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Abstract Background: High grade astrocytomas remain
uniformly fatal despite aggressive surgery and radio-
therapy. As existing chemotherapeutic agents are of
limited bene®t, clinical trials are underway to screen new
drugs, such as 9-aminocamptothecin (9-AC), for activity
in high grade astrocytomas. Purpose: This study was
designed to estimate the e�cacy of 9-AC in patients with
newly diagnosed glioblastoma multiforme and recurrent
high grade astrocytomas. The planned dose of 9-AC for
this trial was 850 lg/m2 per 24 h as a 72-h continuous
intravenous infusion every 2 weeks. This was the maxi-
mum tolerated dose (MTD) on this schedule in multiple
phase I studies in patients with systemic malignancies.
However, we found this dose subtherapeutic in our pa-
tient population. As a result, the purpose of the study
was altered to determine the MTD.Methods: A group of
32 patients were studied using 850 lg/m2 per 24 h with a
provision to escalate to 1000 lg/m2 per 24 h if the ®rst
three cycles of 9-AC were without signi®cant hemato-
logic toxicity. Once it was determined that myelosup-
pression did not occur in patients on anticonvulsants,
dose escalations were initiated using the continual re-
assessment method. Dose escalations were conducted
independently in newly diagnosed and recurrent patients

and in those taking and not taking hepatic enzyme-in-
ducing anticonvulsants. Pharmacologic studies were
conducted during the ®rst cycle of 9-AC. Toxicity was
determined using the NCI common toxicity criteria and
e�cacy was assessed using serial volumetric brain scans.
Results: 9-AC was administered to 59 patients, 31 with
newly diagnosed glioblastoma multiforme and 28 with
recurrent high grade astrocytomas. No grade III±IV
myelosuppression was noted in the 29 patients (128 cy-
cles) on phenytoin, carbamazepine, phenobarbital, and/
or valproic acid who received 850 lg/m2 per 24 h. In
contrast, two of three patients (®ve cycles) who were not
taking anticonvulsants developed grade IV myelosup-
pression. Steady-state total 9-AC plasma levels were
lower in patients on anticonvulsants (median 25.3 nM )
than in patients who were not taking anticonvulsants
(median 76.5 nM ). Dose escalations performed in 27
additional patients determined the MTD in patients
taking anticonvulsants to be 1776 lg/m2 per 24 h for
patients with newly diagnosed tumors and 1611 lg/m2

per 24 h for patients with recurrent disease. Conclusions:
We describe a new and unexpected drug interaction
between 9-AC and anticonvulsants. This is similar to
recent ®ndings with paclitaxel, and suggests that higher
than ``usual'' doses of some chemotherapeutic agents are
required in patients on anticonvulsants. Prospectively
de®ned dose escalations and pharmacologic studies are
essential for the careful evaluation of new chemothera-
peutic agents in patients with brain tumors.
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Introduction

More than 50% of the 15 000 primary brain tumors
diagnosed each year in the United States are high grade
astrocytomas. These are often referred to as anaplastic
astrocytomas (grade III astrocytomas) or glioblastoma
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multiforme (Grade IV astrocytomas). The incidence of
and the mortality from these tumors appear to be rising,
particularly among the elderly.[15] Despite aggressive
surgical resection, radiation therapy, and chemotherapy,
the prognosis for patients with high grade astrocytomas
remains poor. Long-term survivors are rare and the
median survival is usually less than 1 year.

Systemic chemotherapy for malignant gliomas has
been shown to be of marginal bene®t [12, 41]. The most
active agents in this disease are the nitrosoureas, proc-
arbazine, and cisplatin. Combination chemotherapy has
not been shown to more e�cacious than single agents,
except perhaps in patients with anaplastic astrocytomas
treated with procarbazine, CCNU and vincristine [24].
New and more e�ective chemotherapeutic agents are
needed to improve the outcome for these patients.

In an e�ort to foster the evaluation of new thera-
peutic approaches for these malignancies, the National
Cancer Institute (NCI) funded CNS Consortia in 1994.
The New Approaches to Brain Tumor Therapy (NAB-
TT) CNS Consortium is screening new agents for ac-
tivity in adults with measurable newly diagnosed and
recurrent high grade astrocytomas using volumetric
neuro-imaging studies to de®ne responses. It has re-
cently completed a study of paclitaxel and discovered
that patients on hepatic enzyme-inducing antiepileptic
drugs (EIAED) require 170% of the conventional
maximum tolerated dose (MTD) of this agent to achieve
blood levels and toxicities that are comparable to those
who are not taking these agents [11]. This is probably a
consequence of induction of the hepatic P450 system
which is known to play a major role in the metabolism
of paclitaxel.

This report describes the NABTT CNS Consortium's
experience with another promising new antineoplastic
agent, 9-aminocamptothecin (9-AC), in patients with
high grade astrocytomas. As this agent has no known
metabolites, it was assumed that the MTD for patients
with primary brain tumors who are receiving EIAED
and patients with systemic cancers would be virtually
identical. However, our studies have shown that the
MTD in patients receiving EIAED is approximately
twice that recommended by the NCI based on phase I
studies in patients with systemic malignancies. This re-
port describes the toxicity and pharmacology of the dose
escalation (phase I) portion of two clinical trials of 9-AC
in patients with high grade astrocytomas. Studies of the
e�cacy of this agent in these tumors are currently under
evaluation by the NABTT CNS Consortium at the new
MTDs de®ned by the results reported here.

Methods

The 59 patients discussed in this report were on two similar clinical
trials which were conducted simultaneously by the NABTT CNS
Consortium. The ®rst was for adults with newly diagnosed gliob-
lastoma multiforme while the second was for patients with recur-
rent anaplastic astrocytoma or glioblastoma multiforme. Patients
on each protocol were to receive 9-AC at a dose of 850 lg/m2 per

day for 3 days as a continuous intravenous infusion to assess the
response rate of high grade astrocytomas to this chemotherapeutic
agent. Once it became apparent that the MTD suggested by the
NCI's Cancer Therapy Evaluation Program (NCI/CTEP) was as-
sociated with minimal toxicity in this patient population, dose es-
calations were initiated using the continual reassessment method
(CRM).

Each of these protocols and all subsequent protocol amend-
ments were reviewed and approved by NCI/CTEP and the insti-
tutional review board of each participating institution (Brown
University, Columbia University, Henry Ford Hospital, Johns
Hopkins University, Massachusetts General Hospital, Mo�tt
Cancer Center, Northwestern University, and Wake Forest Uni-
versity). Informed consent was obtained from each patient partic-
ipating in these studies.

Protocol for adults with newly diagnosed
glioblastoma multiforme

Eligibility criteria

To be eligible for the newly diagnosed protocol patients had to: (1)
be 18 years of age or older, (2) have a histologically con®rmed
supratentorial grade IV astrocytoma (glioblastoma multiforme), (3)
have measurable contrast-enhancing tumor on the postoperative
pretreatment MRI or CT scan, (4) have received no prior radiation
therapy, chemotherapy, hormonal therapy, immunotherapy or
therapy with biologic agents for the brain tumor, (5) have a
Karnofsky status ³ 60%, (6) have normal hematologic, renal and
liver function (absolute neutrophil count ³ 1500/mm3, platelets
³ 100 000/mm3, creatinine £ 1.7 mg/dl, total bilirubin £ 1.5 mg/dl,
transaminases not more than four times above the upper limits of
the institutional norm), (7) be able to give informed consent, (8) be
free of other serious medical problems which could jeopardize the
ability of the patient to safely receive the 9-AC, (9) have no active
concomitant malignancy other than curatively treated carcinoma of
the cervix in situ or basal cell carcinoma of the skin, (10) not be
pregnant or breastfeeding and be willing to follow acceptable birth
control methods to avoid conception, and (11) have no prior his-
tory of hemorrhagic cystitis. Patients with uncontrolled hyperten-
sion, angina pectoris, or cardiac arrhythmias or with known
hypersensitivity to E. coli were excluded from this trial.

Study objectives

The original primary objective of this study was to estimate the
response rate to 9-AC administered as a 72-h infusion prior to
radiation in patients with newly diagnosed supratentorial gliob-
lastoma multiforme. 9-AC was to be administered at a dose of
850 lg/m2 per day, which was thought to be the MTD. In addition,
this study was designed to assess the proportion of patients sur-
viving more than 1 year following institution of therapy, to esti-
mate the duration of disease-free progression and survival with this
treatment regimen, to seek correlations between estimates of im-
portant pharmacokinetic parameters with toxicity and/or drug
activity in this patient population, and to provide data on the
toxicity of cranial irradiation following 9-AC.

Treatment plan

The treatment approach, which consisted of preirradiation che-
motherapy, was modeled on the experience at Johns Hopkins using
BCNU and cisplatin in newly diagnosed high grade astrocytomas
[18]. The initiation of 9-AC therapy was permitted as soon after
craniotomy or biopsy as medically appropriate. A postoperative
pretreatment MRI or CT scan was obtained prior to beginning 9-
AC. Patients were to receive six cycles of 9-AC, 2 weeks apart with
volumetric scans performed before every other treatment cycle (i.e.
prior to cycles one, three and ®ve). Once hematologic toxicity from
the sixth cycle of 9-AC had resolved, a preirradiation volumetric
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scan was obtained and standard radiation therapy was adminis-
tered. If the patient deteriorated or tumor volumetrics demon-
strated progression, 9-AC was discontinued and radiation therapy
was instituted immediately. All patients were followed clinically
and radiologically every 2 months following completion of their
radiation therapy until tumor progression was evident.

9-AC preparation and administration

9-AC was provided by the NCI. Each ampule of 9-AC contained
5 mg 9-AC diluted in 1 ml 5 mg/ml dimethylacetamide solution.
These were stored at refrigerator temperatures in the intact am-
pules until the drug was needed. Each vial of 9-AC was accom-
panied by one 49-ml amber vial of diluent containing 51%
polyethylene glycol 400 and 49% 0.01 M phosphoric acid bu�er
(PEG/PA). When 9-AC was needed, 1 ml of the 9-AC concentrate
was added to the special diluent vial using a glass syringe. The
resulting mixture contained 100 lg/ml of 9-AC in a 2% dimethyl-
acetamide, 50% polyethylene glycol 400, and 48% 0.01 M phos-
phoric acid solution. The ®nal solution of 9-AC was ®ltered
through a 5 lm ®lter. The total 72-h dosing volume was adminis-
tered using a CADD infusion pump. Drug sterility and stability
studies had shown that 9-AC was stable for 72-h and the FDA
approved the use of a single 72 h cassette for this purpose. 9-AC was
diluted with additional PEG/PA diluent to reach a volume suitable
for infusion with the CADD pump. Additional diluent was used to
¯ush central venous catheters to displace any aqueous solution.

The starting dose of 9-AC for this study was 850 lg/m2 per 24 h
based on actual body weight administered continuously for 72 h
every 2 weeks. This was the recommended phase II dose on an
every-2-week dosing schedule based on phase I studies and updated
phase II data [7, 32]. 9-AC was administered in the hospital or in an
outpatient setting using a central venous catheter and a Pharmacia
CADD pump. As this drug is not compatible with standard infu-
sion ¯uids it was not administered with other ¯uids through an
existing intravenous catheter.

Pharmacokinetics

Steady-state (Css) 9-AC plasma concentrations measuring total 9-
AC levels (lactone plus carboxylate) were obtained during the ®rst
cycle of chemotherapy. One blood sample was obtained prior to
drug administration. Following the institution of 9-AC, two sam-
ples were collected 1 h apart on days 2 and 3 of the infusion when
9-AC levels should have reached steady state. Each sample was
collected in a 7-ml heparinized tube, immediately placed in an ice
bath, centrifuged at 4 °C at 1000 g for 10 min, and the plasma was
stored at )70 °C in a polypropylene tube. The specimens were
mailed on dry ice to the NABTT Operations O�ce. The total 9-AC
concentrations were determined in batches by a reversed-phase
HPLC assay with post-column acidi®cation in the Pharmacology
Laboratory of The Johns Hopkins Oncology Center [33].

Supportive care issues

A dose of dexamethasone su�cient to control peritumoral edema
was determined on clinical grounds for each patient before begin-
ning the ®rst cycle of 9-AC. An e�ort was made to keep the patient
on this steroid dose until the next scan, as changing steroid doses can
complicate the interpretation of response [16, 43]. Corticosteroid
doses were tapered as clinically indicated if the patient responded to
therapy as judged by serial scans. Antiemetics were administered as
needed. Dexamethasone was not used as an antiemetic because of its
potential e�ects on blood±brain barrier integrity.

Radiation therapy

Conventional radiation therapy was begun when serial MR or CT
scans showed progression on 9-AC or after the patient completed

six cycles of 9-AC. The radiation consisted of treatment to the
tumor plus a generous margin to a total of 6000 cGy in 30
fractions. Only patients with supratentorial tumors were eligible
for this study to ensure that the radiation techniques were similar.
In patients with responsive or stable disease, treatment planning
was performed on the basis of the initial on-study MR/CT scan.
For patients progressing during 9-AC therapy, the neuroimaging
study that showed progressive disease was used for treatment
planning.

Dose-limiting toxicities, dose modi®cations,
and the use of growth Factors

Major toxicities for this protocol were de®ned as nonhematologic
or hematologic. The dose-limiting nonhematologic toxicities were
grades III±IV in severity as speci®ed by the NCI Common Toxicity
Criteria. However, nausea and vomiting without su�cient anti-
emetic prophylaxis and alopecia were not considered major toxic-
ities. Unresolved nonhematologic toxicities that delayed the
subsequent course of chemotherapy by more than 7 days were also
considered major toxic events. Hematologic toxicities were viewed
as major toxicities if the absolute neutrophil count was less than
500/ll for 3 or more days, the platelet count was less than 25 000/
ll, febrile neutropenia occurred, or if there was more than a 7-day
delay in the subsequent course of chemotherapy because of con-
tinued myelosuppression.

If these major toxicities occurred, the dose of 9-AC would be
decreased to 700 lg/m2 per day. If major toxicities persisted at this
dose the administered dose would be further reduced to 600 lg/m2

per day. If there were only minimal toxicities (£ grade I neutropenia
or thrombocytopenia and/or £ grade II absolute neutrophil count)
after three courses of 9-AC at 850 lg/m2 per day, the 9-AC dose
could be escalated to 1000 lg/m2 per day. G-CSF was not used
prophylactically in this protocol in accordance with the recom-
mendation of the NCI/CTEP. Clinicians caring for patients on this
protocol were permitted to use G-CSF to provide optimal care for
patients with severe neutropenia in accordance with the 1994
ASCO guidelines for the use of these agents. Thus, G-CSF was
used in an acute setting of neutropenia, but not with subsequent
cycles or in lieu of a dose reduction.

Quality assurance

Serial MRI and CT scans for all patients treated at the MTD were
required to be centrally reviewed. Likewise, the pathology of all
responding patients were reviewed at the NABTT Central Opera-
tions O�ce.

Protocol for adults with recurrent high grade astrocytomas

Eligibility criteria

To be eligible for the recurrent disease trial patients had to: (1) be
18 years of age or older, (2) have histologically proven anaplastic
astrocytoma or glioblastoma which was progressive or recurrent
following radiation or chemotherapy, (3) have measurable disease,
(4) have an estimated life expectancy of more than 2 months, (5)
have received one or fewer prior chemotherapy regimens which
could not include a topoisomerase inhibitor, (6) have a Karnofsky
status of ³ 60%, (7) have normal hematologic, renal and liver
function (absolute neutrophil count ³ 1500/mm3, platelets
³ 100 000/mm3, creatinine £ 1.7 mg/dl, total bilirubin £ 1.5 mg/dl,
transaminases not more than four times above the upper limits of
the institutional norm), (8) be able to give informed consent, (9) be
free of other serious concurrent infection or other medical illness
which could jeopardize the ability of the patient to safely receive
the 9-AC, (10) have no active concomitant malignancy other than
curatively treated carcinoma of the cervix in situ or basal cell
carcinoma of the skin, (11) not be pregnant or breastfeeding and be
willing to follow acceptable birth control methods to avoid
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conception, and (12) have no prior history of hemorrhagic cystitis.
Patients with uncontrolled hypertension, angina pectoris, evidence
of uncontrolled cardiac arrhythmias or known hypersensitivity to
E. coli were excluded from this trial.

Study objectives

The primary objective of this study was to assess the response rate
to 9-AC in adults with recurrent or progressive malignant glioma.
The study was also designed to determine the time to progression,
to seek correlations between steady state 9-AC levels with toxicity
and to determine the toxicity of 9-AC in this patient population.

Treatment plan

Patients were to receive 9-AC as described in the newly diagnosed
protocol and to continue on these treatments every 2 weeks until
there was evidence of tumor progression on serial CT or MR im-
ages. The 9-AC preparation and administration, initial doses and
dose modi®cations, 9-AC pharmacokinetics, supportive care, and
quality assurance were conducted as described in the newly diag-
nosed protocol. As this group of patients had already received
cranial irradiation, this was not a part of this protocol.

Dose escalation using the continual reassessment method

Patients on each of these protocols were to receive 9-AC at a ®xed
dose of 850 lg/m2 per 24 h for 3 days as a continuous intravenous
infusion to assess the response rate of high grade astrocytomas to
this chemotherapeutic agent. Once it became apparent that this
dose and the escalated dose of 1000 lg/m2 per 24 h were associated
with minimal toxicity in patients on anticonvulsants, dose escala-
tions using a modi®ed version of the CRM were initiated [26].
Aside from the dose escalations, the overall treatment plan was not
altered.

Escalations occurred separately for each protocol (newly diag-
nosed and recurrent disease) and for patients who were and were
not taking EIAED. For purposes of these studies, EIAED included
phenytoin, carbamazepine, phenobarbital, primidone, felbamate,
and valproic acid. Non-EIAED included gabapentin and lamo-
trigine. The use of dexamethasone was not factored into the dose
escalations.

We employed a dose escalation scheme similar to the CRM
recently proposed by Goodman et al. [14]. This was appealing
because it was likely that the dose of 9-AC administered was not far
from the true MTD. The modi®ed CRM algorithm began with
treatment of three patients at each dose level. Data from the pa-
tients who had received 800 and 1000 lg/m2 per 24 h on these
protocols and an initial dose projection using the CRM generated
the next dose level of 1260 lg/m2 per 24 h. After three patients
were treated at this dose, all available data were modeled with a
logistic dose response function. This model was used to calculate
the dose associated with a toxicity rate of 30% from the ®rst cycle
of 9-AC. Dose increases were restricted to 1.5 times (150%) the
maximum dose already administered. In this way, rapid dose es-
calations or testing high doses without a reasonable degree of
clinical certainty concerning their safety were prevented. The pro-
cess stopped and a new MTD was recommended for a formal de-
termination of the e�cacy of 9-AC in this patient population when
the recommended dose using the CRM method changed by less
than 10%.

This design is not routinely employed for phase I cytotoxic drug
studies. However, it has been used for dose ®ndings in several
clinical trials and has been studied extensively by statistical simu-
lation [26]. Furthermore, the design is particularly e�cient when
starting near the MTD and when a fair amount of dose response
data are available. The design also permits de-escalation in the
event that toxicities are observed more frequently than desired.

Results

Initial 32 patients on phase II protocols

The protocols for patients with newly diagnosed gliob-
lastoma multiforme and for recurrent high grade as-
trocytomas began accruing patients at approximately
the same time. The statistical section of these protocols
speci®ed a review after an initial cohort of patients to
determine if there was su�cient e�cacy for the trials to
continue. The formal review for both of these protocols
was conducted concurrently by the Central Operations
O�ce of the NABTT CNS Consortium. A total of 32
patients were initially entered on these two protocols: 16
with newly diagnosed glioblastoma multiforme and 16
with recurrent high grade astrocytomas. The patients
ranged in age from 27 to 75 years with a median age of
58 years; 64% were male and 88% were Caucasian. Only
one partial response was reported from the treating in-
stitutions in a patient with a recurrent high grade as-
trocytoma. The low response rate to 9-AC in these
patients suggested that further evaluation of this agent
in high grade astrocytomas was unlikely to be produc-
tive.

A total of 133 cycles of 9-AC were administered to
these 32 patients. The 16 patients with newly diagnosed
glioblastoma multiforme received 50 cycles of 9-AC; 37
cycles were administered at a dose of 850 lg/m2 per 24 h
and 13 at 1000 lg/m2 per 24 h. The 16 patients with
recurrent disease received 83 cycles of 9-AC; 61 at
850 lg/m2 per 24 h, 21 at 1000 lg/m2 per 24 h, and 1 at
700 lg/m2 per 24 h which was a dose reduction sec-
ondary to myelosuppression. Following the ®rst cycle of
9-AC, only two of the 32 patients experienced signi®cant
toxicities. One patient had grade III±IV myelosuppres-
sion while the other had grade III non-hematologic
toxicity. When myelosuppression was analyzed as a
function of EIAED use, two of three patients (®ve cy-
cles) who were not taking EIAED developed grade IV
myelosuppression. In contrast, no grade III±IV myelo-
suppression was noted in the 29 patients (128 cycles) on
phenytoin (15), carbamazepine (7), phenobarbital (2),
and/or valproic acid (3).

Steady state total 9-AC levels were assessed using
reversed-phase HPLC with post-column acidi®cation in
23 patients on these two protocols. Of these patients, 20
were on EIAED. 9-AC levels were lower (mean 40 nM,
median 25.3 nM, SD 28.6) in patients on EIAED than in
patients not taking EIAED (mean 74.7 nM, median
76.5 nM, SD 10.1).

These ®ndings prompted the temporary closure of
these protocols and a review of the data with the NCI.
The protocols were revised to include separate phase I
dose escalations for patients who were taking speci®ed
EIAED and for those who were not as described above
in the Methods section. Dose escalations and de-esca-
lations were made using the modi®ed CRM described
above. Once the MTD was determined in patients taking
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and not taking EIAED in newly diagnosed glioblastoma
multiforme and in recurrent high grade astrocytomas, a
standard phase II evaluation of e�cacy was to begin.
The results of the phase I portion of these trials are
described below. The phase II studies of 9-AC at the
newly de®ned MTD are currently underway through the
NABTT CNS Consortium and will be reported sepa-
rately.

Patients with newly diagnosed glioblastoma multiforme

A total of 31 patients with newly diagnosed glioblas-
toma multiforme were treated with 9-AC on this re-
search protocol. Six patients who were not taking
EIAED received a total of 13 cycles of 9-AC at a dose of
850 lg/m2 per 24 h (Table 1). Five of these patients were
not taking any EIAED and one was receiving gaba-
pentin. One of six patients developed grade III diarrhea
during the ®rst cycle of 9-AC which was a dose-limiting
toxicity.

A total of 14 patients taking EIAED were treated at a
dose of 850 lg/m2 per 24 h. No hematologic or nonhe-
matologic grade III±IV toxicities were observed at this
dose. EIAED taken by these patients included phenytoin
(eight), carbamazepine (four), and valproic acid (two).
Seven patients received 9-AC at a dose of 1000 lg/m2

per 24 h. All of these patients had been dose escalated
from 850 lg/m2 per 24 h. No grade III±IV toxicities
were noted at 1000 lg/m2 per 24 h. Four of these pa-
tients were on phenytoin, two were on valproic acid, and
one was on carbamazepine.

The next dose selected by the CRM was 1260 lg/m2

per 24 h. Four patients received this dose. All were re-
ceiving phenytoin and none experienced grade III±IV
toxicities. The next dose level was 1865 lg/m2 per 24 h.
Two of the four patients at this dose developed dose-
limiting toxicities. One had a febrile neutropenia and the
second had grade IV myelosuppression lasting for over 3
days and grade II stomatitis. The next dose level selected
by the CRM was 1740 lg/m2 per 24 h. Three patients
were treated at this dose level and all were receiving
phenytoin. One of the three developed grade IV mye-
losuppression lasting for over 3 days. The dose-limiting
toxicities for the newly diagnosed patients are presented
Table 1. The data from these dose escalations were

modeled using the CRM to establish an MTD of
1776 lg/m2 per 24 h for previously untreated patients
taking EIAED.

Steady-state total 9-AC levels were obtained in six
patients treated at 850 lg/m2 per 24 h who were not
taking EIAED, in ten patients treated at 850 lg/m2 per
24 h while taking EIAED, in four patients treated
at 1260 lg/m2 per 24 h, in three patients treated at
1740 lg/m2 per 24 h and in four patients treated at
1865 lg/m2 per 24 h. The median and range of total
9-AC levels in patients taking or not taking EIAED are
presented in Fig. 1.

Patients with recurrent high grade astrocytomas

A total of 28 patients with recurrent high grade as-
trocytomas received 9-AC on this protocol (Table 2).
Three patients who were not taking EIAED received a
dose of 850 lg/m2 per 24 h. One patient developed
grade IV myelosuppression.

Fifteen patients taking EIAED were treated at a dose
of 850 lg/m2 per 24 h. No hematologic or nonhemato-
logic grade III±IV toxicities were observed. The EIAED
these patients were taking were as follows: phenytoin
(seven), carbamazepine (®ve), phenobarbital (three), and
valproic acid (two). Six patients received 9-AC at a dose
of 1000 lg/m2 per 24 h after being dose escalated from

Table 1 Dose-limiting toxicities (DLT) observed with cycle one of 9-AC in patients with newly diagnosed glioblastoma multiforme in
relation to dose and anticonvulsant status (EIAED enzyme-induced antiepileptic drugs)

Dose level No. of Grade III±IV Febrile Grade IV Platelets Patients with
(lg/m2) patients nonhematologic neutropenia neutropenia <25 000 DLT per dose

>3 days per ll level (%)

850 ()EIAED) 6 1 0 0 0 17
850 (+EIAED) 14 0 0 0 0 0
1000 (+EIAED) 7 0 0 0 0 0
1260 (+EIAED) 4 0 0 0 0 0
1740 (+EIAED) 3 0 0 1 0 33
1865 (+EIAED) 4 0 1 1 0 50

Fig. 1 Steady state plasma concentrations of 9-AC observed with
cycle one of 9-AC in patients with newly diagnosed glioblastoma
multiforme in relation to dose and anticonvulsant status (EIAED
enzyme-inducing antiepileptic drugs)
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850 lg/m2 per 24 h. One patient developed a grade III
anemia. Four of these patients were receiving phenytoin
and two were receiving carbamazepine. One of six pa-
tients treated at a dose of 1260 lg/m2 per 24 h developed
grade IV myelosuppression lasting for more than 3 days
with the ®rst cycle of 9-AC. All of these patients were
receiving phenytoin and two patients were also taking a
second EIAED (carbamazepine and valproic acid). Four
patients were treated at a dose of 1611 lg/m2 per 24 h;
however the toxicities in one patient could not be as-
sessed because of missing data. One of the three evalu-
able patients at this dose was receiving phenytoin alone,
one was taking phenytoin and phenobarbital, and the
third was receiving phenytoin and gabapentin. One of
these patients developed grade IV neutopenia which
persisted for more than 3 days. The dose-limiting tox-
icities for these patients are presented in Table 2 and for
all patients on these protocols in Fig. 2. The MTD for
previously treated patients taking EIAED was 1611 lg/
m2 per 24 h while the MTD for patients who were not
taking EIAED has yet to be determined.

Steady-state total 9-AC levels were obtained in three
patients treated at 850 lg/m2 per 24 h who were not
taking EIAED, in ten patients treated at 850 lg/m2 per
24 h who were taking EIAED, in six patients treated at
1260 lg/m2 per 24 h, and in four patients treated at

1611 lg/m2 per 24 h. The steady-state total 9-AC levels
in these patients are presented graphically in Fig. 3 in
relation to dose and EIAED status. Dose-limiting tox-
icities were noted only in patients with mean total 9-AC
levels above 50 nM.

Pharmacologic analyses

Total 9-AC clearance was calculated in patients receiv-
ing and not receiving EIAED using the average of four
samples collected on days 2 and 3 to estimate the Css.
The mean clearance was 38 ml/min per m2 for patients
not receiving EIAED and 64 ml/min per m2 in patients
receiving EIAED. We assumed these patients had
achieved steady-state concentrations based on the re-
cently reported elimination half-lives of 4.5 h for the
lactone and 8.4 h for 9-AC [39]. This was further eval-
uated by comparing average 9-AC levels from day 2 and
day 3 of the 72 h infusion. Twelve patients had con-
centrations that rose by 30% or more on day 3, 5 pa-
tients had 9-AC levels that fell by 30% or more, and 31
patients had levels that did not vary by more than 30%.
Two sample sets were discarded because measured
concentrations were very high, suggesting that the
samples probably were drawn from the site at which the
drug was infusing. The average 9-AC clearances in pa-
tients receiving and not receiving EIAED at the 850 lg/
m2 per day dose level were not signi®cantly di�erent.

Fig. 2 Percentage of all patients (newly diagnosed and recurrent
disease) with dose-limiting toxicities following one cycle of 9-AC in
relation to dose and anticonvulsant status (EIAED enzyme-
inducing antiepileptic drugs)

Table 2 Dose-limiting toxicities (DLT) observed with cycle one of 9-AC in patients with recurrent high grade astrocytomas in relation to
dose and anticonvulsant status (EIAED enzyme-induced antiepileptic drugs)

Dose level No. of Grade III±IV Febrile Grade IV Platelets Patients with
(lg/m2) patients nonhematologic neutropenia neutropenia <25 000 DLT per dose

>3 days per ll level (%)

850 ()EIAED) 3 0 1 0 0 33
850 (+EIAED) 15 0 0 0 0 0
1000 (+EIAED) 6 0 0 0 0 0
1260 (+EIAED) 6 0 0 1 0 17
1611 (+EIAED) 3 0 0 1 0 33

Fig. 3 Steady-state plasma concentrations of 9-AC observed with
cycle one of 9-AC in patients with recurrent high grade
astrocytomas in relation to dose and anticonvulsant status (EIAED
enzyme-inducing antiepileptic drugs)
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This requires further investigation given the relatively
small number of patients studied at this dose level and
the large variance in values which have also been noted
in previous pharmacokinetic studies of this agent [39].

Discussion

This report describes results from two studies designed
as conventional phase II studies to evaluate the e�cacy
of 9-AC in high grade astrocytomas. However, once 14
patients with newly diagnosed glioblastoma multiforme
and 15 patients with recurrent high grade astrocytomas
were treated, it was evident from the lack of observed
myelosuppression that these studies needed to be rede-
signed. The MTD of 850 lg/m2 per 24 h for 3 days,
which had been established in phase I studies in patients
with systemic malignancies, was too low for patients
with brain tumors receiving concomitant EIAED. Using
the CRM, the dose of 9-AC was escalated and an MTD
of 1776 lg/m2 per 24 h for 3 days was established for
newly diagnosed patients and 1611 lg/m2 per 24 h for 3
days for patients with recurrent disease. These doses are
209% and 180% of the MTD for patients with systemic
malignancies.

These results are remarkably similar to those ob-
tained by the NABTT CNS Consortium in their recently
completed study of paclitaxel in a nearly identical pa-
tient population [11]. The MTD of paclitaxel in patients
who were not taking EIAED was 140 mg/m2 as a con-
tinuous intravenous infusion over 96 h, which is the
recommended MTD for this infusion schedule in pa-
tients with systemic malignancies. However, the MTD in
patients taking EIAED was 200 mg/m2.

9-AC is an analogue of the topoisomerase I inhibitor,
camptothecin, which is an alkaloid extracted from the
Chinese plant Camptotheca acuminata [42]. Early studies
of camptothecin demonstrated that it inhibits RNA and
DNA synthesis in a variety of animal and human tumor
cell lines in vitro and in vivo [13]. In the 1970s, phase I
and II trials were conducted using the camptothecin salt.
These demonstrated minimal antitumor activity and
signi®cant bladder toxicity. However, there was renewed
interest in camptothecin and its analogues once it be-
came clear that the inhibition of DNA topoisomerases
plays a role in cytotoxicity [4, 7, 19, 21, 22, 30, 32].

Several camptothecin analogues have been synthe-
sized, including CPT-11, topotecan, and 9-AC [27]. 9-
AC has demonstrated high antitumor activity against
breast and lung tumors, melanoma xenografts, hepatic
metastases from primary colon cancer, and intraperito-
neally implanted leukemia and sarcoma [25, 28]. In an-
imals, 9-AC appears to be rapidly absorbed following
subcutaneous and oral dosing and is widely distributed
throughout the body [8, 9, 36]. In mice, about half of the
administered 9-AC dose is excreted in the urine and feces
[34, 35]. Under physiological conditions the lactone
moiety of 9-AC undergoes a rapid and reversible pH-
dependent conversion to a carboxylated open-ring form

which does not inhibit topoisomerase I activity [10, 40].
At equilibrium at pH 7.4, the open-ring form predomi-
nates. No metabolites of 9-AC have yet been identi®ed
[37, 38].

Several phase I dose-®nding studies have been com-
pleted with 9-AC. In one, 9-AC was administered as a
72-h continuous infusion every 3 weeks, with a starting
dose of 5 lg/m2 per h [31]. Of the 30 patients who en-
tered this study, all but one had received prior treatment.
The major toxicity observed was hematologic, with 13/
30 patients having grade III or IV leukopenia (®ve of
which were dose limiting). Eight of the 30 patients had
grade III or IV thrombocytopenia. Other toxicities in-
cluded fever with neutropenia, nausea/vomiting, and
mucositis. Alopecia was reported in the majority of
patients. The MTD on an every-3-week regimen, with-
out growth factor support, was 45 lg/m2 per h. The
dose-limiting toxicity was leukopenia. There was also
signi®cant thrombocytopenia at the MTD. Minor re-
sponses were reported in patients with colon, lung and
gastric adenocarcinoma.

In another phase I study the dosing schedule was
every 2 weeks [6]. Of 44 patients entered, most if not all
were previously treated. Based on the ®rst part of the
study which did not include G-CSF, the recommended
dose was 35 lg/m2 per h every 2 weeks. Granulocyto-
penia was the dose-limiting toxicity. Alopecia and nau-
sea/vomiting were observed frequently at doses of 35 lg/
m2 per h and higher. Mucositis and diarrhea were also
reported, but were not common. When the protocol was
amended to include G-CSF administration, doses as
high as 74 lg/m2 per h were administered. However,
both patients treated at this dose had grade IV throm-
bocytopenia and neutropenia. Several patients also had
decreases in hemoglobin requiring transfusions. Three
minor responses were observed in this study, one each in
ovarian, colorectal and non-small-cell lung cancer.

Based upon the above phase I data, a number of
phase II trials of 9-AC were initiated. Febrile neutro-
penia and grade IV thrombocytopenia were consistently
noted in patients who received a dose of 59 lg/m2 per h
for 72 h with G-CSF. As a result, the NCI issued up-
dated guidelines on 9-AC dosing for ongoing phase II
trials with G-CSF of 1100 lg/m2 per 24 h (45 lg/m2 per
h) with dose reductions to 900, 700 and 600 lg/m2 per
24 h (37.5, 29.1, 25 lg/m2 per h) as needed. Without the
use of prophylactic G-CSF, a starting dose of 850 mg/
m2 per day for 3 days (approximately 35 lg/m2 per h)
administered as a continuous infusion every 2 weeks was
recommended. This schedule and CTEP's suggested
dose modi®cations formed the basis for the clinical
protocols reported here.

There are preliminary pharmacologic data from a
National Naval Medical Center phase I study which
used an every-2-weeks schedule in patients with solid
tumors [7, 27]. Following a 72-h continuous infusion,
steady-state concentrations were achieved within 48±
72 h. Plasma lactone concentrations declined in abiphasic
fashion with an apparent mean terminal elimination
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half-life of 9 h. Estimates based on total drug showed a
half-life of 5±6 h. This may re¯ect faster systemic
clearance of the open-ring carboxylate form. Over a dose
range of 5±59 lg/m2 per h, Cm values of lactone were
found to be relatively proportional. Lactone levels
following the 50 or 59 lg/m2 per h infusion (doses near
the MTD) were in the 6±8 nM (2.1±2.9 ng/ml) range.
Systemic clearance of 9-AC lactone appeared dose-in-
dependent, and over the dose range of 5±59 lg/m2 had a
mean of 26 l/h per m2. The carboxylate to lactone (C/L)
ratio in three patients receiving 47 lg/m2 per h infusion
varied between 7 and 13. The most recent pharmaco-
dynamic studies of 9-AC demonstrate a sigmoidal Emax
correlation between myelosuppression and 9-AC lactone
levels. In the initial phase I study (every 3 weeks), the
Css was approximately 50 nM at the 35, 45 and 60 lg/
m2 per h doses and drug elimination was similar to that
found in the other study.

No available data on 9-AC suggest that activation of
the hepatic P450 system by EIAED would signi®cantly
a�ect the pharmacology of this agent. In addition, the
agents de®ned by these protocols as +EIAED have a
wide range of P450 activation. Thus, the reason our
patients tolerated signi®cantly higher doses 9-AC doses
has yet to be determined. Regardless of the mechanisms,
9-AC could easily have been dismissed as ``another in-
active agent'' in high grade astrocytomas were it not for
careful attention to the toxicities noted at the initial dose
and correlative pharmacologic studies. Similarly, pac-
litaxel could have been deemed ine�ective at the 140 mg/
m2 dose without having received an adequate trial at the
true MTD.

These observations have signi®cant implications for
patients with brain tumors. Typically doses of new
agents used in phase II brain tumor studies are taken
directly from phase I studies conducted in patients who
are not taking EIAED. EIAED-induced alterations in
the metabolism of chemotherapy drugs as di�erent as
paclitaxel and 9-AC suggest that other drugs may have
been deemed ine�ective without having been studied at
their true MTD. Unfortunately, a review of the litera-
ture reveals that EIAED use and the extent of myelo-
suppression, a reasonable surrogate for adequate dosing
for many agents, are poorly documented in published
reports of phase II studies in brain tumors [29]. Fur-
thermore, the results of many negative trials remain
unpublished. As a result, some agents which were pre-
viously reported as ine�ective in patients with brain
tumors may need to be reevaluated at higher doses.

The doses for some antineoplastic drugs which are
currently administered to patients with brain tumors
may also need to be reviewed. For example, di-
bromodulcitol, procarbazine and 5-¯uorouracil have
some reported e�cacy in high grade astrocytomas, but
are also metabolized by the hepatic microsomal system
[1, 2, 5, 20, 23, 24]. These agents are often reported to be
``well tolerated'' in patients with primary brain tumors,
but may be prescribed at subtherapeutic doses in pa-
tients on EIAED. Other antineoplastic agents used in

patients with brain tumors also have some degree of
hepatic metabolism, such as the nitrosoureas and hy-
droxyurea. Further studies are needed to determine
whether the pharmacology of these agents is a�ected by
EIAED. The complexity of these drug interactions is
highlighted by the observation that chemotherapeutic
agents also a�ect the levels and e�cacy of several
commonly used EIAED [17]. Careful pharmacologic
studies and dose escalation plans appear critical in the
evaluation of new agents in patients with brain tumors.

These ®ndings also have implications for patients
with neoplasms that originate outside of the central
nervous system. Patients with systemic cancers also re-
ceive EIAED for seizure disorders, brain metastases,
and neuropathic pain. In addition, other drugs can a�ect
the hepatic microsomal system thereby altering blood
levels of antineoplastic agents. These drug interactions
could be responsible for the wide variations in toxicity
and e�cacy seen in patients receiving the same dose of
chemotherapy. Further research in needed to better
understand the clinical importance and the precise
mechanisms involved in these drug interactions.

Acknowledgements The authors wish to thank Ms. Carol Hartke
for her technical assistance in this research study.

References

1. Afra D, Kocsis B, Szinai I, Eckhardt S (1986) Di-
bromodulcitol-based combined postoperative chemotherapy of
malignant astrocytomas and glioblastomas. J Neurooncol 4:
65±70

2. Afra D, Kerpel-Fronius S, Szinai I, et al (1990) Combined
treatment of anaplastic astrocytoma with diacetyl-dianhydro-
galactitol (DADAG). J Neurooncol 8: 85±91

3. Bakhemuka M, Massey EW, schoenberg BS (1988) Interna-
tional mortality from primary nervous system neoplasms: dis-
tributions and trends: Int J Epidemiol 17: 33±38

4. Bendixen C, Thomsen B, Alsner J, Wastergaard O (1990)
Camptothecin-stabilized topoisomerase I-DNA abducts cause
premature termination of transcription. Biochemistry 29:
5613±5619

5. Cairncross G, Macdonald D, Ludwin S, Lee D, Cascino T,
Buckner J, Fulton D, Dropcho E, Stewart D, Schold C Jr
(1994) Chemotherapy for anaplastic oligodendroglioma. J Clin
Oncol 12: 2013±2021

6. Dahut W, Harold N, Takimoto C, Allegra C, Chen A, Ham-
ilton JM, Arbuck S, Sorensen M, Grollman F, Nakashima H,
Lieberman R, Liang M, Corse W, Grem J (1996) Phase I and
pharmacologic study of 9-aminocamptothecin given by 72-
hour infusion in adult cancer patients. J Clin Oncol 14: 1236±
1244

7. Dancey J, Eisenhauer EA (1996) Current perspectives on
camptothecins in cancer treatment. Br J Cancer 74: 327±338

8. Division of Cancer Treatment, NCI (September 1992) Clinical
brochure 9-amino-20(S)-camptothecin (9-AC) NSC 603071

9. Dixit R, Lopez R, Douglas T, Fanska C, Stoltz M, Arneson D,
Stedham M, Smith A, Tomaszewski JE (1992) The intravenous
infusion toxicity of 9-amino-20[S]-camptothecin (9-AC, NSC-
603071) in beagle dogs. Proc Am Assoc Cancer Res 33: 548

10. Fassberg J, Stella VJ (1992) A kinetic and mechanistic study of
the hydrolysis of camptothecin and some analogues. J Pharm
Sci 81: 676±684

11. Fetell MR, Grossman SA, Fisher J, Erlanger B, Rowinsky E,
Stockel J, Piantadosi S (1997) Pre-irradiation paclitaxel in

125



glioblastoma multiforme: e�cacy, pharmacology, and drug
interactions. J Clin Oncol 15: 3121±3128

12. Fine HA, Dear KBG, Loe�er JS, Black PM, Canellos GP
(1993) Meta-analysis of radiotherapy with and without adju-
vant chemotherapy for malignant gliomas in adults Cancer 71:
2585±2597

13. Giovanella BC, Stehlin JS, Wall ME, Wani Mc, Nicholas AW,
Liu LF, Silber R, Potmesil M (1989) DNA topoisomerase I-
targeted chemotherapy of human colon cancer in xenografts.
Science 246: 1046±1048

14. Goodman SN, Zahurak ML, Piantadosi S (1995) Some prac-
tical improvements in the continual reassessment method for
phase I studies, Stat Med 14: 1149±1161

15. Greig NH, Reis LG, Yancik R, Rapoport SI (1990) Increasing
annual incidence of primary malignant brain tumors in the
elderly. J Natl Cancer Inst 82: 1621±1624

16. Grossman SA, Burch PA (1988) Quantitation of tumor re-
sponse to antineoplastic chemotherapy. Semin Oncol 15: 441±
454

17. Grossman SA, Sheidler VR, Gilbert MR (1989) Decreased
phenytoin levels in patients receiving chemotherapy: report of a
series and a review of the literature. Am J Med 87: 505±510

18. Grossman SA, Wharam M, Sheidler V, Zeltzman M, Zinreich
J, Moynihan T, Gilbert H (1992) BCNU/Cisplatin followed by
radiation in poor prognosis patients with high grade as-
trocytomas. Proc Am Soc Clin Oncol 11: 149

19. Hertzberg RP, Caranfa MJ, Hecht S (1989) On the mechanism
of topoisomerase I inhibition by camptothecin: evidence for
binding to an enzyme-DNA complex. Biochem 28: 4629±4638

20. Hildebrand J, Sahmoud T, Mignolet F, Brucher JM, Afra D
(1994) Adjuvant therapy with dibromodulcitol and BCNU
increases survival of adults with malignant gliomas. Neurology
44: 1479±1483

21. Hsiang YH, Lui LF (1988) Identi®cation of Mammalian DNA
topoisomerase I as an intracellular target of the anticancer
drug camptothecin. Cancer Res 48: 1722±1726

22. Hsiang YH, Hertzberg R, Hecht S, Liu LF (1985) Campto-
thecin induces protein-linked DNA breaks via mammalian
DNA topoisomerase I. J Biol Chem 260: 14873±14878

23. Levin V, Ho�man WF, Pischer TL, Seager ML, Boldrey EB,
Wilson CB (1978) BCNU-5-¯uorouracil combination therapy
for recurrent malignant brain tumors. Cancer Treat Rep 62:
2071±2076

24. Levin VA, Silver P, Hannigan J, Wara WM, Gutin PH, Davis
RL, Wilson CB (1990) Superiority of post-radiotherapy adju-
vant chemotherapy with CCNU, procarbazine, and vincristine
(PCV) over BCNU for anaplastic gliomas: NCOG 6G61 ®nal
report. Int J Radiat Oncol Biol Phys 18: 321±324

25. Pantazis P, Hinz HR, Mendoza JT, Kozielski AJ, Williams LJ
Jr, Tehlin JS Jr, Giovanella BC (1992) Complete inhibition of
growth followed by death of human malignant melanoma cells
in vitro and regression of human melanoma xenografts in im-
munode®cient mice induced by camptothecins. Cancer Res 52:
3980±3987

26. Piantadosi S, Fisher JD, Grossman SA (1998) Practical im-
plementation of the continual reassessment method for dose
®nding trials. Cancer Chemother Pharmacol 41: 429±436

27. Potmesil M, Giovanella BC, Lui LF (1991) Preclinical studies
of DNA topoisomerase I-targeted 9-amino and 10,11-met-
hylenedioxycamptothecin, In: Potmesil M, Kohn KW (eds)
DNA topoisomerases in cancer, Oxford University Press, New
York, pp 283±298

28. Potmesil M, Giovanella BC, Wall ME, et al (1993) Preclinical
and clinical development of DNA topoisomerase I inhibitors in
the United States, In: Andoh T (ed) The International Sym-

posium on DNA Topoisomerases in Chemotherapy. CRC
Press, New York, pp 301±311

29. Rich JN, Grossman SA (1997) Hematologic toxicities associ-
ated with hepatically metabolized chemotherapy in brain tu-
mor trials: potential role of anticonvulsants. Proc Am Soc Clin
Oncol 16: 395

30. Rivory LP, Robert J (1995) Molecular, cellular and clinical
aspects of the pharmacology of 20(S)camptothecin and its de-
rivatives. Pharmacol Ther 68: 269±296

31. Rubin E, Wood V, Bharti A, Trites D, Lynch C, Kufe D (1994)
A phase I trial of 9-aminocamptothecin (9-AC). Proc Am
Assoc Cancer Res 35: 245

32. Slichenmyer WJ, Donehower RC (1995) Recent clinical ad-
vances with camptothecin analogues. Cancer Treat Res 78: 29±
43

33. Su H, Chen TL, Rowinsky EK (1996) An improved HPLC
assay for the determination of plasma 9-aminocamptothecin
(9-AC) concentrations in patients with solid tumor in an
ongoing phase II clinical trial. Proc Am Assoc Cancer Res 37:
172

34. Supko JG, Malspeis L (1991) A reversed-phase HPLC method
for determining camptothecin in plasma with speci®city for the
intact lactone form of the drug. J Liq Chromatogr 14: 1779±
1803

35. Supko JG, Malspeis L (1993) Pharmacokinetics of the 9-amino
and 10,11-methylene-dioxy derivatives of camptothecin in
mice. Cancer Res 53: 3062±3069

36. Supko JG, Plowman J, Dykes DJ, Zaharko DS (1992) Rela-
tionship between the schedule dependence of 9-amino-20-(S)-
camptothecin (AC;NSC603071) antitumor activity in mice and
its plasma pharmacokinetics. Proc Am Assoc Cancer Res 33:
432

37. Takimoto CH, Klecker RW, Dahut WL, Yee LK, Strong JM,
Allegra CJ, Grem JL (1994) Analysis of the active lactone form
of 9-aminocamptothecin in plasma using solid-phase extraction
and high-performance liquid chromatography. J Chromatogr
B Biomed Appl 655: 97±104

38. Takimoto CH, Klecker RW, Dahut WL, Brillhart N, Yee LK,
Strong JM, Nakashima H, Lieberman R, Allegra CJ, Grem JL
(1994) Preliminary pharmacokinetics of the active lactone form
of 9-aminocamptothecin using a sensitive new HPLC assay.
Proc Am Assoc Cancer Res 33: 242

39. Takimoto CH, Dahut W, Marino MT, Nakashima H, Liang
DM, Harold N, Lieberman R, Arbuck SG, Band RA, Chen
AP, Hamilton JM, Cantilena LR, Allegra CJ, Grem JL (1997)
Pharmacodynamics and pharmacokinetics of a 72 hour infu-
sion of 9-aminocamptothecin in adult cancer patients. J Clin
Oncol 15: 1492±1501

40. Underberg WMJ, Goosen RMJ, Smith BR (1990) Equilibrium
kinetics of the new experimental anti-tumor compound SK&F
104864-A in aqueous solution. J Pharm Biomed Anal 8: 681±
683

41. Walker MD, Green SB, Byar DP, Alexander E Jr, Batzdorf U,
Brooks WH, Hunt WE, Maccarty CS, Mahaley MS Jr, Mealey
J Jr, Owens G, Ransoho� J 2nd, Robertson JT, Shapiro WR,
Smith KR Jr, Wilson CB, Strike TA (1980) Randomized
comparisons of radiotherapy and nitrosoureas for malignant
gliomas after surgery. N Engl J Med 303: 1323±1329

42. Wani MC, Ronman PE, Lindley JT, Wall ME (1980) Plant
antitumor agents: synthesis and biological activity campto-
thecin analogues. J Med Chem 23: 554±560

43. Watling CJ, Lee DH, Macdonald DR, Cairncross JG (1994)
Corticosteroid-induced magnetic resonance imaging changes in
patients with recurrent malignant glioma. J Clin Oncol 12:
1886±1889

126


