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BACKGROUND. Temozolomide (TMZ) and 1, 3-bis (2-chloroethyl)-1-nitrosourea (BCNU)

are reported to be active agents in anaplastic glioma (AG). TMZ has also been shown to

deplete alkyltransferase, a DNA repair enzyme that contributes to nitrosourea resistance.

The objective of the current study was to determine the efficacy and toxicity profile of a

combination of these agents before radiotherapy in newly diagnosed AG.

METHODS. Eligibility criteria included histologically confirmed newly diagnosed

AG with measurable enhancing disease, a Karnofsky performance score (KPS) � 60,

normal pulmonary function, and normal laboratory parameters. In addition, in-

formed consent was obtained from all patients. BCNU given at a dose of 150

mg/m2 intravenously was followed after 2 hours by TMZ given at a dose of 550

mg/m2 orally on Day 1 of a 42-day cycle to a maximum of 4 cycles, unless there was

tumor progression or unacceptable toxicity.

RESULTS. Forty-one eligible patients were accrued. Their median age was 40 years.

Seventy-six percent of patients had a KPS of 90 –100. The histology was 81%

anaplastic astrocytoma, 12% anaplastic oligodendroglioma, and 7% mixed tumors.

Twenty-two percent of patients did not complete 4 cycles because of toxicity,

mainly hematologic. Forty-six percent of patients experienced Grade 3 or 4 (ac-

cording to National Cancer Institute Common Toxicity Criteria) thrombocytope-

nia. Twenty percent had Grade 4 granulocytopenia. Two patients died while

receiving therapy, 1 of progressive disease and the other of Pneumocystis carinii

pneumonia. The complete and partial response rates were 2% and 27% respec-

tively. An additional 54% of patients had stable disease. Seventeen percent devel-

oped progressive disease (10% after the first cycle and 7% after the second cycle).

CONCLUSIONS. This neoadjuvant strategy was associated with significant myelo-

suppression and a modest response rate in patients with newly diagnosed AG.
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In the current multimodality approach to the man-
agement of malignant gliomas, maximum, safe re-

section is the initial treatment goal and radiotherapy
remains the single most effective adjuvant treatment.1

The role of chemotherapy in the management of ma-
lignant astrocytomas remains controversial. To our
knowledge, no single agents or drug combinations
studied have been shown to be more effective than the
nitrosoureas. Single-agent 1, 3-bis (2-chloroethyl)-1-
nitrosourea (BCNU) has been reported to have a sim-
ilar efficacy compared with combination chemother-
apy.2 A recent metaanalysis by the Glioma Meta-
analysis Trialists Group demonstrated a survival
advantage to adjuvant chemotherapy (mainly nitro-
soureas) for patients with malignant glioma, with a
15% relative decrease in the risk of death.3

Temozolomide (TMZ), an imidazotetrazinone,
has shown antitumor activity in both glioma cell lines
and in vivo models.4 –7 A response rate of 35%, with
progression-free survival rates of 46% at 6 months and
24% at 12 months, were reported in clinical studies of
patients with anaplastic astrocytoma (AA) at first re-
currence.8 Nausea, emesis, and minimal significant
myelosuppression were some of the recorded toxici-
ties. Based on these results, there is interest in evalu-
ating the role of neoadjuvant TMZ in patients with
malignant glioma.

The rationale for the combination of these agents
is that they may have synergistic activity due to TMZ’s
depletion of O6 alkylguanine-DNA alkyltransferase
(AGT), the DNA repair enzyme that is believed to
contribute to BCNU resistance. This was demon-
strated in preclinical models in which schedule de-
pendency was observed not only for potential syner-
gism but also for toxicity.6 A Phase I study of the
combination of BCNU and TMZ was completed by the
North American Brain Tumor Consortium (NABTC).9

In that study, patients were assigned randomly to two
schedules of drug administration. In 1 arm, BCNU was
administered first followed by TMZ 2 hours later. In
the second arm, TMZ was given first and BCNU was
given 4 hours later. The combination of TMZ followed
by BCNU resulted in less hematologic toxicity than in
the TMZ-first arm. No other significant nonhemato-
logic toxicities were observed during the first cycle.
Pulmonary toxicity occurred in subsequent cycles.
The maximum tolerated doses (MTD) were 150 mg/m2

of BCNU given intravenously followed by 550 mg/m2

of TMZ given 2 hours later. This is the treatment plan
used for the current study.

The primary objective of the current study was to
assess the response rate of the combination of BCNU
and TMZ administered neoadjuvantly to patients with
anaplastic glioma (AG). Because the Phase I NABTC

study focused on the toxicity for the first cycle of the
combination of agents administered, another impor-
tant objective of our Phase II study was to evaluate the
potential cumulative toxicity of repeated cycles of the
combination of these agents further in a larger num-
ber of patients.

MATERIALS AND METHODS
Patient Eligibility
Patients were eligible if they were age � 18 years with
a newly diagnosed, previously untreated, histopatho-
logically confirmed, and centrally reviewed AG. Cen-
tral pathology review was performed by Dr. Richard
Davis at the University of California at San Francisco
(UCSF). Measurable disease defined as contrast-en-
hancing bidimensional disease was mandated. Other
eligibility criteria were a Karnofsky performance score
(KPS) � 60, as well as normal hematologic, renal, and
hepatic function. Pulmonary function as measured by
the carbon monoxide diffusing capacity (DLCO) was
required to be � 80%. Patients were not permitted to
be pregnant or nursing and all patients (both men and
women) agreed to practice birth control during the
study. All patients or their surrogates signed an insti-
tutional review board-approved consent form.

Treatment Plan
The dose schedule consisted of an intavenous dose of
BCNU of 150 mg/m2 followed 2 hours later by an oral
dose of TMZ of 550 mg/m2 on Day 1 every 42 days for
a maximum of 4 cycles. Radiotherapy was subse-
quently adminstered at the discretion of the treating
physician but was not mandated in the protocol. Dose
reductions were specified for toxicity. Weekly com-
plete blood counts and differentials were obtained
during therapy. A full chemistry panel evaluating he-
patic and renal function was obtained before every
course of chemotherapy. In addition, after every two
cycles, lung function was assessed by measuring the
DLCO. Clinical evaluations, including steroid require-
ments and neuroimaging, were obtained before each
course of chemotherapy. Evaluation criteria were
based on the standard criteria of Macdonald et al.10 A
complete response (CR) was defined as complete res-
olution of all enhancing disease and a partial response
(PR) was defined as a reduction of � 50% in lesion size
using bidimensional measurements. Disease progres-
sion (DP) indicated an increase in lesion size of � 25%.
A magnetic resonance imaging scan was the imaging
study of choice, but a computed tomography scan was
allowed. The protocol required that each patient be
followed with the same imaging modality throughout
the trial. Treatment was continued for a total of four
cycles unless there was evidence of tumor progres-
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sion, toxicity precluding continuation of therapy, or
patient refusal. Toxicities were graded using the Na-
tional Cancer Institute Common Toxicity Criteria.11

The primary end point was a CR or PR to the
chemotherapy regimen. Response was measured after
the maximum number of cycles was completed by the
patient. Central review of the responses was mandated
and was performed by the Department of Neuroradi-
ology at UCSF. A 1-stage design with estimation of a
response rate of 40% was the goal. With enrollment of
45 patients, the 95% confidence interval (95% CI) on
the true response would be 26 –56% or approximately
� 15%.

RESULTS
A total of 50 patients were enrolled in the study. After
central review of pathology, 7 patients were found to
have histology other than AG (6 patients had glioblas-
toma multiforme and 1 patient had Grade 2 oligoas-
trocytoma). Two other patients were not eligible, one
because the DLCO requirement was not met and one
because measurable disease was not documented.

The characteristics of the 41 eligible patients are
shown in Table 1. Their median age was 40 years and
the majority of patients had a KPS of � 70. AA was the
predominant histology. The extent of resection based
on histology is presented in Table 1.

A summary of the disposition of all the patients
treated is shown in Table 2. Twenty-four patients
(59%) completed 4 cycles of therapy as planned. Of
these 24 patients, 10 received full doses for all cycles,

4 required a dose reduction of 1 level, and 10 required
a dose reduction of 2 levels. Twenty-two percent of
patients did not complete 4 cycles because of toxicity,
mainly hematologic. Forty-six percent of patients ex-
perienced Grade 3 or 4 thrombocytopenia. Twenty
percent had Grade 4 granulocytopenia. Two patients
died while receiving therapy, one of DP and the other
of Pneumocystis carinii pneumonia. Seventeen per-
cent developed DP (10% after the first cycle and 7%
after the second). For patients who were not able to
complete therapy because of toxicity, 7% stopped after
the first cycle, 13% after the second, and 2% after the
third. One patient (2%) refused therapy after the sec-
ond cycle. Table 3 shows the toxicity profiles of the
patients (percentages represent toxicities observed
over all cycles received). Myelosuppression was the
most common and most severe toxicity observed.

Response data are shown in Table 4. Ten patients
were not evaluable for response because of toxicity,
DP, or patient withdrawal. Twelve of the 41 patients
(29%) achieved an objective response (a CR or PR)
with a 95% binomial CI of 16 – 46%. Of the PRs ob-
served, eight patients had AA histology, two had mixed
glioma histology, and one had anaplastic oligodendro-

TABLE 1
Patient Characteristics (n � 41)

Median age (range) 40 (18–71) yrs
Karnofsky performance score (%)

90–100 76
70–80 19
60 5

Male (%) 54
White (%) 98
Histology and extent of resection (%)

Anaplastic astrocytoma 81
Biopsy only 52
STR 36
GTR 12

Anaplastic oligodendroglioma 12
Biopsy only 0
STR 80
GTR 20

Anaplastic mixed 7
Biopsy only 0
STR 67
GTR 33

STR: Subtotal resection, GTR: macroscopic (gross) total resection.

TABLE 2
Disposition of Patients

Disposition of patients No. (%)

No. completed four cycles therapy 24 (59)
No. progressed/dead of PD before four cyclesa 7a (17)
No. off because of toxicity/death due to toxicity 9b (22)
No. refused therapy (after two cycles) 1 (2)

PD: progressive disease.
a Six patients progressed and one died.
b Eight patients experienced toxicity and discontinued therapy and one patient died. The death was

secondary to Pneumocystis carinii pneumonia.

TABLE 3
Toxicity Profiles

Toxicity Grade (%)a,b

1 2 3 4 5

Anemia 44 12 7 0 0
Granulocytopenia 12 15 1 20 0
Infection 0 0 0 2 2
Thrombocytopenia 34 2 24 22 0
Pulmonary function 2 2 0 0 0
Nausea 20 20 5 0 0
Emesis 5 2 7 0 0
Fatigue 34 15 2 0 0

a Toxicity was graded according to the National Cancer Institute Common Toxicity Criteria.
b Percentages represent toxicities observed over all cycles received.
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glioma histology. For the fully evaluable patients (n
� 31), 3% achieved a CR (AA histology) and 26%
achieved a PR. Another 48% had stable disease and
23% had DP.

DISCUSSION
To our knowledge, effective chemotherapeutic op-
tions for patients with malignant glioma are limited.
The most commonly used agents are the nitrosoureas
and TMZ. For patients with recurrent AA, objective
response rates of 14% and 35% have been reported for
the nitrosoureas and TMZ, respectively.8,9,12 Preclini-
cal data have demonstrated a synergistic effect for the
combination of BCNU and TMZ6 and Phase I trials
have defined the MTD for the combination. In the
NABTC Phase I trial,9 the sequence of BCNU followed
by TMZ was selected based on higher doses of the
agents administered with this regimen, compared
with TMZ administered before BCNU. These agents
have overlapping toxicities and the dose-limiting tox-
icities encountered for the first cycle of the combina-
tion were hematologic. Pulmonary toxicity also oc-
curred after subsequent cycles.9 We chose a single-
dose schedule of TMZ based on the NABTC Phase I
trial. Although multiday dosing schedules for this drug
combination were being evaluated, cumulative toxic-
ity was our primary concern. Other clinical trials have
since reported other dose schedules for the combina-
tion of BCNU/TMZ.

The primary objective of the current study was to
evaluate the role of this combination of agents in the
neoadjuvant setting in patients with newly diagnosed
AG. The advantages of selecting this patient popula-
tion are the lack of confounding effects secondary to
radiotherapy and the ability to determine whether
there is a synergistic effect between BCNU and TMZ. A
secondary objective was to further characterize the
toxicity profile of the combination.

Several studies published to date have addressed
the neoadjuvant use of chemotherapy for malignant
glioma.13–16 In these studies, the majority of patients
had glioblastoma multiforme histology, so it is difficult
to assess the response rates specifically for the smaller
samples of patients with AA. Delay or omission of

radiotherapy, especially in children, has been the ma-
jor goal of neoadjuvant chemotherapy. There is also a
theoretic rationale for administering chemotherapeu-
tic agents before radiotherapy to allow the maximum
distribution of the agents that may otherwise be com-
promised by the alteration of blood vessels by radio-
therapy. This strategy is safe once frequent assessment
of response is incorporated in the design of the study
and radiotherapy is used at the first indication of
clinical or radiographic DP. To our knowledge, no
comparative study has been performed to date evalu-
ating this strategy in newly diagnosed patients with
malignant glioma. Although there are some reports
regarding this strategy, many of them include patients
with Grade 4 tumors (glioblastoma multiforme).17–20

Therefore, it is difficult to compare our results with the
results of those studies.

The combination of BCNU and TMZ at this dose
schedule was found to have a modest effect with a CR
or PR rate of 29% for fully evaluable patients. Another
48% of patients acheived stable disease whereas 23%
progressed before completing the 4 cycles of therapy.
This was well below the a priori stated 40% response
rate that was the goal of the study. This relatively high
percentage was used as a measure of “success” be-
cause of the expectation that these agents would work
synergistically with a resulting high response rate. The
difficulty in determining the benefit of the combina-
tion of these agents in this patient population, how-
ever, lies in the lack of historical controls to establish
the response rate of the individual agents used neo-
adjuvantly in patients with AA. Compared with the
results reported by Gilbert at al.,21 this does not ap-
pear to be more advantageous than single-agent TMZ
given on a 5/28-day standard regimen, which had a
34% objective response rate in 21 patients with newly
diagnosed AA before radiotherapy. The combination
of BCNU/TMZ was certainly also more toxic, which
may have precluded the possibility of this combina-
tion having greater efficacy than TMZ alone in what
would be considered a fairly good prognostic group of
patients.

The toxicity profile for the current study was pre-
dominantly hematologic. As a result, 22% of patients
did not complete the 4 cycles of therapy. The dose
schedule for the current study was selected based on
the findings of the Phase I study. However, it is im-
portant to note that the determination of dose-limit-
ing toxicities and MTD in the Phase I study was based
on the tolerance of the first cycle only. This is an
inherent limitation in extrapolating how patients may
tolerate extended cycles and emphasizes the impor-
tance of continued toxicity assessment in Phase II
studies.22,23 Although some information regarding the

TABLE 4
Response Results

Characteristics CR (%) PR (%) SD (%) PD (%)

All patients (n � 41) 1 (2) 11 (27) 22 (54) 7 (17)
Patients evaluable for response (n � 31) 1 (3) 8 (26) 15 (48) 7 (23)

CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease.
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feasibility of administering multiple cycles of therapy
may be gained from Phase I studies, this is often
limited because of the refractory nature of the disease
and the likelihood of early progression.

There have been other studies of BCNU in com-
bination with an agent that may inhibit AGT, an en-
zyme shown to be important for nitrosourea drug
resistance.24,25 When BCNU is used in combination
with O6-benzylguanine, an inhibitor of AGT, the MTD
of BCNU was found to be only 40 mg/m2. This is in
contrast to a dose of 200 mg/m2 of BCNU when used
as a single agent. The toxicity precluding dose escala-
tion was myelosuppression, similar to the result in our
study of the combination of TMZ with BCNU. The
hypothesis is that AGT also is necessary in normal
dividing cells to allow repair of the alkylation of the
DNA by BCNU and that the inhibition of AGT by
O6-benzylguanine is nonspecific in its effects. A sim-
ilar mechanism may be present when TMZ and BCNU
are used in combination, thereby limiting the combi-
nation strategy.

The neoadjuvant strategy used in the current
study is associated with significant myelosuppression
and a modest response rate in patients with newly
diagnosed AG. The dose schedule used in the current
trial is not sufficiently efficacious or well tolerated to
merit further study. The use of alternative dosing
schedules of TMZ after a fixed dose of BNCU in pa-
tients with AG will be required if this neoadjuvant
strategy is to be evaluated further.
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