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In preclinical studies, BCNU, or 1,3-bis(2-chloroethyl)-
1-nitrosourea, plus CPT-11 (irinotecan) exhibits schedule-
dependent, synergistic activity against malignant glioma
(MG). We previously established the maximum tolerated
dose of CPT-11 when administered for 4 consecutive
weeks in combination with BCNU administered on the
first day of each 6-week cycle. We now report a phase 2
trial of BCNU plus CPT-11 for patients with MG. In the
current study, BCNU (100 mg/m?*) was administered on
day 1 of each 6-week cycle. CPT-11 was administered on
days 1, 8, 15, and 22 at 225 mg/m* for patients receiving
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CYP3A1- or CYP3A4-inducing anticonvulsants and at
125 mg/m? for those not on these medications. Newly
diagnosed patients received up to 3 cycles before radio-
therapy, while recurrent patients received up to 8 cycles.
The primary end point of this study was radiographic
response, while time to progression and overall survival
were also assessed. Seventy-six patients were treated,
including 37 with newly diagnosed tumors and 39 with
recurrent disease. Fifty-six had glioblastoma multiforme,
18 had anaplastic astrocytoma, and 2 had anaplastic
oligodendroglioma. Toxicities (grade =3) included infec-
tions (13%), thromboses (12%), diarrhea (10%), and
neutropenia (7%). Interstitial pneumonitis developed in
4 patients. Five newly diagnosed patients (14%; 95% CI,
5%-29%) achieved a radiographic response (1 complete
response and 4 partial responses). Five patients with recur-
rent MG also achieved a response (1 complete response and
4 partial responses; 13%; 95% CI, 4%—-27%). More than
40% of both newly diagnosed and recurrent patients
achieved stable disease. Median time to progression was
11.3 weeks for recurrent glioblastoma multiforme patients
and 16.9 weeks for recurrent anaplastic astrocytoma/
anaplastic oligodendroglioma patients. We conclude that
the activity of BCNU plus CPT-11 for patients with MG
appears comparable to that of CPT-11 alone and may be
more toxic. Neuro-Oncology 6, 134-144, 2004 (Posted
to Neuro-Oncology [serial online], Doc. 03-041, Febru-
ary 25, 2004. URL http://neuro-oncology.mc.duke.edu;
DOI: 10.1215/51152 8517 03 00041 3)
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he outcome associated with current therapy for
I patients with glioblastoma multiforme (GBM)?
remains inadequate. Recurrence is nearly universal
and is typically accompanied by progressive physical and
mental debilitation culminating in death 40 to 50 weeks
from diagnosis. Available salvage therapies following
progression are ineffective, with a median progression-
free survival of only 9 weeks for patients with WHO
grade IV GBM and 12 weeks for those with WHO grade
I tumors, including anaplastic astrocytoma (AA),
anaplastic oligodendroglioma (AQ), and anaplastic oligo-
astrocytoma (Wong et al., 1999). The role of chemother-
apy for patients with malignant glioma (MG) remains
controversial. Regimens such as PCV (procarbazine,
CCNU [lomustine], and vincristine) improve outcome for
some patients with WHO grade III tumors (Cairncross et
al., 1998; Ino et al., 2001; Kristof et al., 2002; Smith et
al., 2000) but fail to increase survival of patients with
GBM beyond that of radiation therapy alone (Medical
Research Council Brain Tumour Working Party, 2001).
Other studies ascribe a modest survival advantage to
chemotherapy (Fine et al., 1993; Stenning et al., 1987,
Stewart et al., 2002; Stupp et al., 2002). Our center and
others have attempted to improve outcome for patients
with MG by investigating rationally designed chemother-
apy regimens.

Nitrosoureas including CCNU (lomustine) and BCNU
(1,3-bis(2-chloroethyl)-1-nitrosourea; carmustine), ad-
ministered as either monotherapy or as the principal
component of the PCV regimen, are historically among
the most widely used chemotherapeutics for patients
with MG (Chang et al., 1983; Deutsch et al., 1989; Green
etal., 1983; Levin et al., 1990; Shapiro et al., 1989; Walker
et al., 1978). Irinotecan (CPT-11; Camptosar; Pharmacia
& Upjohn, Kalamazoo, Mich.), a water soluble deriva-
tive of camptothecin extracted from the Chinese tree
Camptotheca acuminata, inhibits topoisomerase I, an
essential enzyme for DNA transcription, replication, and
repair (Slichenmyer et al., 1994). CPT-11 has substan-
tial activity against a broad panel of CNS xenografts
(Hare et al., 1997; Houghton et al., 1995). In a phase 2
trial for patients with recurrent MG, 15% (95% CI,
6%—24%) of the patients achieved a partial response
(PR), while 55% achieved stable disease (SD) for more
than 12 weeks following administration of CPT-11 (Fried-
man et al., 1999). Additional preclinical studies demon-
strated that the efficacy of CPT-11 against CNS tumors
is enhanced when combined with alkylators such as
BCNU in a schedule-dependent manner (Coggins et al.,
1998). We therefore sought to determine whether the
antitumor activity of CPT-11 could be enhanced by BCNU
in patients with MG. We first determined that the maxi-
mum tolerated dose (MTD) of CPT-11 administered
weekly for 4 consecutive weeks of each 6-week cycle in
combination with a fixed dose of BCNU (100 mg/m*
administered on day 1 of each cycle) is 225 mg/m” for
patients on CYP3A1- or CYP3A4-enzyme-inducing anti-
convulsants (EIACs; phenytoin, phenobarbital, and car-
bamazepine) and 125 mg/m? for patients not on EIAC
(Quinn et al., 2004). We now report a phase 2 study de-
signed to determine the efficacy of BCNU plus CPT-11
for patients with MG.
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Patients and Methods

Protocol Objectives

The objectives of the study were to define the activity of
BCNU plus CPT-11 in the treatment of adults with newly
diagnosed or recurrent MG and to further define the tox-
icity of this regimen.

Patient Eligibility Criteria

Patients were required to have a histologically confirmed
diagnosis of MG (GBM, AA, AO, or anaplastic oligoas-
trocytoma) and were either (a) newly diagnosed and pre-
viously untreated or (b) had recurrent disease defined by
the presence of unequivocal progressive disease (PD) fol-
lowing prior radiation or chemotherapy. Eligible patients
were also required to be at least 18 years of age, have
measurable tumor on contrast-enhanced MRI obtained
within 2 weeks of study initiation, have a Karnofsky per-
formance status =60%, and be on a stable corticosteroid
dose for at least 1 week prior to therapy initiation. Addi-
tional enrollment criteria included hematocrit >29%,
absolute neutrophil count >1500 cells/pl, platelet count
>125,000 cells/pl, serum creatinine <1.5 mg/dl, blood
urea nitrogen <25 mg/dl, serum aspartate aminotrans-
ferase and bilirubin <1.5 times the institutional upper
limit of normal, and a diffusing capacity of the lung for
carbon monoxide (DLCO) >60% of the predicted value.
At least 3 weeks between prior surgical resection, or 6
weeks between prior radiotherapy or chemotherapy, and
enrollment were required unless there was unequivocal
progression of tumor. All patients were informed of the
investigational nature of the study and provided informed
consent as approved by the Duke University Medical
Center Institutional Review Board.

The following patients were excluded: pregnant or
nursing women; those with reproductive potential and
not using an effective contraceptive method; patients
with PD following prior treatment with either nitro-
soureas (CCNU or BCNU) or CPT-11; patients who under-
went prior stereotactic radiosurgery, radiation implants,
or radiolabeled monoclonal antibody therapy unless
there was unequivocal radiographic evidence of disease
progression (such as a new or distant lesion) or biopsy-
proven confirmation of recurrent tumor.

Treatment Design

Each 6-week treatment cycle began with BCNU (100
mg/m?) as a 1-h infusion approximately an hour before
the first CPT-11 dose of each cycle. CPT-11 was given
weekly for 4 weeks; this was followed by a 2-week rest
at 225 mg/m? for patients on EIAC and 125 mg/m? for
those not on EIAC. Newly diagnosed patients received
up to 3 cycles and proceeded to radiotherapy thereafter
or immediately upon either tumor progression or unac-
ceptable toxicity. Patients with recurrent tumors received
up to 8 cycles unless unacceptable toxicity or tumor pro-
gression occurred.
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Dose Modification and Retreatment Criteria

Toxicity was graded according to NCI CTC version 2
(NCI 2004). CPT-11 was reduced by 20 mg/m? for grade
3 or greater nonhematologic toxicity or grade 4 hema-
tologic toxicity. The criteria for retreatment consisted of
the following: absolute neutrophil count >1000 cells/pl;
platelets >100,000 cells/pl; serum aspartate amino-
transferase, total bilirubin, and creatinine <1.5 times
upper limit of normal. All other toxicities were required
to resolve to grade <1 for retreatment.

Patients were removed from study for evidence of PD
after completion of at least 1 cycle, grade 4 nonhema-
topoietic toxicity, DLCO <75% of baseline, more than
2 dose reductions due to toxicity, noncompliance, or vol-
untary withdrawal.

Supportive Care

Antiemetic therapy with ondansetron and dexamethasone
was given before each weekly dose of chemotherapy.
Atropine (1 mg i.v.) was administered for acute choliner-
gic symptoms, and loperamide was prescribed for late
diarrhea as previously described (Quinn et al., 2004).
Hematopoietic growth factors and blood products were
administered for grade 4 hematologic toxicity.

Evaluations Prior to and During Therapy

Patients underwent physical and neurologic examina-
tions and MRI scans within 3 weeks of enrollment and
before every 6-week cycle. A complete blood count with
differential was performed weekly, and a serum bio-
chemistry profile was assessed every 6 weeks. A urinal-
ysis and a pulmonary function test were performed prior
to the first cycle, along with a beta human chorionic
gonadotropin test in women with reproductive potential.
Pulmonary function tests were repeated before odd-
numbered cycles.

Response Evaluation

Response determination, performed by the study investi-
gators, was based on neurologic examination and com-
parison of the baseline contrast-enhanced MRI scan with
the scans performed before each cycle. A complete response
(CR) was defined as the disappearance of all enhancing
tumor from baseline on consecutive MRI at least 6 weeks
apart, combined with discontinuation of corticosteroids
and achievement of neurologic stability or improvement. A
PR was defined as =50% reduction from baseline in the
size (measured as the product of largest perpendicular
diameters) of enhancing tumor maintained for at least 6
weeks with a stable or improved neurologic exam and a
stable or reduced corticosteroid requirement. A minor
response (MR) was defined as more than 25% but less than
50% reduction from baseline in the size of enhancing
tumor on MRI scan, neurologic stability, and a stable or
reduced corticosteroid dose. Progressive disease was de-
fined as more than 25% increase in size of enhancing tumor
from baseline or any new tumor on MRI. Stable disease
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was defined as any clinical status not meeting the criteria
for CR, PR, or PD for more than 1 course of therapy. Pa-
tient response was defined on the basis of the best response
achieved at any point while enrolled on the clinical trial.

Statistical Considerations

The primary goal of this study was to evaluate the re-
sponse rate of BCNU plus CPT-11 in the treatment of 2
patient populations: those with newly diagnosed MG,
and those with recurrent or progressive MG. Each pa-
tient population was evaluated separately. Given a 15%
response rate for CPT-11 alone (Friedman et al., 1999),
we employed a 2-stage “minimax” phase 2 design to dif-
ferentiate between a 5% and 20% response rate in the
current study among both newly diagnosed and recurrent/
progressive MG patient populations.

Eighteen patients were treated in the first stage with
a plan to terminate the study if none of the patients
responded to treatment. If any of the 18 initial patients
responded to treatment, 14 patients would be added. The
treatment regimen would be considered worthy of fur-
ther evaluation if 4 or more of the total 32 patients
responded.

The following characteristics were true of this study
design: (1) the probability of erroneously concluding a
treatment was active (P = 0.2) when it was actually
ineffective (P < 0.05) was less than 0.1, that is, « = 0.1;
(2) the probability of erroneously concluding that the
treatment was ineffective (P < 0.05) when the treatment
was actually active (P = 0.2) was 0.1, that is, 8 = 0.1.
Under the null hypothesis, the probability of early ter-
mination was 0.40.

Time to progression (TTP) and overall survival (OS)
were measured from the date of enrollment and analyzed
by the Kaplan-Meier method including 95% Cls (Brook-
meyer and Crowley, 1982; Klein, 1991); the influence of
baseline patient characteristics on these end points was
explored by using multivariate Cox regression.

Results

Patient Characteristics

A total of 76 patients were enrolled onto this study
between December 2000 and June 2001. Patient char-
acteristics (Table 1) were comparable among newly diag-
nosed patients, recurrent patients, those receiving EIACs,
and those not receiving EIACs. The median age was 48
(range, 22-76), and 48 (63%) were male. All patients
had a Karnofsky performance status =60%. Thirty-seven
patients with newly diagnosed tumors were enrolled,
including 28 (76 %) with GBM and 9 (24%) with AA.
Thirty-nine patients had recurrent disease, including 28
(72%) with GBM, 9 with AA (24%), and 2 with AO
(3%). Nearly all patients had a substantial tumor bur-
den. Among newly diagnosed patients, 19 (51%) had a
biopsy and 18 (49%) had a subtotal resection prior to
chemotherapy. Among recurrent patients, 36 (92 %) had
either no surgery or a biopsy, while 3 (8%) underwent a

0T0Z ‘TZ Yyate\ uo Aq Bio'speuinolpiojxo ABojoouo-oinau//:dny woly papeojumoq


http://neuro-oncology.oxfordjournals.org

Table 1. Patient characteristics at study enrollment

Newly Diagnosed (n = 37)

Reardon et al., Phase 2 trial of BCNU and CPT-11 for malignant gliomas

Recurrent (n = 39)

+EIAC No EIAC +EIAC No EIAC Study Total

Characteristic (n=22) (n =15) (n =24) (n =15) (N =76)
Age, years

Median 51 48 46 44 48

Range 26-61 35-69 27-63 22-76 22-76
Sex

Male 14 (64 %) 11 (73%) 16 (67 %) 7 (47 %) 48 (63%)

Female 8 (36%) 4 (27 %) 8 (33%) 8 (53%) 28 (37%)
Histology

GBM 16 (73%) 12 (80%) 17 (71%) 11 (73%) 56 (74%)

AA 6 (27%) 3 (20%) 6 (25%) 3 (20%) 18 (24%)

AO 0 0 1(4%) 1(7%) 2 (3%)
KPS

100 5 (23%) 4(27%) 2 (8%) 2 (13%) 13 (17%)

90 9 (41%) 5 (33%) 15 (63%) 11 (73%) 40 (53%)

80 2(9%) 5 (33%) 2 (8%) 0 9 (12%)

70 5(23%) 1(7%) 3(13%) 2 (13%) 11 (14%)

60 1(5%) 0 2 (8%) 0 3 (4%)
Surgery

STR 12 (65%) 6 (40%) 2 (8%) 1(7%) 19 (25%)

Biopsy 10 (45%) 9 (60%) 3(13%) 3 (20%) 25 (33%)

None 0 0 19 (79%) 11 (73%) 30 (39%)
Prior XRT — — 24 (100%) 14 (93%) —
Prior chemo agents

Median No. — — 1.5 1

Range 0-5 0-3
No. of prior chemo
regimen failures

0 — — 521%) 2 (13%) —

1 — — 8 (33%) 12 (80%) —

2 — — 9 (38%) 1(7%) —

3 — — 2 (8%) 0 —

Median — — 1 1 —

Range 0-3 0-2

Abbreviations: AA, anaplastic astrocytoma; AO, anaplastic oligodendroglioma; chemo, chemotherapeutic; EIAC, enzyme-inducing anticonvulsants
(phenytoin, carbamazepine, and phenobarbital); GBM, glioblastoma multiforme; KPS, Karnofsky performance status; NTR, near total resection; STR,

subtotal resection; XRT, external beam radiotherapy.

subtotal resection prior to treatment. Recurrent patients
were also heavily pretreated. Thirty-two (85%) failed 1
or more prior chemotherapy regimens. In addition, 20
patients (51%) had 2 or more recurrences before study
enrollment.

Toxicity

All patients were evaluable for toxicity. A total of 166
courses of chemotherapy were administered, with an
average of 2.2 courses per patient (range, 1-9 courses).
Of note, most toxicities occurred with comparable fre-
quency among patient subgroups, including those with
either newly diagnosed or recurrent tumors, as well as

those receiving or not receiving EIAC (Table 2). Grade
3 or greater thromboses and infections occurred in 9
(12%) and 10 (13%) patients, respectively. These rates
are typical for this clinical population receiving chemo-
therapy in our experience. Four infections were fatal,
including 2 episodes of sepsis, and single episodes of
Pneumocystis carinii pneumonia (PCP) and Clostridium
difficile enteritis. The latter 2 infections occurred during
the first 1 to 2 weeks of treatment and were likely not
related to the study regimen. Also of note, all fatal infec-
tions occurred in recurrent patients who were heavily
pretreated and receiving prolonged corticosteroid ther-
apy. The only other study-related death occurred in a
patient with pneumonitis as described below.
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Table 2. Summary of grade 3 or greater toxicity

A. Newly diagnosed patients

No EIAC (25 courses) + EIAC (46 courses) Total
Toxicity Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5 (71 courses)
Thrombocytopenia — 0 0 — 0 0 0
Neutropenia — 5 (20%) 0 — 1 (2%) 0 6 (8%)
Fever/neutropenia 1 (4%) 0 0 0 0 0 1(1%)
Diarrhea/dehydration 2 (8%) 2 (8%) 0 4 (9%) 1 12%) 0 9 (13%)
Infection 3(12%) 0 0 1(2%) 0 0 4 (6%)
Pulmonary 0 2 (8%) 1 (4%) 0 0 0 3 (4%)
Thrombosis 0 1 (4%) 0 3 (7%) 2 (4%) 0 6 (8%)
Transaminase 0 0 0 1(2%) 0 0 1(1%)
lleus 1(4%) 0 0 0 0 0 1(1%)
B. Recurrent patients

No EIAC (35 courses) + EIAC (60 courses) Total
Toxicity Grade 3 Grade 4 Grade 5 Grade 3 Grade 4 Grade 5 (95 courses)
Thrombocytopenia — 1(3%) 0 0 0 0 1(1%)
Neutropenia — 4 (1%) 0 0 3(5%) 0 7 (7%)
Fever/neutropenia 0 0 0 0 1Q2%) 0 1(1%)
Diarrhea/dehydration 3(9%) 0 0 4 (7%) 0 0 7 (7%)
Infection 0 0 3 (9%) 2 (3%) 1Q2%) 6 (6%)
Pulmonary 0 0 0 0 12%) 0 1(1%)
Thrombosis 0 1 3B%) 0 12%) 1Q2%) 0 3 (3%)

Abbreviation: EIAC = enzyme-inducing anticonvulsants (phenytoin, carbamazepine, phenobarbital).

Hematologic Toxicity. Grade 4 neutropenia occurred in
7% of administered courses. Two episodes had accom-
panying fever; 1 of these patients had pneumonia, while
no documented infection was identified in the other.
Both episodes resolved with broad-spectrum antibiotics.
Of note, only 1 patient developed grade 4 thrombocy-
topenia.

Gastrointestinal Toxicity. As expected, diarrhea was the
most common grade 3 or greater nonhematologic toxi-
city and occurred with 10% of courses (16 of 166 total
courses). Thirteen of the 16 episodes (81%) were grade 3
and responded to aggressive loperamide therapy or
CPT-11 dose modification in most cases. However, 3
patients developed grade 4 diarrhea and were taken off
study according to protocol guidelines.

Pulmonary Toxicity. Three patients developed grade 4
interstitial pneumonitis characterized by a significant
decline in baseline DLCO and negative workup for
thrombotic or infectious etiologies. In each case, pneu-
monitis developed after only 2 cycles of chemotherapy
and prompted study discontinuation. Two patients were
nonsmokers, while the third had a 15 pack-year cigarette
history and borderline DLCO at study entry. One patient
recovered spontaneously, and the other 2 responded to
corticosteroids. A fourth patient, however, developed
fever, shortness of breath, and hypoxia after the second
cycle of chemotherapy, requiring intubation and mechan-
ical ventilation. No pulmonary arterial emboli were
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detected, and a bronchioalveolar lavage, performed after
initiating empiric, broad-spectrum antibiotics with PCP
coverage, was negative for viral, fungal, bacterial, or
acid-fast organisms and PCP. Although the patient ini-
tially improved, subsequent pulmonary failure devel-
oped, and findings were consistent with adult respira-
tory distress syndrome, leading to death approximately
2.5 weeks from symptom onset. All patients with grade
=4 pulmonary toxicity on this study had received no
prior chemotherapy.

Efficacy

Newly Diagnosed Patients. Radiographic response while
on study was used to assess efficacy in newly diagnosed
patients since the study design mandated that these
patients come off study to initiate external beam radio-
therapy after no more than 3 cycles of therapy. A con-
firmed objective response (CR or PR) was observed in 5
patients with newly diagnosed tumors (Table 3A), result-
ing in an intent-to-treat (ITT) response rate of 14% (95%
CI, 5%-29%), including 1 patient with a CR and 4 who
achieved a PR (Fig. 1). Sixteen (43%) patients achieved
SD, including 2 with MR. Sixteen (43%) had PD, includ-
ing 1 patient who came off study prior to completion of
cycle 1 because of toxicity. Table 4 lists response rate by
histology. With a median follow-up of 68.3 weeks, the
median OS was 51.3 weeks (95% CI, 32.1-62.6 weeks)
for all newly diagnosed patients, including a median 39.8
weeks (95% CI, 29.6-58.6 weeks) for those with GBM.
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