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Abstract Purpose: To further evaluate the activity of
irinotecan (CPT-11) plus 1,3-bis-(chloroethyl)-1-nitro-
sourea (BCNU) in the treatment of central nervous
system tumor-derived xenografts in athymic nude mice.
Methods: We report studies evaluating the schedule-
dependence of this regimen in the treatment of the
malignant glioma xenograft D-54 MG. Results:
The combination of BCNU and CPT-11 showed the
highest enhancement index (2.0-3.3) when BCNU was
given on day 1 and CPT-11 was given on days 1-5 and
8—12. Delay of CPT-11 administration to day 3 or day 5
substantially decreased activity with enhancement indi-
ces of 1.6-1.8 and 0.6-1.0, respectively. Delay of BCNU
administration to day 8 also reduced the CPT-11 activ-
ity with enhancement indices of 1.2-1.4. Conclusions:
These results suggest that the presence of a BCNU-
induced adduct or possibly crosslink prior to
administration of CPT-11 is critical for enhanced
activity. Although the mechanism of this enhancement is
not currently known, a phase I trial of CPT-11 plus
BCNU for adults with recurrent malignant glioma based
on these results is in progress.
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Introduction

Malignant neoplasms of the central nervous system
(CNS) are a major cause of death in children and adults
[1, 3, 19]. Current treatment options of these malignan-
cies include surgery, radiotherapy, and/or chemotherapy.
Chemotherapy has garnered increasing attention with
the realization that, at the time of initial diagnosis, most
malignant CNS tumors have already metastasized
beyond the primary site. The goal of combination che-
motherapy is selective destruction of rapidly proliferat-
ing tumor cells without damage to normal organs and
prevention of emergence of drug-resistant tumor cells.

Irinotecan (CPT-11) is a potent topoisomerase I in-
hibitor, which stabilizes the covalent bond formed be-
tween topoisomerase I and DNA during DNA
synthesis, preventing relegation of the DNA and ulti-
mately leading to cell death [8, 13, 18]. CPT-11 has been
shown to be active against CNS tumor xenografts in
athymic nude mice [12] and recurrent malignant glioma
in adults [7]. Alkylating agents such as 1,3-bis-(chloro-
ethyl)-1-nitrosourea (BCNU) produce their antineo-
plastic effect by first covalently binding one alkyl group
to a strand of DNA, with subsequent formation of a
DNA interstrand crosslink, which is the lethal lesion
[14, 20, 22].

Recent studies with human glioma xenograft D-54
MG have shown that when CPT-11 is given in com-
bination with BCNU, antitumor activity is striking
with a greater than additive effect at all doses tested [4].
The mechanism that accounts for this increased activ-
ity, however, remains unclear. We now report studies
that indicate the importance of schedule to the inter-
action between CPT-11 and BCNU and suggest
mechanism(s) for the observed increase in antineo-
plastic activity.
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Materials and methods

Animals/subcutaneous xenograft transplantation

Male and female athymic BALB/c mice (nu/nu genotype, 6 weeks
or older) were used in studies and were maintained as described
previously [2]. D-54 MG, an xenograft derived from a human
malignant glioma, was used for all studies as previously described
[10]. Xenografts were transplanted subcutaneously into the right
flanks of animals as described previously [6].

Drugs/tumor measurements

CPT-11 was provided by Pharmacia & Upjohn (Global Distribu-
tion Center, Kalamazoo, Mich., USA). BCNU was provided by the
Pharmaceutical Research Division of the NCI (Bethesda, Md.,
USA). Tumors were measured twice a week with a hand-held
vernier caliper (Scientific Products, McGraw, Ill., USA). Tumor
volume was calculated according to the formula: [(width)? x
(length)]/2.

Xenograft therapy

In the first set of studies, CPT-11 was given to mice on days 1-5
and 8-12 via intraperitoneal (i.p.) injection at 30 mg/m? per dose
(10 mg/kg per dose) in 10% dimethylsulfoxide (DMSO) in 0.9%
saline, which represents 25% of the dose lethal to 10% of treated
animals (LDjg). BCNU was given to mice either on day 1 or on
day 8 via i.p. injection at 50 mg/m? (16.67 mg/kg) in 10% ethanol
in 0.9% saline, which represents 50% of the LDjy. On day 1 of the
study, CPT-11 was administered 5 h after BCNU administration.
Groups of ten randomly selected mice began drug treatment when
the median tumor volume exceeded 200 mm® and were compared
with control animals receiving the drug vehicle.

In the second set of studies, BCNU was given to mice on day 1
via i.p. injection at 50 mg/m?. CPT-11 was given to mice using one
of three schedules: (1) days 1-5 and 8-12, (2) days 3-7 and 10-14,
or (3) days 5-9 and 12-16 via i.p. injection at 10 mg/kg per dose.
CPT-11 was administered 5 h after BCNU administration. Groups
of ten randomly selected mice began drug treatment when median
tumor volume exceeded 200 mm? and were compared with control
animals receiving the drug vehicle.

Assessment of response

Response of subcutaneous xenografts was assessed by delay in
tumor growth and by tumor regressions. Growth delay (T-C) is the
difference in days between median time required for treated (T) and
control (C) animals to reach a volume five times greater than that
measured at the start of treatment. Tumor regression is defined as a
decrease in tumor volume over two successive measurements. Sta-
tistical analyses were performed using a Wilcoxon rank order test
for growth delay and the Fisher’s exact test for tumor regression as
described previously [6].

Results

The initial set of studies was conducted with CPT-11
administered on days 1-5 and 8-12 and BCNU admin-
istered on either day | or day 8. The combination of
CPT-11 and BCNU on these schedules produced a
substantial increase in antitumor activity when BCNU
was administered on day 1 but much less when BCNU
was administered on day 8 (Table 1). The second set of

studies was conducted with BCNU administration on
day 1 and CPT-11 administration starting on day 1, 3,
or 5. The activity of CPT-11 plus BCNU in combination
was dramatically decreased as the CPT-11 was delayed,
with only additive values or less when CPT-11 was
administered on day 5 (Table 1).

The enhancement index, defined as the growth delay
produced by combination therapy of BCNU plus CPT-
11 divided by the sum of the growth delays of BCNU plus
CPT-11, was highest for BCNU administered on day 1
and CPT-11 administered on days 1-5 and 8-12, with
values of 2.0-3.3. Delay of the start of CPT-11 to day 3 or
day 5 decreased the enhancement index to 1.6-1.8 and
0.6-1.0, respectively. Delay of BCNU administration to
day 8 also reduced the enhancement index to 1.2-1.4.

Discussion

The role of chemotherapy in the treatment of high-grade
glioma has remained controversial. Although several
small studies suggested a benefit from chemotherapy
[9, 21], Brain Tumor Study Group (BTSG) 7201 was the
first large study to demonstrate a possible additive effect
of BCNU with radiation [23]. The addition of post-ra-
diation BCNU (80 mg/m” x 3 days every 8 weeks) pro-
duced a median survival of 51 weeks compared with
36 weeks for radiotherapy alone. The difference in sur-
vival was not statistically significant, but provocative
enough to provide the foundation of BTSG 7501. This
study treated all patients with whole brain radiotherapy
and then randomized them to treatment on one of four
arms including high-dose methylprednisone with or
without BCNU or procarbazine [11]. Patients treated on
the BCNU arm had a statistically significant increase in
median survival over treatment on the high-dose met-
hylprednisone arm (50 vs 40 weeks). Although the
BTSG concluded that BCNU in the post-radiation set-
ting benefited patients with high-grade glioma, it is im-
portant to realize that it is possible that the patients on
no chemotherapy, high-dose methylprednisone ‘“‘con-
trol” suffered a high number of steroid-induced com-
plications, reducing median survival, compared with the
BCNU arm [5].

Recent data has been generated from Northern Cal-
ifornia Oncology Group (NCOG) trial 6G61, which
randomized patients with high-grade glioma to whole
brain radiotherapy with hydroxyurea plus either BCNU
or PCV (procarbazine, 1-(2-chloroethyl)-3-cyclohexyl-1-
nitrosourea (CCNU), vincristine) [15]. The analysis of
all patients revealed that there was a non-statistically
significant increase in survival favoring PCV [16].
However, a subgroup analysis by Levin et al. [17] re-
vealed that patients with anaplastic astrocytoma sur-
vived nearly twice as long when treated with PCV
compared with those treated with BCNU (151.1 vs
82.1 weeks, respectively). Based on this report, PCV has
become the standard post-radiation therapy for patients
with anaplastic astrocytoma.
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Table 1 Treatment of nude mice bearing D-54 MG xenografts growing subcutaneously with BCNU, CPT-11 or BCNU plus CPT-11.

BCNU 1,3-bis-(chloroethyl)-1-nitrosourea, CPT-11 irinotecan

Experiment Day of BCNU* Administration CPT-11° T-C¢ Enhancement index? Regressions® Toxic deaths
1 1 2.0 0 0
1-5, 8-12 4.5 1 4
1 1-5, 8-12 15.0* 2.0 5 1
2 1 0.9 0 0
1-5, 8-12 33 2 0
1 1-5, 8-1 14.0* 3.3 4 0
3 1 2.1 0 0
1-5, 8-12 5.6* 0 0
1 1-5, 8-1 16.6* 2.2 7 0
4 1 1.3 0 0
1-5, 8-12 9.6* 0 0
1 1-5, 8- 21.4% 2.0 8 0
5 8 2.1 0 0
1-5, 8-12 16.2* 7 0
8 1-5, 8-12 26.2%* 1.4 10 0
6 8 1.4 0 0
1-5, 8-12 9.6* 0 0
8 1-5, 8-12 13.1* 1.2 3 0
7 1 0.7 0 0
3-7, 10-14 6.6* 2 2
1 3-7, 10-14 12.7* 1.7 5 2
8 1 0.9 0 0
3-7, 10-14 4.4* 0 0
3-7, 10-14 9.6* 1.8 3 0
9 1 3-7, 10-14 2.1 0 0
2.7 0 0
1 3-7,10-14 7.7% 1.6 1 0
10 1 2.1 0 0
59, 12-16 2.6 0 0
1 5-9, 12-16 4.6* 1.0 0 0
11 1 1.3 0 0
5-9, 12-16 9.2% 1 0
1 5-9, 12-16 5.8% 0.6 0 0

#BCNU was administered intraperitoneally on the day indicated at
a dose of 50 mg/m? in 10% ethanol

®CPT-11 was administered i.p. on the days indicated at a dose of
30 mg/m? in 10% dimethylsulfoxide

¢ T-C, the difference in days between the median time for treated
(7T) and control (C) animals to reach a volume five times greater
than that measured at the start of treatment

The role of CPT-11 in the treatment of malignant
glioma is unclear. Initial laboratory studies using CPT-
11 against human CNS tumor-derived xenografts in
athymic nude mice demonstrated prodigious antitumor
activity [12] and led directly to a phase II trial of this
agent in adults with recurrent malignant glioma. The
drug was active, albeit with only eight partial responses
in 48 patients with glioblastoma multiforme [7]. How-
ever, these patients were obviously under-dosed, since
the concomitant use of the anticonvulsants Dilantin or
Tegretol dramatically enhanced clearance of the active
metabolite SN-38. These patients were treated with
CPT-11 at a dose of 125 mg/m?, whereas recent studies
indicate that for patients receiving these anticonvulsants,
the maximal tolerated dose is still undefined but higher
than 267 mg/m* (S. Grossman, personal communica-
tion).

The initial studies combining CPT-11 plus alkylating
agents revealed marked enhancement of antitumor

9 Enhancement index is defined as the growth delay (7-C) produced
by combination therapy with BCNU plus CPT-11 divided by the
sum of the growth delays of BCNU plus CPT-11 (T-C of BCNU
plus T-C of CPT-11)

¢ Tumor regression is defined as a decrease in tumor volume over
two successive measurements

* P value versus controls < 0.01

activity when BCNU plus CPT-11 were both adminis-
tered [4]. However, neither the optimal regimen nor the
mechanism of this enhancement was evaluated. The
current studies strongly suggest that maximal enhance-
ment of antitumor activity without an increase in tox-
icity is seen when BCNU and CPT-11 are started on the
same day. A 2-day delay of the CPT-11 produces a drop
in activity, whereas a 4-day delay may actually decrease
activity below additive values. Similarly, delay of BCNU
to day 8 produces a marked drop in activity, despite
CPT-11 being continued for days 8-12. The explanation
for these results is unclear. Initially we favored the hy-
pothesis that CPT-11-induced inhibition of topoisom-
erase 1 precluded repair of BCNU-induced DNA
interstrand crosslinks. Delay of the use of CPT-11 re-
sulting in less enhancement of activity could then have
been due to cytotoxicity produced by the crosslinks
whose formation peak at 12-24 h. However, delay of the
BCNU to day 8 also reduces the activity. Furthermore,
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use of noncrosslinking alkylators, particularly temozo-
lomide in combination with CPT-11 also resulted in
enhanced antitumor activity (data not shown).

An alternative hypothesis which remains unproved is
that an adduct on the O° position of guanine enhances
CPT-11 activity. This could be explained by a BCNU-
induced increase in topoisomerase I activity or recruit-
ment of topoisomerase I to its binding site on DNA.
Delay of the BCNU to day 8 might be less effective if
prior treatment with CPT-11 reduces the BCNU effect on
topoisomerase. Delay of the CPT-11 might be less effec-
tive since the BCNU-induced adduct could be repaired or
converted by a crosslink by the time CPT-11 is admin-
istered. This hypothesis remains speculative but is cur-
rently being evaluated in additional laboratory studies.

Despite a lack of mechanistic explanation for the
observed results, the enhancement of antiglioma activity
seen when BCNU and CPT-11 are both initiated on
day 1 is dramatic and reproducible. This observation
should be evaluated in other histologies, since there is no
reason to believe it is histology-specific. However, it is
possible that differences between murine and humans,
including the duration of CPT-11 exposure, rate of
metabolic conversion, and relative doses administered,
may result in a less favorable interaction of CPT-11 and
BCNU in humans. Nevertheless, on the basis of the
preclinical studies to date, we have initiated a phase I
trial of CPT-11 plus BCNU in which both agents are
started on day | as therapy for adults with recurrent
malignant glioma.
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