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Penicillamine is an oral agent used to treat intracerebral
copper overload in Wilson’s disease. Copper is a known
regulator of angiogenesis; copper reduction inhibits
experimental glioma growth and invasiveness. This study
examined the feasibility, safety, and efficacy of creating
a copper deficiency in human glioblastoma multiforme.
Forty eligible patients with newly diagnosed glioblas-
toma multiforme began radiation therapy (6000 cGy in
30 fractions) in conjunction with a low-copper diet and
escalating doses of penicillamine. Serum copper was mea-
sured at baseline and monthly. The primary end point of
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this study was overall survival compared to historical
controls within the NABTT CNS Consortium database.
The 25 males and 15 females who were enrolled had a
median age of 54 years and a median Karnofsky perfor-
mance status of 90. Surgical resection was performed
in 83% of these patients. Normal serum copper levels
at baseline (median, 130 pg/dl; range, 50-227 pg/dl)
fell to the target range of <50 pg/dl (median, 42 pg/dl;
range, 12-118 pg/dl) after two months. Penicillamine-
induced hypocupremia was well tolerated for months.
Drug-related myelosuppression, elevated liver function
tests, and skin rash rapidly reversed with copper reple-
tion. Median survival was 11.3 months, and progression-
free survival was 7.1 months. Achievement of hypocu-
premia did not significantly increase survival. Although
serum copper was effectively reduced by diet and peni-
cillamine, this antiangiogenesis strategy did not improve
survival in patients with glioblastoma multiforme.
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espite medical and surgical advances during the
Dpast 25 years that have improved survival for

many types of brain tumors, glioblastoma mul-
tiforme remains a therapeutic challenge (Davis et al.,
1998). The median survival remains less than 11 months,
and less than four months for patients over 65 years of
age (Davis et al., 1998). Standard treatment consists of
aggressive cytoreductive surgery followed by radiother-
apy (Lacroix et al., 2001). A modest survival benefit of
chemotherapy has recently been reported (Stupp et al.,
2004; Westphal et al., 2003). Clearly, new approaches to
the treatment of glioblastoma are crucial (Grossman and
Batara, 2004).

Antiangiogenic therapy is a promising approach to
targeted cancer treatment (Brem, 2004; Godard et al.,
2003; Kerbel, 2001). For malignant brain tumors, it
can overcome two of the major problems that confront
neuro-oncology: poor drug delivery (Carmeliet and Jain,
2000) and drug resistance (Carmeliet and Jain, 2000;
Kerbel, 2001). Because glioblastomas show the highest
degree of angiogenesis of all human tumors, we hypoth-
esized that malignant brain tumors would be vulnerable
to antiangiogenesis therapy (Brem et al., 1972).

A rigorous test of an angiogenesis inhibitor is its abil-
ity to block neovascularization in a highly vascularized
organ, such as the brain. Preclinical “proof-of-principle”
experiments demonstrated that, with copper reduction,
malignant tumor growth and invasiveness were con-
trolled within the brain by antiangiogenesis (Brem et
al., 1990a, b). We selected copper as a target because it
is an obligatory cofactor of angiogenesis (Brem, 2004;
Sproull et al., 2003). Copper ions stimulate endothelial
cell proliferation (Hu, 1998), and tissue levels of cop-
per increase prior to the onset of angiogenesis (Ziche et
al., 1982). Copper reduction inactivates the function of
structurally diverse angiogenic factors, cytokines, and
prostaglandins (Brem, 2004; Pan et al., 2002; Ziche et
al., 1982). Copper depletion inhibits the angiogenesis
response stimulated by implants of human brain tumors
(Alpern-Elran and Brem, 1983).

An ideal antiangiogenic agent for malignant brain
tumors would be (1) potent, (2) bioavailable after oral
administration, (3) active within the brain, (4) sustain-
able over a long duration, (5) effective on angiogenesis-
specific targets, (6) relatively nontoxic, (7) and chemi-
cally stable, and it would (8) enable surrogate end points
to monitor efficacy (Fine et al., 2000; Puduvalli and
Sawaya, 2000). Penicillamine fulfills these criteria. It is
chemically stable, FDA-approved, and in current clini-
cal use for long-term treatment of rheumatoid arthritis
and Wilson’s disease, where penicillamine clears copper
deposits in the brain (Marsden, 1987). Penicillamine is a
direct angiogenesis inhibitor in clinically relevant doses
(Matsubara et al., 1989).

Materials and Methods

This clinical trial was designed to evaluate the efficacy of
a noncytotoxic agent in conjunction with radiation ther-
apy in patients with newly diagnosed glioblastoma mul-

Brem et al.: Penicillamine and copper reduction for glioblastoma

tiforme with or without measurable disease. The study
was conducted by the New Approaches to Brain Tumor
Therapy (NABTT)!' CNS Consortium and was approved
by the National Cancer Institute, Cancer Therapy Eval-
uation Program, as well as the Institutional Review
Boards at each of the five participating sites (Grossman
et al., 2002). Informed consent was obtained from each
patient. The primary end point was overall survival.
Secondary end points included reduction of serum cop-
per, time to tumor progression, and reduction of tumor
volume.

Patients and Treatment

The following criteria determined eligibility: histologi-
cally confirmed glioblastoma multiforme; age =18 years;
Karnofsky performance status (KPS) =60; adequate
renal, hepatic, and hematological function; and ability
to provide informed consent. The required laboratory
values, within two weeks of starting treatment, included
the following: hemoglobin =10.0 g/dl, WBC =3000/
mm?, absolute neutrophil count =1500/mm?, platelet
count =100,000/mm?, creatinine <1.7 mg or blood urea
nitrogen <40; bilirubin <2.0 mg/dl, aspartate amino
transferase and amino alanine transferase enzymes <4
times normal, albumin =3.0 g/dl, prothrombin time and
partial prothrombin time <1.5 times normal.

Exclusion criteria were penicillin allergy, pregnancy,
serious concurrent illness, or concomitant use of other
investigational agents. In addition to copper reduction,
patients received “best available therapy” consisting of
cytoreductive surgery for maximal debulking with pres-
ervation of neurological function and radiation therapy,
6000 cGy, in 30 fractions with field reductions after 4600
cGy. Patients recovered from surgery and had a stable
corticosteroid regimen for at least one week. There were
monthly physical and neurologic examinations, as well
as evaluations of toxicity, dietary record, and laboratory
values (complete blood count, serum biochemistries,
anticonvulsant levels, urinalysis with microanalysis for
protein, and a 24-h urine collection for copper, protein,
and creatinine). Every two months, there was an assess-
ment of tumor size by MRI (Fine et al., 2000).

Treatment to reduce copper began on the same day
as the start of radiation therapy, using an initial dose
of 250 mg daily of penicillamine, with dose escalation
weekly for five weeks to reach maintenance dose of 2 g
per day. The dosage schema was based on the known
schedule effective for long-term treatment of Wilson’s
disease. A low-copper diet plus a mineral-free multi-
vitamin preparation was used concurrently with penicil-
lamine. Because penicillamine increases the requirement
for pyridoxine (vitamin Bg), and to prevent lowering of
the seizure threshold (Smith and Gallagher, 1970), sup-
plemental pyridoxine, 25 mg orally daily, was given for
the duration of the study.

Copper Balance

Serum copper was measured at entry (baseline), after the
first week, after the first month, and at monthly inter-
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vals thereafter. The serum copper level was used as an
intermediate end point, as a guide to patient compliance,
and as a measure of the effectiveness of the treatment
to reduce body copper. The objective was to maintain
patients in moderate hypocupremia (<50 pg/dl) with-
out developing signs of copper deficiency, consistent
with the concept of “undernutrition without malnutri-
tion” (Weindruch and Walford, 1982). The target was
50% reduction of the serum copper level, normally in
the range of 70 to 150 pg/dl with a mean of 110 pg/dl
(Turnlund et al., 1997; Williams, 1993).

Serum and urine copper levels were determined for
each patient by using atomic absorption spectrophotom-
etry (performed at SmithKline Beecham Laboratories,
Research Triangle Park, N.C.). For this, 7 ml of whole
blood was collected in blue-top vacutainers by using cop-
per-free syringes, anticoagulated with copper-free and
zinc-free heparin, and refrigerated during storage and
shipping. A 24-h urine sample was collected monthly in
copper-free plastic containers, containing 20 ml of 6N
HCl as preservative. Urinary creatinine and protein were
also measured to detect potential nephrotoxicity.

Penicillamine was reduced to a dose of 250 mg daily if
clinical (fatigue, infection) or laboratory (anemia, leuko-
penia) signs of hypocupremia appeared in the presence
of serum copper <50 pg/dl and/or the patient developed
grade 3 toxicity. Potential dose-dependent toxicities
(Singh et al., 1991) attributable to penicillamine, such
as early skin rash, thrombocytopenia, neutropenia, or
fever, led to dose reduction to 250 mg daily. Patients
were discontinued from the trial if the symptoms/signs
did not resolve within one month. Penicillamine was
immediately reduced to the 250-mg daily dose if a grade
3 toxicity appeared, and it was discontinued if the tox-
icity persisted after 14 days on the lower dose. If the
patient had signs of copper deficiency and a serum cop-
per level <50 pg/dl, the penicillamine was reduced to
250 mg daily. Penicillamine was discontinued and the
patient was removed from the protocol for grade 4 toxic-
ity or disease progression.

Because skin rash is a common side effect of diphe-
nylhydantoin, phenobarbital, or carbamazepine, as well
as penicillamine, the use of these anticonvulsants was
discouraged. Instead, valproic acid, gabapentin, or topi-
ramate could be substituted. Alternatively, anticonvul-
sants could be withheld at the discretion of the physician.
Other permitted medications included glucorticosteroids
and antiemetic drugs. Transfusions of platelets or red
blood cells were permitted for grade 2—4 toxicities or
for anemia in the postoperative period, or during the
trial, as penicillamine and/or copper deficiency can lead
to a microcytic anemia that is nonresponsive to iron.
Exogenous growth factors, gold compounds, and herbal
dietary supplements were not permitted.

Pharmacokinetics of Penicillamine

Penicillamine is well absorbed (40%-70%) from the
gastrointestinal tract after oral administration (Joyce,
1989; Netter et al., 1987). Peak blood concentrations
are attained in one to three hours. Absorption of penicil-
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lamine is reduced by 50% if given simultaneously with
food, ferrous sulfate, or antacids (Joyce, 1989; Netter et
al., 1987); therefore, penicillamine was given to patients
between or after meals. Monitoring of penicillamine is
technically difficult because of the presence of endog-
enous compounds with a thiol function and the presence
of various metabolic byproducts of penicillamine (Net-
ter et al., 1987). Serum concentration of penicillamine
does not correlate with biological or clinical activity
(Netter et al., 1987) and therefore was not used as an
end point in the clinical trial design.

Nutritional Intervention: Low-Copper Diet

Prior to registration, each patient met with a nutrition-
ist; commitment to maintaining a low-copper diet was
required for eligibility. The low-copper diet was devel-
oped to allow patients flexibility with the selection of
foods to enhance quality of life and compliance. A diet
with a limit of 0.5 mg of copper per day was developed
by the Moffitt Department of Nutrition. Foods high in
copper (meat, especially liver; shellfish; white bread;
potatoes; peanut butter; and carbonated soft drinks)
were replaced with foods low in copper (Turnlund et al.,
1997). Copper-free cookware and distilled water were
used. The diet provided an exchange list format simi-
lar to those used in diabetic, Weight Watchers (Weight
Watchers International, New York, N.Y.), and renal
diets. Copper-free foods were listed to provide adequate
calories and micronutrients. The nutritionists developed
a high-calorie, low-copper, “milkshake” beverage that
provided a sense of satisfaction and satiety.

To confirm compliance with the diet, the nutrition-
ist calculated the copper content and reviewed a diary
of food intake of two consecutive days per month. The
nutritionist called the patient every two weeks; the serum
copper level, however, served as the ultimate index of
compliance with the diet.

Statistical Methods

The primary efficacy analysis included all accrued patients,
and analyses were based on intention to treat. Overall
survival time was calculated as the time from histological
diagnosis until death from any cause, and progression-
free survival time was calculated from histological diag-
nosis until progression or death. Event times were cen-
sored if the patient was alive and had not progressed for
progression-free survival at the time of last follow-up.
The failure rate was calculated as the number of deaths
divided by the total exposure (follow-up time).

Patient characteristics, prognostic factors, and sur-
vival were compared to data in the NABTT database of
patients with newly diagnosed glioblastoma (N = 179),
with or without measurable disease treated with concur-
rent radiation therapy and either an angiogenesis inhibi-
tor (suramin or carboxyamidotriazole) or the radiosen-
sitizer RSR 13. Patients accrued to these reference trials
within a similar time frame (1997-2001), according to
similar eligibility criteria, and within the same coopera-
tive group (Grossman et al., 2002).
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Survival distributions were estimated by using the
product limit method (Kaplan and Meier, 1958) and
compared by using the log-rank test (Kalbfleisch and
Prentice, 1980). To control for the effects of prognostic
factors on survival, adjusted risk ratios were calculated
by using the proportional hazards regression model
(Cox, 1972). These prognostic factors include age, KPS,
and extent of surgical resection, coded as craniotomy
for resection or biopsy (Barker et al., 2001; Davis et al.,
1998; Lacroix et al., 2001).

Differences in patient characteristics between groups
were tested for statistical significance by using chi-square
and ¢ tests. Confidence intervals (Cls) were calculated by
using standard methods. SAS software version 8.2 (SAS
Institute, Cary, N.C.) was used to perform analyses. All
reported P values were two-sided.

Results

Forty patients with histologically confirmed, newly diag-
nosed glioblastoma were accrued at five NABTT institu-
tions between March 1999 and April 2000. All patients
(25 males, 15 females) met the eligibility criteria. The
patient characteristics at entry (Table 1) were similar to
those of the reference group with respect to age, gender,
race, KPS, and extent of surgery.

Thirty-eight of the 40 patients accrued to this study
have died. The total follow-up time of all patients in this
trial was 46.4 patient-years. The two surviving patients
have been followed for more than 30 months. The failure
rate was 0.82 (95% CI, 0.60-1.13) deaths per patient-
year. Median survival was 11.3 (95% CI, 9.3-15.4)
months, and median progression-free survival was 7.1
(95% CI, 6.2-8.5) months. The survival and the failure
rates for patients in this study were compared to those of
the NABTT reference group (Fig. 1; P = 0.52, log-rank
test). At 18 months, survival in the intent-to-treat group
was 30% compared to ~25% for the reference group
(Table 2). Median survival for the reference group was
12.1 (95% CI, 10.3-12.9) months. The estimated haz-
ard ratio for patients in this study in comparison to the

Table 1. Patient characteristics*

NABTT
Penicillamine  Reference
Group Group
Characteristic (N = 40) (N =179) P
Sex (male) 25 (63%) 119 (66%) 0.63
Race (white) 38 (95%) 171 (96%) 0.88
Age (years) 53.8 (9.4) 56.2 (10.9) 0.19

Karnofsky performance
status 88.0 (8.8) 86.7 (11.2)"  0.49

Extent of surgery (biopsy) 7 (18%) 32 (18.1%)" 1.0

*Baseline demographics values are expressed either as the mean (SD) or N (%) from
the NABTT database of 179 patients for studies evaluating biological therapies in
newly diagnosed glioblastoma with microscopic or macroscopic disease.

N = 178 for Karnofsky performance status, and n = 177 for extent of surgery because
of incomplete data.
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Fig. 1. Overall survival (Kaplan-Meier curves) for penicillamine
study (solid line) compared to other NABTT trials of treatment
concurrent with RT (broken line).

reference group was not significant (hazard ratio = 0.89;
P =0.52;95% CI, 0.62-1.27). Even after adjusting for
age, KPS, and extent of surgery, the hazard ratio was not
suggestive of survival benefit (estimated hazard ratio =
0.91, P = 0.61; Table 3).

Patients surviving more than 90 days were stratified
by whether or not they had attained hypocupremia (one
serum copper level <50 pg/dl). Of the 38 patients alive
for at least 90 days, 19 of 21 who had serum copper
levels below the cut point died, whereas all 17 patients
who failed to achieve hypocupremia had died. The
median survival time for the hypocupremic group was
11.5 months and for the normocupremic group was
12.5 months (Fig. 2; P = 0.25, log-rank test). When
this analysis was repeated using 20 pg/dl as a cutoff,
there still was no significant difference in survival. One
patient who had an extremely low (nondetectable) level
of serum copper succumbed to a rapid recurrence of the
glioblastoma.

Clinically significant levels of hypocupremia were
achieved after 10 weeks of penicillamine therapy (Fig. 3).
The baseline levels of serum copper were either normal
or elevated in all but five patients (median, 130 pg/dl;
range, 50-227 pg/dl). In a few patients, the serum cop-
per level paradoxically rose slightly after therapy was ini-
tiated, despite adherence to penicillamine and the diet,
as excess copper was being mobilized from body stores.

Table 2. Percent survival and 95% confidence intervals

Penicillamine Patients Reference Patients

Time Survival Survival
(months) Rate (%) 95% CI Rate (%) 95% CI
6 775 64.6-90.4 80.5 74.6-86.3
12 45.0 29.6-60.4 50.8 43.5-58.2
18 30.0 15.8-44.2 24.6 18.3-30.9
Neuro-Oncology JULY 2005 249
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Table 3. Proportional hazards regression model adjusting for
prognostic factors comparing penicillamine study group to NABTT
reference group

Hazard Ratio

Variable (95% CI) P

0.91 (0.64-1.30) 0.61
1.32 (1.16-1.51)  0.0001

Penicillamine vs. NABTT reference
Age (decade increase)

Karnofsky performance status

(10 point increase) 0.84 (0.74-0.95)  0.007

Biopsy vs. resection 1.24 (0.86-1.79) 0.25

After two months, the copper levels reached the thera-
peutic target (median, 42 wg/dl; range, 12-118 pg/dl).
Clinically significant hypocupremia was sustainable
throughout the study for the majority of patients. For a
few patients, the requirement of a restricted diet, includ-
ing distilled water, was not tolerated, and these patients
voluntarily removed themselves from the protocol. For
many other patients, however, the ability to monitor
and potentially control the copper level was viewed
positively, and these patients enthusiastically adhered
to the diet. Penicillamine compliance was confirmed by
elevated levels of copper in the urine.

Clinically significant hypocupremia was well toler-
ated. There were no reports of grade 3 or 4 anemia,
sepsis, or osteoporosis attributable to hypocupremia.
Hypocupremia was rapidly reversed by copper reple-
tion in patients who developed intolerance or toxicity.
There were no toxicities linked to copper repletion, such
as rapid recurrence of the tumor or other “rebound”
effects.

Two patients were maintained on penicillamine for
more than three years without evidence of toxicity. The
toxicity profile (Table 4) was consistent with known side
effects of penicillamine (Singh et al., 1991) and mild
copper deficiency, that is, hematological (leukopenia)
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Fig. 2. Overall survival (Kaplan-Meier curves) for patients achiev-
ing low copper by three months (solid line) compared to those that
did not (broken line).
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Fig. 3. Hypocupremia achieved after penicillamine therapy. The
dashed line represents the targeted serum copper level of 50 pg/dl.
The solid line connects the median levels from each monthly visit
for the patients that were sampled. At the baseline visit (month 0)
data were available on 36 patients. At month 6, only 15 patients

and cutaneous. Potential vascular-related toxicities, such
as vasogenic edema, hemorrhage, thromboembolism,
neurocognitive decline, cerebral ischemia, vasculitis,
nephropathy, alopecia, or impaired wound healing, were
not observed. There were no neurological toxicities such
as dementia, increased seizure incidence, or increased
steroid dependency linked to penicillamine and copper
reduction.

Because the study treatment was a cytostatic agent
administered with radiation therapy, tumor response
was not a primary end point. Significant reductions in
contrast-enhancing tumor were uncommon on this

Table 4. Major (grade 3/4) penicillamine-related toxicities

Toxicity Grade 3 Grade 4

Leukopenia 1
Granulocytopenia
Thrombocytopenia
Skin rash
Hyperglycemia
Elevated SGPT
Elevated SGOT
Headache 1
Seizure
Dyspnea
Pleuritic pain

= N NN WO,

Hypocalcemia
Allergic reaction
Myositis
Insomnia

RN L (U U U UL G N

Vomiting
Total 28 2
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protocol. Tumors treated with this therapy progressed
rapidly and, as noted above, the overall survival of the
patients was not improved.

Discussion

This study demonstrates that hypercupremia (Coates et
al., 1989; Diez et al., 1989; Linder and Hazegh-Azam,
1996; Turecky et al., 1984), one hallmark of cancer, can
be reversed by nutritional and pharmacological inter-
vention. Because animal studies have shown that cop-
per deficiency can suppress the malignant phenotype,
including tumor growth and angiogenesis (Brem et al.,
1990a, b; Khan et al., 2002; Pan et al., 2002; Yoshida
et al., 1995; Yoshii et al., 2001), we evaluated copper
reduction as a novel metabolic approach for the treat-
ment of glioblastoma. An advantage of copper reduc-
tion as an antiangiogenesis therapy is that its effect can
be frequently monitored through easily available serum
tests of serum copper, used both as a surrogate marker
of copper status and as a therapeutic target.

This study also demonstrates that both penicillamine
and the low-copper diet were reasonably well tolerated.
The serum copper remained low chronically, with uri-
nary copper clearance providing further evidence of
compliance. Most patients were able to cooperate and
sustain hypocupremia. This study demonstrates the
feasibility of nutritional and metabolic intervention for
patients with brain tumors.

Until recently, there have been few angiogenesis
inhibitors suitable for clinical trials (Kerbel, 2001). Peni-
cillamine was shown previously to have antiangiogenic
(Matsubara et al., 1989) and antineoplastic properties
(Brem et al., 1990a, b; Hourani and Demopoulos, 1969;
Jong-Hon et al., 1993; Littman et al., 1963) in labora-
tory investigations, but it has not previously been used
in clinical trials against human cancer.

The toxicity profile of penicillamine in the current
study (Table 4) is similar to that previously described
for its use in rheumatoid arthritis (Singh et al., 1991),
mainly hematological (leukopenia and thrombocytope-
nia) and correctable with dose reduction or discontinu-
ation of penicillamine. Many of the potential toxicities
associated with copper deficiency or vascular-targeted
therapies were not observed in this cohort of patients.
Specifically, we did not observe brain hemorrhages
(Takano et al., 1994), thrombosis (DeVore et al., 2000),
impaired wound healing (Brem et al., 1997), or neuro-
cognitive decline (Strausak et al., 2001). The cutaneous
and hematological toxicity of penicillamine and copper
reduction was reversed by discontinuation of the drug
and/or repletion of copper with copper tablets. There
were no adverse events, such as tumor regrowth, associ-
ated with copper repletion. One death in this group of
patients was due to Prneumocystis carinii pneumonia,
previously reported in steroid-dependent patients with
brain tumors (Schiff, 1996).

The effect of penicillamine on survival was estimated
with reasonable precision in many ways, and none of
these supported a clinically relevant benefit. The 95%
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CI for the adjusted hazard ratio was 0.64 to 1.3. The
median survival was 11.3 months, comparable to stan-
dard therapy combining cytoreductive surgery and radi-
ation therapy. Furthermore, when survival of patients
who reached the target level of 50 wg/dl was compared
with that of normocupremic patients, there was no sig-
nificant difference in survival. The NABTT trials of
cytostatic agents, such as antiangiogenesis compounds,
are an appropriate reference group because the eligibility
criteria, protocol design, and accruing institutions are
similar for a broad range of trial agents. The progression-
free survival and overall survival were similar to the sur-
vival data reported for the reference group.

The inability to produce a significant increase in sur-
vival in the clinical trial, in contrast to the preclinical
study (Brem et al., 1990a), illustrates some of the diffi-
culties associated with translating angiogenesis drug dis-
covery from the laboratory to the clinic (Kerbel, 2001).
Several possibilities could explain the disparity. First,
the experimental animals were pretreated with penicil-
lamine and a low-copper diet, and then the tumor cells
were implanted, suggesting that hypocupremia might
be more effective prior to the onset of the “switch” to
the angiogenesis phenotype, as in low-grade gliomas
or anaplastic astrocytomas (Brat et al., 2002). Second,
genomic analysis of the human tumor endothelium
indicates that the gene expression of the tumor micro-
vasculature is highly variable, more closely resembling
endothelial progenitor cells than the well-differentiated,
mature human endothelial cells often used for antian-
giogenic drug discovery (Bagley et al., 2003), including
penicillamine (Matsubara et al., 1989). Third, higher
doses of penicillamine with severe hypocupremia were
used in the animal models (Brem et al., 1990a, b). Pre-
clinical toxicities of anemia and increased vascular per-
meability were not observed in the clinical trial. Fourth,
angiogenic responses to inhibitors, such as thalidomide,
are species-specific (Bauer et al., 1998). In summary,
the current study demonstrates the feasibility of copper
reduction in patients with newly diagnosed glioblas-
toma. Safety was consistent with the known, mainly
hematological, toxicity profile of penicillamine and cop-
per deficiency. Survival was not significantly improved.
More effective antiangiogenesis strategies could poten-
tially improve survival in patients with newly diagnosed
glioblastoma (Bello et al., 2001; Brem and Wotoczek-
Obadia., 2001; Fine et al., 2003; Hurwitz et al., 2004;
Jain, 2001; Kabbinavar et al., 2003; Kerbel, 2001; Red-
man et al., 2003).
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