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Background: Malignant cell clones resistant to chemotherapy and
radiotherapy frequently lead to treatment failure in patients with
glioblastoma multiforme. Preliminary studies suggest that adding
chloroquine to conventional therapy may improve treatment out-
comes.

Objective: To examine the effect of adding chloroquine to con-
ventional therapy for glioblastoma multiforme.

Design: Randomized, double-blind, placebo-controlled trial.

Setting: National Institute of Neurology and Neurosurgery of Mex-
ico.

Patients: 30 patients with surgically confirmed glioblastoma con-
fined to 1 cerebral hemisphere, with a Karnofsky performance score
greater than 70, no comorbid disease, and age younger than 60
years.

Interventions: Oral chloroquine at 150 mg/d for 12 months be-
ginning on postoperative day 5 or placebo. All patients received
conventional chemotherapy and radiotherapy.

Measurements: Primary outcome was survival after surgery; sur-
viving patients were followed up to October 2005. Periodic evalu-
ation using the Karnofsky scale and imaging studies, as well as

hematologic tests and ophthalmologic examinations, was done in
all patients.

Results: Median survival after surgery was 24 months for chloro-
quine-treated patients and 11 months for controls. At the end of
the observation period, 6 patients treated with chloroquine had
survived 59, 45, 30, 27, 27, and 20 months, respectively; 3 patients
from the control group had survived 32, 25, and 22 months,
respectively. Although not statistically significantly different, the rate
of death with time was approximately half as large in patients
receiving chloroquine as in patients receiving placebo (hazard ratio,
0.52 [95% CI, 0.21 to 1.26]; P � 0.139).

Limitations: The observed advantage of chloroquine may be due
to chance; differences in pretreatment characteristics and conven-
tional treatment regimens could not be adjusted for because of the
small sample size.

Conclusions: Chloroquine may improve mid-term survival when
given in addition to conventional therapy for glioblastoma multi-
forme. These results suggest that larger, more definitive studies of
chloroquine as adjuvant therapy for glioblastoma are warranted.
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Despite numerous advances in the diagnosis of glioblas-
toma multiforme, there have been relatively few ad-

vances in therapy, and the prognosis of patients with this
disorder has not changed considerably during the past dec-
ades. Recent studies have shown that median survival after
aggressive treatment combining surgery, radiotherapy, and
chemotherapy is approximately 1 year (1–4). Even the
most sophisticated approaches, such as stereotactic radio-
surgery, have failed to improve survival or quality of life
(5). There are 2 main reasons that explain the high rate of
therapeutic failure: the infiltrative nature of glioblastoma
multiforme and the presence of cancer cells resistant to
radiotherapy and chemotherapy. The latter might be due
to the unrestricted growth of resistant cell clones within
the original tumor, which replace those cells initially sus-
ceptible, or to the emergence of new mutant cell clones
resistant to the treatment. This phenomenon could be
prompted by the high rate of mutagenesis of malignant
glial cells, which is increased by both ionizing radiation
and antineoplastic drugs (1, 2, 4, 6).

Antimalarial drugs, particularly chloroquine and quin-
acrine, are strong DNA-intercalating agents and are lyso-
somotropic; both actions in eukaryotic cells modify several
cell functions. In cells with a high mitotic rate, such as
cancer cells, chloroquine and quinacrine are antimutagenic

(7, 8); however, they are not cytotoxic or antimitotic and
do not exhibit a substantial antineoplastic effect (9). In
cultured glioma cells and in malignant glioma in rats, we
have shown that these substances have a strong potentiat-
ing effect on the antineoplastic action of carmustine and
maintain the long-term susceptibility of malignant glioma
cells to chemotherapy (10). On the basis of these experi-
mental findings, we conducted a preliminary, open-label
trial on patients with glioblastoma multiforme by admin-
istering chloroquine in addition to surgery and to the stan-
dard courses of radiotherapy and chemotherapy; when
compared with concurrent controls, survival was statisti-
cally significantly longer in chloroquine-treated patients
(6). After that initial experience, we conducted the present
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double-blind, placebo-controlled study of chloroquine as
adjuvant therapy for patients with glioblastoma multi-
forme.

METHODS

Patient Recruitment, Enrollment, and Follow-up
During a 40-month period (October 2000 to January

2004), 120 patients with clinical suspicion of a malignant
brain tumor were screened at the National Institute of
Neurology and Neurosurgery of Mexico. Of these patients,
30 participated in the present study. All patients fulfilled
the following inclusion criteria: glioblastoma multiforme,
which was confirmed by 2 independent pathologists on the
histologic specimen obtained at surgery; fair clinical neu-
rologic status with a Karnofsky performance score of 70 or
higher at the time of diagnosis; absence of associated severe
disorders, such as diabetes and hypertension; evidence on
magnetic resonance imaging (MRI) scans that the tumor
was restricted to 1 hemisphere of the brain; and age
younger than 60 years.

Intervention
All patients participating in the study received the

same conventional scheme of chemotherapy and radiother-
apy: extensive tumor ablation by surgery; 4 courses of car-
mustine at 200 mg/m2, one given every 5 weeks and the
first given 8 weeks after surgery; and radiotherapy that
began 3 weeks after surgery, for a total radiation dose of 60
Gy (6000 rads) separated in 30 to 32 courses with daily

fractionated doses. All patients and their legal guardians
signed the informed consent document, clearly stating
their willingness to participate in a randomized, double-
blind, placebo-controlled trial. Chloroquine tablets
(Aralen, Sanofi-Synthelabo, Mexico City, Mexico), 150
mg, were commercially purchased, and identical placebo
tablets were formulated; treatments were randomly distrib-
uted into 15 chloroquine and 15 placebo sets (each set was
designed for 1-year treatment) and were coded at the lab-
oratory of an independent investigator at another institu-
tion. We received the 30 sets coded and numbered, and
they were administered in sequential order as the patients
entered the trial. The study monitor sealed and kept the
code until the end of the study. Therefore, the participants,
those administering the treatment, and those assessing the
outcomes were blinded to group assignment.

Chloroquine was administered at 150 mg/d, starting
on day 5 after surgery, and was continued for 12 months;
in a nontrial setting, chemotherapy and radiotherapy
would have been completed before 12 months had passed.
The dose of chloroquine used in this study was selected on
the basis of several pharmacologic studies on toxicity, long-
term administration, and antimalarial effectiveness (6, 7);
it is also identical to the dose used in our preliminary study
(6). The assignment of treatments was decodified in Janu-
ary 2005, when all patients had had surgery at least 1 year
previously, and the follow-up continued until October
2005. Our institutional review board of research and the
institutional board of ethics both approved the study. This
study complied with the Consolidated Standards for Re-
porting Trials (CONSORT) items for a randomized trial
(11).

Primary and Secondary Outcomes
Clinical evaluation after hospital discharge was done

every 2 weeks, and MRI studies were done every 2 months.
Tumor size was measured on the MRI scan taken before
surgery; the largest diameter of the tumor on the axial
planes was considered as a single value. Primary outcome
was survival after surgery. Karnofsky score was determined
at the time of diagnosis, 1 month after surgery, and 5
months after surgery. Signs of systemic toxicity induced by
the therapy were studied monthly by routine analysis of
peripheral blood, which included hematic biometry, blood
chemistry, and hepatic tests. In addition, potential signs of
drug toxicity in the retina as a result of chloroquine treat-
ment were monitored monthly by ophthalmoscopic evalu-
ation in all patients.

Statistical Analysis
Kaplan–Meier survival curves were plotted. Survival

times in the 2 groups were compared by using the hazard
ratio and 95% CI from a bivariate Cox regression. Statis-
tical significance was assessed with the log-rank test. Other
statistical comparisons were made by using the unpaired
t-test and the Fisher exact test (SPSS, version 10.0, SPSS
Inc., Chicago, Illinois).

Context

The median survival for patients with glioblastoma multi-
forme is 1 year despite aggressive treatment. Chloroquine
interferes with cellular mechanisms that might cause treat-
ment resistance.

Content

In this single-center, randomized, double-blind, placebo-
controlled trial, 30 patients receiving surgery, chemother-
apy, and radiotherapy for glioblastoma multiforme were
randomly assigned to receive chloroquine or placebo for
12 months. Median survival was 24 months for patients
who received chloroquine and 11 months for patients who
received placebo. No patient stopped therapy because of
toxicity.

Limitations

The number of patients was small, and the difference in
survival was not statistically significant (P � 0.139).

Implications

Chloroquine, in conjunction with other treatments, may
prolong survival in patients with glioblastoma multiforme.
Larger clinical trials are needed.

—The Editors
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Role of the Funding Source
This work was conducted at the National Institute of

Neurology and Neurosurgery of Mexico, which is a public
institution without any commercial interests. Partial sup-
port was obtained by a grant from Consejo Nacional de
Ciencia y Tecnologı́a (CONACyT), which is the federal
agency for support of scientific research in Mexico. The
agency did not participate in the design, conduct, analysis,
or reporting of this study. No pharmaceutical companies
participated in any part of the study.

RESULTS

Patient Characteristics and Follow-up
In the chloroquine group, the duration of symptoms

and the diameter of the tumor were greater but the average
age of the patients was slightly lower than in the placebo
group; otherwise, the characteristics of patients were simi-
lar in the 2 groups (Table). Maximum, minimum, and
median follow-ups were 59, 5, and 15 months, respec-
tively. Radiotherapy or chemotherapy was not stopped in
any surviving patient during the study period.

Survival
Median survival over the entire study period was 24

months for the patients in the chloroquine-treated group
and 11 months for controls. At the end of the observation
period, 6 patients (40%) from the chloroquine-treated
group and 3 patients from the control group (20%) were
still alive (Figure 1).

Secondary Outcomes
In October 2005, 6 patients from the chloroquine-

treated group were alive. Of these, 1 had survived 59
months after surgery (Figure 2); 1 patient each had sur-
vived 45, 30, and 20 months, respectively, and 2 additional
patients had survived 27 months. The patients from the

control group had survived 32, 25, and 22 months, respec-
tively. Although not statistically significantly different, the
rate of death over time was approximately half as large in
patients receiving chloroquine as in patients receiving pla-
cebo (hazard ratio, 0.52 [95% CI, 0.21 to 1.26]; P �
0.139). The observed data are consistent with proportional
hazards assumption (P � 0.92).

Adverse Events
During the trial, no signs of retinopathy related to

chloroquine toxicity were found in any patient. Follow-up
hematologic results were similar between chloroquine-
treated patients and control patients (results not shown);
however, at the analysis done 8 months after the beginning
of treatment, mean values of leukocytes and platelets were
lower in patients from the chloroquine-treated group
(7.5 � 109 cells/L vs. 9.9 � 109 cells/L [P � 0.072] and
170 � 109 cells/L vs. 219 � 109 cells/L [P � 0.055], re-
spectively). These variables were again similar 1 month
later. No other secondary reactions attributable to the
treatment were detected during the trial. Nonetheless, no
patients stopped receiving chemotherapy or radiotherapy
or were excluded from the experimental blinded therapy
because of treatment-related adverse reactions. No patient
from either group discontinued treatment or was lost to
follow-up. According to the common toxicity criteria from
the National Cancer Institute (12), toxicity by chloroquine
in this trial was graded 0 to 1 (absent or minimal) in bone
marrow cellularity. During follow-up, 2 patients from the
chloroquine-treated group (13%) and 4 patients from the
control group (27%) had seizures that were adequately
controlled with antiepileptic drugs; these events were con-
sidered secondary to the neoplasm rather than a complica-
tion of therapy in all patients.

Table. Characteristics of Patients with Glioblastoma Multiforme

Variable Chloroquine Group (n � 15) Placebo Group (n � 15)

Mean age (SD), y 40.8 (11.8) 46.1 (12.7)
Men/women, n/n 9/6 8/7
Mean tumor diameter before surgery (SD), mm 49.1 (13.8) 44.5 (9.0)
Mean duration of symptoms before surgery (SD), mo 5.5 (6.6) 3.7 (4.4)
Mean preoperative Karnofsky score (SD) 81.3 (9.9) 82.7 (11.6)
Mean 1-month postoperative Karnofsky score (SD) 81.3 (12.8) 82.7 (11.6)
Mean 5-month postoperative Karnofsky score (SD) 84.2 (10.7) 83.3 (13.1)
Conventional radiotherapy, n (%) 15 (100) 15 (100)
Conventional chemotherapy, n (%) 15 (100) 15 (100)
Clinical signs before surgery, n (%)

Headache 12 (80) 10 (67)
Seizures 8 (53) 7 (47)
Nausea 7 (47) 7 (47)
Vomiting 6 (40) 5 (33)
Mental disturbances 4 (27) 3 (20)
Papilledema 5 (33) 3 (20)
Paresis 2 (13) 7 (47)
Diplopia 0 2 (13)
Hypoesthesia 1 (7) 0
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DISCUSSION

The addition of chloroquine to the conventional ther-
apeutic approach for glioblastoma multiforme may increase
mid-term survival; however, this figure is higher in our
study than that obtained recently with novel chemothera-
peutic agents (13). The inclusion criteria and treatment of
patients who participated in the current study were identi-
cal to those of the 18 patients in our preliminary open-
label study of glioblastoma multiforme (6). The results of
both studies were similar and support a mid-term benefi-
cial effect of chloroquine in the treatment of this disorder.
Chloroquine is not a cytotoxic substance, and a well-de-
scribed, relevant antineoplastic effect does not exist. There-
fore, we speculate that the mechanisms for this effect on
therapy could involve either the enhancement of cytotox-
icity induced by conventional treatments or the prevention
of mutagenicity in neoplastic cells, which maintain their
susceptibility to radiotherapy and chemotherapy by allow-
ing them to elude the appearance of resistant cell clones.

Few other substances besides chloroquine have shown
substantial effects on intracellular signaling events and cel-
lular functions while lacking cytotoxicity; several studies of
chloroquine have failed to show an effect on cell growth or
clonogenic survival (14–16). Besides its well-known anti-
parasitic effects, chloroquine has incisive intracellular ac-
tions that have been widely used in experimental biology
for the study of cellular functions (7, 17). In clinical med-
icine, the inhibition of tumor necrosis factor-� produced
by chloroquine (which is highly dependent on phospho-

lipase A2), together with other immunomodulating effects,
has been used for many years to treat patients with chronic
autoimmune disorders, such as systemic lupus erythemato-
sus (18, 19).

Chloroquine exhibits an intense affinity for lysosomes
(“lysosomotropism”) within the cell metabolism that in-
hibit the enzymes phospholipase A2, lysophospholipid
acylhydrolase, and monoacylglycerol lipase; these enzymes
release arachidonic acid from phospholipids (20–22). The
consequence is inhibition of proteolytic processes in lyso-
somes and blockage of the metabolism of neoglycolipids
(14, 23). Through these actions, several molecular signals
at the interior of the cell are altered (21, 24–29). Chloro-
quine also has a strong DNA-intercalating activity (30,
31), which is independent of its lysosomotropism (32–34).
Interaction of chloroquine with nucleic acids is incisive and
initiates by a fast electrostatic attraction followed by a slow
intercalation process (27); this intense binding produces
structural perturbations in DNA that render it a poor sub-
strate for endonucleolytic cleavage (8, 27). Chloroquine
produces unwinding and relaxation of DNA supercoiling.
In this process, 2 different events occur: direct DNA inter-
calation and inhibition of topoisomerase II, avoiding DNA
fragmentation (32, 35, 36). In addition, DNA intercalators
bind quadruplex DNA structures at the end of chromo-
somes inhibiting telomerase, an essential enzyme for the
unlimited replicative potential of tumor cells (37). Of in-
terest, despite its intense molecular activity on DNA, geno-
toxicity of chloroquine is minimal (16).

Figure 1. Kaplan–Meier estimates of survival in 30 patients with glioblastoma multiforme who received chloroquine (n � 15) or
placebo (n � 15) in addition to conventional therapy.

At the end of the observation period, 6 patients from the chloroquine-treated group and 3 patients from the control group survived.

Article Chloroquine for Glioblastoma Multiforme

340 7 March 2006 Annals of Internal Medicine Volume 144 • Number 5 www.annals.org



In vitro, chloroquine enters malignant glial cells,
blocking the expression of antigenic proteins on their sur-
face. Because of its curtailing action on DNA synthesis and
DNA repair processes, chloroquine strongly potentiates the
inhibitory effect of radiation on cell multiplication (38,
39). Although chloroquine alone is not cytotoxic, when

associated with ionizing radiation, it produces severe ultra-
structural lesions characterized by vacuolization of the en-
doplasmic reticulum, damage of mitochondria, and an in-
crease of microtubules and microfilaments with subsequent
alterations of the cytoskeleton in cultures of carcinoma and
melanoma cells (38, 40).

It is also possible that additional intracellular actions
of chloroquine may increase the susceptibility of malignant
glioma cells to standard therapy. For example, some neo-
plastic drugs have extended permanence inside cancer cells
because of elevation of endosomal and lysosomal pH that
increases and maintains the concentration of lipophilic an-
tineoplastic drugs, such as carmustine (21, 36, 41). A con-
spicuous effect of chloroquine, which has effectively re-
versed multidrug resistance of cancer cells, is preventing
and delaying the outward cell transport of antineoplastic
drugs, such as vincristine (36, 42). Finally, the addition of
chloroquine to the culture medium of leukemic multidrug-
resistant cells decreases resistance to vinblastine by 10- to
15-fold (15, 36, 43–47).

The addition of chloroquine to therapy for glioblas-
toma multiforme may increase survival at mid-term; how-
ever, the long-term prognosis continues to be poor. On the
basis of these results, we suggest a large-scale, properly
powered, randomized trial to clearly define a potential role
for chloroquine in treatment of glioblastoma. Additional
modifications to the regimen used in this study could im-
prove our results. The daily dose of chloroquine was mild
(150 mg). However, because the intracellular effects of
chloroquine are dose-dependent (48), the dose could be
selectively increased (for example, to 300 mg/d, which is
still fairly well tolerated by humans) in subsequent trials
during chemotherapy and radiotherapy; mutagenesis in-
creases and therapy-induced damage of neoplastic cells is
maximal at that time (38). Alternatively, chloroquine could
be replaced with its analogue, quinacrine, which is more
active than chloroquine in some of the cellular functions
described previously (8, 10, 18, 42, 49).
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Figure 2. Magnetic resonance imaging scan of a patient with
glioblastoma multiforme treated with chloroquine in
addition to surgery, chemotherapy, and radiotherapy.

Top. A large mass is shown on the left hemisphere before treatment.
Bottom. Forty-four months after the beginning of treatment, no evi-
dence of tumor regrowth is seen. At this time, the patient’s Karnofsky
performance score was 100 (asymptomatic).
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