avoided by starting with low dose of drug
and gradually escalating the dose. However, there is no published data
that this approach works, and those physicians who have reported to
the author on their experience with this approach, have said it doesn’t
work. So, at this time, the recommendation is not to use chelators for
initial neurological therapy. Zinc, while it doesn’t have the effect of
drug catalyzed worsening that the other two drugs have, is slow acting,
and the disease can progress as a result of its own natural history
during the 6-12 months it takes zinc to gain control of further copper
toxicity.
Thus, TM is the first choice for treating this kind patient (Table 2).
If TM is unavailable, zinc is the second choice. The use of either
trientine or penicillamine is not recommended for this type of patient
because too many disastrous outcomes from use of these drugs have
been seen.

Maintenance Therapy
Maintenance therapy is defined as the lifelong therapy after
adequate initial treatment of the hepatic or neurologic presentation, or
in the case of presymptomatic patients, from time of diagnosis. The
first choice for maintenance therapy is zinc (Table 2). Trientine is a
reasonable second choice but zinc is chosen as first because of its fewer
side effects. Some side effects initially assigned to zinc, inhibition of
lymphocytic function [34], causing pancreatitis [26], and a negative
effect on cholesterol levels [30] were just not true, as has been shown.
Zinc does cause gastric intolerance in 5-10% of patients (Table 1). This
can often mitigated by taking the first morning dose midmorning
instead of prior to breakfast, or taking offending doses with a little
protein (lunch meat, hamburger meat, jello, cheese - no bread). If the
irritation cannot be adequately mitigated, trientine should be taken.
This is a much better choice than becoming only partially compliant,
or non-compliant, with prescribed zinc therapy.
It has been published (reference [54] is an example) that a larger
number of zinc treated WD patients do not do as well long term as
chelator treated patients. Another example of a somewhat negative
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report on zinc therapy is a paper where 17 symptomatic WD patients
were treated with zinc from the beginning. They found that some liver
disease patients suffered deterioration in liver function. Two of 10
patients with neurologic disease developed new hepatic disease [55].
Then there is the paper by Gunther et al. [56]. These authors found
that 36 of 84 (43%) patients were not adequately treated with zinc,
using an oral 64 Cu absorption test. But the problem with the papers is
that these authors have not verified compliance status in their longtreated patients. It has been shown in 40 out of 40 patients, in which
nurses were administering the zinc, zinc was fully effective as
measured by copper balance and 64 Cu absorption test [29]. No drug
will work if it is not taken adequately. Compliance is a problem for all
drug treatments of WD, because it is a lifelong therapy and many of
the patients are young. However, it is more of a problem for zinc
therapy because of the gastric irritation caused by zinc in some of the
patients. This becomes a partial barrier to taking all the doses of the
drug, and an encouragement to take it with food, which renders it
much less effective.
In a large series of carefully followed patients, where 24 hour urine
samples were frequently sent in by mail to check compliance,
intermittent compliance problems occurred in about 25% of patients
[35]. These patients were counseled and all resumed adequate therapy.
Only one patient whose liver disease progressed on zinc therapy was
observed. While his urine zinc levels seemed to indicate he was taking
his zinc, his urine copper levels gradually increased. After he died of
progressive liver failure, his wife sent back multiple bottles of the zinc
that had been provided him free. He was taking zinc only a week or
two before his urine test, but not otherwise. His wife said the zinc
bothered his stomach.

Treatment of the Pregnant Patient
There is no restriction against pregnancy in WD patients as long as
they are in the maintenance phase of therapy, and as long as hepatic
function is deemed adequate by the obstetrician. It is extremely
important to maintain anticopper therapy during pregnancy to protect
the health of the mother. During the period when penicillamine was
the only therapy, and knowing that penicillamine is teratogenic, some
pregnant women stopped penicillamine, with disastrous results,
including many deaths [3,6].
The first choice for treatment during pregnancy is zinc (Table 2).
The Brewer group had good results with zinc therapy during
pregnancy, treating 26 pregnancies in 19 women, with good protection
of the mother’s health, and with only two birth defects [37].
Interestingly, both of these birth defects were in women who had the
tightest control of copper, with quite low 24 hour urine copper values.
This suggests that birth defects may be at a greater risk if the copper
availability to the fetus is low. Copper deficiency is a known
teratogenic entity. These observations have led to a recommendation
to loosen up on copper control during pregnancy (Table 2). Normally
during zinc therapy it is recommended that the 24 hour urine copper
be kept between 60 and 125 µg (normal is 50 µg or below, but WD
patients remain higher for years with the slow release of stored hepatic
copper). During pregnancy, the 24 hour urine copper should be kept
between 75 and 150 µg, a little higher than usual, to try to be sure to
provide the fetus with adequate copper.

Based on these long term studies, zinc is clearly effective for
maintenance therapy in all cases of WD, if a patient takes it. Trientine
is a good second choice. Penicillamine should not be used for long
term therapy because of its long term side effects, some of which are
not manifested until several years of therapy.

The second choice for treating the pregnant patient is trientine
(Table 2). There are scattered reports of pregnant patients treated
successfully with trientine. Based on experience with zinc,
recommendations are against tight control of copper with trientine
during pregnancy, but it is a little more difficult to make a specific
recommendation, since 24 hour urine copper is not a direct reflection
of body copper loading, as it is with zinc. Treating pregnant patients
with penicillamine is not recommended because of its teratogenicity.

Treatment of the Presymptomatic Patient

Treatment of the Pediatric Patient

These patients are usually identified as the result of family workups.
They are usually siblings of an affected patient. Once diagnosed, it is
important to treat them, because the disease is close to 100 %
penetrant, and they will surely become ill with either liver disease or
brain disease if untreated. So it is good preventive medicine to
diagnose and then treat these patients. These type of patients will quite
often have evidence of some hepatitis, as revealed by elevated AST and
ALT levels. These patients with laboratory evidence of hepatitis are
viewed as still presymptomatic, and are treated as such. If the patient
has evidence of hepatic decompensation, such as elevated bilirubin or
low albumin, they are treated as an hepatic presentation, as discussed
in that section.

If a pediatric patient presents clinically with hepatic or neurologic
symptoms, they should be treated as given in those clinical sections.
For maintenance therapy, zinc is recommended as first choice (Table
2) with a reduced dose depending on age and/or weight. For patients
up to age 6, the dose is 25 mg 2 times/day. For ages 6-15, or with a
weight less than 125 pounds, the dose is 25 mg 3 times/day, after age
15, or a weight of 125 pounds, the adult dose of 50 mg 3 times/day is
used.

The first choice for treating presymptomatic patients is zinc (Table
2). As discussed in the zinc section, it has few side effects and it is the
easiest to monitor. It has 100% efficacy, if compliance isn’t a problem
[57].
The second choice is trientine (Table 2). Trientine is particularly a
good choice for patients who have enough gastric intolerance of zinc
that it threatens compliance. Although trientine has more side effects,
it is much better to be on trientine and risk those side effects than to be
on zinc and comply so poorly that the disease becomes increasingly
symptomatic.
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These doses have been successfully used in 34 pediatric patients
[36]. These same doses have subsequently been successfully used in a
pediatric study by Marcellini et al. [58]. This latter study had many
children in younger age groups, while the first study [36] was a bit thin
with very young children. These two studies demonstrate congruently
that zinc is an excellent choice for treating pediatric patients. The
Marcellini et al. [58] study also showed with repeat liver biopsy that
the liver damage, which is present in all these children, gradually
improves over years of zinc therapy.
The second choice for treating this group would be trientine (Table
2), although there is limited experience with appropriate dosing.
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Conclusion
There are two major problems with the current treatment of WD.
One is, in the absence of TM availability, too many physicians are
treating neurologically presenting patients with a chelator,
penicillamine or trientine. This is a disastrous mistake, because large
numbers of these patients are permanently disabled. Until TM is
available, and this is being worked on, zinc is a far better choice for
these patients. Patients may worsen a little before zinc gains control of
copper toxicity, but the disastrous drug-catalyzed worsening is
avoided. The approval of TM for neurologically presenting patients is
sorely needed to fill this therapeutic hiatus.
The second problem is that some authors are inappropriately
claiming “zinc failures” during maintenance therapy: It must be
understood that zinc is 100% effective if taken properly. Reports to the
contrary are from authors who have not evaluated compliance, and
noncompliance due to gastric irritation is usually the reason that zinc
is thought to be ineffective.
A new zinc formulation solving the problem of gastric irritation
would be very useful to a large number of WD patients, and one is in
the works [59].
Zinc is available, it is usually cheap, it is effective, and in most
patients well-tolerated, so it is appropriately becoming a mainstay of
WD therapy. Zinc can also be relatively expensive, if taken as Galzin,
the prescription drug. But many patients take over the counter forms
of zinc which are inexpensive. A common salt used is zinc gluconate,
which like the zinc salt in Galzin, zinc acetate, is much better tolerated
than zinc sulfate, and more effective than zinc oxide.
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