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BACKGROUND. Although temozolomide is active against recurrent malignant gli-

oma, responses in many patients are modest and short-lived. Temozolomide may

prove more effective in combination with other agents. Therefore, combination

oral chemotherapy for these patients is a particularly attractive approach.

METHODS. The authors conducted a Phase I study of temozolomide in combination

with escalating doses of oral etoposide (VP-16) to determine the maximum toler-

ated doses of these two agents when given together. The temozolomide dose was

fixed at 150 mg/m2 per day on Days 1–5. The oral VP-16 was escalated in cohorts

of 3 to 6 patients by numbers of days of VP-16 administered: 50 mg/m2 per day,

Days 1–5 (dose level 1), Days 1– 8 (dose level 2), Days 1–12 (dose level 3), Days 1–16

(dose level 4), and Days 1–20 (dose level 5). Therapy was given in 28-day cycles.

RESULTS. Of the 29 patients enrolled, 26 were fully evaluable and 3 were partially

evaluable for toxicity. The 29 patients received a total of 92 cycles. The median age

of the patients was 49 years (range, 28 –76 years). Diagnoses included glioblastoma

(n � 19), gliosarcoma (n � 3), anaplastic astrocytoma (n � 5), and anaplastic

oligoastrocytoma (n � 2). The median time from diagnosis to disease recurrence

was 8 months (3–188 months). Twenty patients were treated at the first disease

recurrence, seven at the second, and two at the third. Twenty-four patients (83%)

were receiving anticonvulsants and 24 were receiving dexamethasone. All patients

had received previous radiation, and 25 of 29 had been treated with chemotherapy

previously. Of the 3 patients at dose level 1, none had dose-limiting toxicity (DLT).

Of the 6 patients at dose level 2, 1 patient had DLT: Grade 3 thrombocytopenia

resulting in a � 2-week delay in starting the next cycle of chemotherapy. Of the 6

patients at dose level 3, 1 patient had DLT: death due to pneumonia. There were

2 DLTs in the 7 patients at dose level 4: fever, neutropenia, and herpes zoster

infection in 1 patient and death due to pneumonia in another. Seven patients had

been started at dose level 5 when DLT was established at dose level 4: of the 5 fully

evaluable and 2 partially evaluable patients at dose level 5, there was no DLT.

CONCLUSIONS. The maximum tolerated dose of temozolomide and oral VP-16 in

this heavily treated group of patients with recurrent malignant glioma is temozo-

lomide 150 mg/m2 per day for 5 days and oral VP-16 50 mg/m2 per day for 12 days.

Cancer 2003;97:1963– 8. © 2003 American Cancer Society.

DOI 10.1002/cncr.11260

KEYWORDS: temozolomide, etoposide, recurrent malignant glioma, oral chemo-
therapy.

Despite remarkable advances in surgery, radiotherapy, chemother-
apy, and supportive care, the prognosis for patients with malig-

nant glioma remains grim. The median survival for patients with
glioblastoma multiforme has improved slightly over the past few
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decades, with a median survival of approximately 12
months.1 For patients with recurrent disease, the me-
dian survival period is only 6 months and only 10 –20%
of patients are disease progression free at 6 months
from disease recurrence.2 New approaches and new
agents are desperately needed.

Temozolomide represents one such new ap-
proach. This drug renders its cytotoxic effect by meth-
ylating guanine in DNA at the N-7 and O-6 positions.3

In animal models, temozolomide has been shown to
penetrate the central nervous system (CNS).4 This
CNS penetration is substantiated by a number of stud-
ies of adults with newly diagnosed and recurrent ma-
lignant gliomas who have had MRI-documented re-
sponses to temozolomide.5–11 Friedman et al.9

reported responses in 16 of 36 patients (44%) with
newly diagnosed high-grade gliomas and Yung et al.11

documented a 35% complete response plus partial
response rate in patients with recurrent anaplastic
astrocytoma and anaplastic oligodendroglioma. Un-
fortunately, the responses are generally short-lived
and the response rates in patients with recurrent gli-
oblastoma are particularly poor.12 Strategies being
studied to improve the efficacy of temozolomide in-
clude the exploration of alternative schedules, the in-
tegration of temozolomide with radiotherapy, and the
combination of temozolomide with other cytotoxic
drugs.

Etoposide (VP-16) is a topoisomerase 2 inhibitor
which, like temozolomide, penetrates the CNS and has
activity against malignant brain tumors. Its efficacy is
schedule dependent. Smaller doses over several days
are more effective than single larger doses,13 and
higher response rates have been reported with small
daily doses.14,15 Orally administered VP-16 is effective
against a variety of CNS tumors when administered as
a 3-week course at a dose of 50 mg/m2 per day.14,15

Fulton et al.16 used this schedule with oral VP-16 to
treat 42 patients with recurrent malignant glioma. In
that study, 8 responded and 11 had stable disease
(SD).

We hypothesize that there may be synergy when
temozolomide and VP-16 are used in combination.
Lillie et al.17 demonstrated a synergistic effect when
VP-16 was added to the alkylating agents cyclophos-
phamide or melphalan to treat athymic mice with
human rhabdomyosarcoma. Increased antitumor ac-
tivity was also seen when irinotecan, another topo-
isomerase inhibitor, was added to carmustine or cy-
clophosphamide to treat human tumor xenografts
derived from CNS malignancies.18

We conducted a clinical trial of combination ther-
apy with temozolomide and VP-16. Because the 2
agents have not been given together, the trial was

conducted as a Phase I study with a fixed dose of
temozolomide (150 mg/m2 per day once a day, Days
1–5) and a dose escalation of oral VP-16 (from 50
mg/m2 per day on Days 1–5 to 50 mg/m2 per day on
Days 1–20). This combination holds great appeal be-
cause 1) both agents have established efficacy against
high-grade tumors; 2) their mechanisms of cytotoxic-
ity are different; 3) each is well tolerated when used as
a single agent; and 4) both can be given orally, thus
increasing their appeal to patients and treating physi-
cians.

MATERIALS AND METHODS
Eligibility
Patients were eligible for the study if they were age
� 18 years and had recurrence or progression of gli-
oblastoma, gliosarcoma, anaplastic astrocytoma, ana-
plastic oligodendroglioma, or mixed anaplastic oli-
goastrocytoma. Disease recurrence was defined as an
increase in tumor size as documented on an MRI scan,
biopsy-prone recurrence, or the presence of tumor
cells in the cerebral spinal fluid (CSF). Patients were
also required to have a World Health Organization
(WHO) performance score of � 2 and a life expectancy
of � 12 weeks. Chemotherapy and/or radiotherapy
were allowed up to 4 weeks before enrollment. Pa-
tients were required to have an absolute neutrophil
count (ANC) � 1000 neutrophils per mm3, a platelet
count � 100,000 platelets per mm3, a hemoglobin
level � 10 g/dL, creatinine and bilirubin levels � 1.5
times the upper limit of normal (ULN), levels of as-
partate and alanine aminotransferase � three times
the ULN, and alkaline phosphatase � two times the
ULN. Patients were ineligible if they had other sys-
temic diseases, frequent vomiting which could inter-
fere with the ability to take oral medications, previous
or concurrent malignancies (except basal or squa-
mous cell carcinoma of the skin), or human immuno-
deficiency virus infection. Signed, written informed
consent in accordance with guidelines of the institu-
tional review board of each participating institution
was required.

Treatment
All patients received a fixed dose of temozolomide,
150 mg/m2 per day, once a day for 5 consecutive days
(Days 1–5). They were instructed to fast from 1 hour
before to 1 hour after taking the temozolomide. Pa-
tients also received VP-16, starting at 50 mg/m2 per
day orally, once a day for Days 1–5. The dose of VP-16
was escalated in cohorts of 3 to 6 patients by extend-
ing the number of days the dose of 50 mg/m2 per day
was given. Dose levels were escalated as follows: dose
level 1, 5 days of VP-16; dose level 2, 8 days; dose level
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3, 12 days; dose level 4, 16 days; and dose level 5, 20
days. Intrapatient dose escalation was not permitted.
Cycles were repeated every 28 days and a maximum of
12 cycles was given.

If none of the first three patients enrolled at a
given dose level developed dose-limiting toxicity
(DLT), subsequent patients were enrolled at the next
higher dose level. If DLT occurred in one of three
patients, three additional patients were enrolled at
that level. If one of six patients experienced DLT, the
dose was escalated. If two or more of six patients had
DLT at a given level, the maximum tolerated dose
(MTD) was exceeded. The MTD was defined as one
level below the level at which two or more of six
patients developed DLT. Patients not completely
evaluable for toxicity were replaced with additional
patients.

Toxicity
Toxicity was graded according to the National Cancer
Institute Common Toxicity Criteria version 2.0.19 He-
matologic DLT was defined as Grade 4 neutropenia
that lasted more than 7 days, Grade 4 anemia or
thrombocytopenia that required transfusion on two
occasions in 7 days, or as a delay of 14 days between
treatment cycles. Nonhematologic DLT was defined as
any chemotherapy-related Grade 3 or 4 nonhemato-
logic toxicity with the specific exclusion of Grade 3
hepatotoxicity that returned to Grade 1 before the
start of the next course of therapy.

Response
Although response was not an end point for the study,
patients were evaluated for response by MRI scan
every 8 weeks after even-numbered cycles.20 A com-
plete response was defined as the complete disappear-
ance of the lesion(s) on MRI scan. A partial response
(PR) was defined as a greater than 50% decrease in
tumor size. A minor response (MR) was defined as a
25–50% decrease in tumor size as measured by the
sum of the product of the maximum perpendicular
diameters of all measurable lesions and no new le-
sions. Patients whose responses ranged from a 25%
decrease to a 25% increase in tumor size were classi-
fied as having SD. Patients with a greater than 25%
increase in tumor size, new lesions, or SD coupled
with a neurologic deterioration were considered to
have progressive disease (PD) and were removed from
the study.

RESULTS
Twenty-nine patients were enrolled from four partic-
ipating institutions. Twenty-six patients were fully
evaluable for toxicity. Three were only partially evalu-

able: 1 patient at dose level 4 who inadvertently re-
ceived granulocyte– colony-stimulating factor (G-CSF)
and therefore could not be fully evaluated for severity
and duration of neutropenia; 1 patient who did not
have a complete blood count on Day 28 of her first and
only cycle of therapy; and 1 patient who developed a
skull osteomyelitits secondary to recent surgery and
was therefore removed from the study on Day 3. The
29 patients received a total of 92 cycles of chemother-
apy (median, 2 cycles; range, 1–12 cycles). Table 1
shows the demographic and clinical data for the 29
patients.

Dose Limiting Toxicity
A summary of patients and DLT is presented in Table
2. None of the 3 patients at dose level 1 had DLT. One
of 6 patients had DLT at dose level 2: Grade 3 throm-
bocytopenia that persisted for more than 14 days. At
dose level 3, one of 6 patients had DLT; the patient was
hospitalized for fever and neutropenia and died of
Pneumocystis carinii pneumonia. Two of 7 patients at

TABLE 1
Demographic and Clinical Data for the 29 Patients Enrolled in the
Study

Characteristic No. of patients (%)

Age (yrs)
Median (49)
Range (28–76)

Gender
Male 20 (69)
Female 9 (31)

WHO score
0 14 (48)
1 8 (28)
2 7 (24)

Diagnosis
Glioblastoma 19 (66)
Gliosarcoma 3 (10)
Anaplastic astrocytoma 5 (17)
Anaplastic oligoastrocytoma 2 (7)

No. of recurrences at enrollment
First 20 (69)
Second 7 (24)
Third 2 (7)

Previous therapy
Radiation 29 (100)
One chemotherapy regimen 18 (62)
Two chemotherapy regimens 7 (24)
Previous nitrosourea therapy 24 (83)

Time from diagnosis to study entry (mos)
Median (8)
Range (3–118)

Dexamethasone 24 (83)
Anticonvulsants 24 (83)

WHO: World Health Organization.
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dose level 4 suffered DLT: one of the patients had
fever, neutropenia, and pneumonia of unknown
cause, and died. The second patient was hospitalized
for fever, neutropenia, and herpes zoster infection.
Seven patients had already been enrolled on dose level
5 (5 were evaluable and 2 were partially evaluable),
when it was learned that one of the patients at dose
level 4 had inadvertently been given G-CSF for neu-
tropenia. Because this patient could not be fully eval-
uated for duration and complications of neutropenia,
he was replaced with a seventh patient at dose level 4.
This seventh patient had the fever, neutropenia, and
herpes zoster infection noted above. It is noteworthy
that none of the 5 fully evaluable patients at dose level
5 had DLT. However, because there were 2 patients
with DLT at dose level 4, the MTD was established at
dose level 3. A full description of study drug-related
toxicities and other toxicities is detailed in Table 3.

Responses to Therapy
Although response to therapy was not a formal out-
come of the study, patients with residual disease were
evaluated for response after every two cycles or if there
was a clinical deterioration. One patient had a PR,
another patient had an MR, 11 patients had SD, 11 had
PD, and 5 were not evaluable for response. The me-
dian duration of response was 4 months (range, 2–12
� months).

DISCUSSION
The primary purpose of this Phase I study of combi-
nation oral chemotherapy was to determine the MTD
of oral VP-16 when it was administered in combina-
tion with a fixed dose of temozolomide. We investi-
gated whether sufficient amounts of each agent could
be administered safely and achieve some degree of
efficacy. There are well documented responses to each

agent alone in patients with recurrent malignant gli-
oma,5– 8,16 and there are in vitro data that suggest the
possibility of synergy when an alkylator and topo-
isomerase inhibitor are used together.18 There are also
many benefits to finding a multiagent regimen that
can be totally orally administered.

We escalated the dose of VP-16 by the number of
days administered rather than by increasing the
amount given for each daily dose. The rationale for
this approach is based on data published by Rellig et
al.,21 which showed that cytotoxic levels of VP-16 in
the CSF were not achieved until patients received a
daily oral dose of 50 mg/m2. Therefore, a dose lower
than 50 mg/m2 per day over an extended period may
not have reached cytotoxic levels in the CNS. The
lower dose of temozolomide (150 mg/m2 for 5 days) is
likely to have some effectiveness even when given
alone. In some studies, patients are started on this
lower dose and only escalated to the higher dose of
200 mg/m2 per day for 5 days if they tolerate the lower
dose.11,12 In a few studies, patients who received pre-
vious therapy with nitrosoureas remained at the 150
mg/m2 per day dose and responses at this lower dose
have been reported. 22

Overall, this regimen was reasonably well toler-
ated. Most of the serious study drug-related toxicities
were hematologic or infectious. There were several
serious adverse events, most notably two patients who
died of pneumonia (one with P.carinii pneumonia,
one of unknown cause) and one patient who was

TABLE 2
DLT by Dose Level

Dose level VP-16 dose (mg/m2/d) Patients DLT

1 50 � 5 days 3 0
2 50 � 8 days 6 1
3a 50 � 12 days 6 1
4 50 � 16 days 7b 2
5 50 � 20 days 7c 0

DLT: dose-limiting toxicity; VP-16: etoposide.
a Maximum tolerated dose.
b One patient was partially evaluable because she received granulocyte— colony-stimulating factor for

neutropenia.
c Two patients were partially evaluable because of a failure to obtain a complete blood count on Day

28 (n � 1) and because of a wound infection on Day 3 that required the patient to be removed from the

study (n � 1).

TABLE 3
Study DLT and Other Toxicities

Characteristics

Study DLT Other toxicity

Grade 1 2 3 4 Grade 1 2 3 4

Neutropenia 1 1 4 2 0 0 0 0
Thrombocytopenia 5 1 4 0 0 0 0 0
Anemia 0 0 1 0 0 0 0 0
Infection 0 0 0 3 0 5 1 0
Thromboembolus 0 0 0 0 0 0 1 2
ALT 1 0 0 0 0 0 0 0
Nausea 3 0 0 0 0 0 0 0
Vomiting 1 1 1a 0 0 0 0 0
Constipation 0 1 0 0 0 0 0 0
Fatigue 3 0 0 0 3 1 1 0
Pain 0 0 0 0 0 0 1 0
Weight loss 1 0 0 0 0 0 0 0
Headache 1 0 0 0 5 0 0 0
Seizure 0 0 0 0 0 2 3 0
Other neurotoxicity 0 0 0 0 2 6 1 0

DLT: dose-limiting toxicity; ALT: alanine aminotransferase.
a Patient had Grade 3 emesis because oral VP-16 was not diluted. She tolerated all previous and

subsequent doses when the doses were properly diluted.
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hospitalized for fever, neutropenia, and herpes zoster
infection. Although the functional status of these pa-
tients had been good (WHO score of 0), all 3 had
received previous chemotherapy and all 3 were receiv-
ing dexamethasone. Most of our patients were receiv-
ing dexamethasone and were lymphopenic at the time
of enrollment on the study. The dexamathasone likely
heightened the risks of developing P. carinii pneumo-
nia and herpes zoster infection. A number of reports
have documented the increased frequency of P. carinii
pneumonia in patients with brain tumors.23,24 It is
likely that the combination of chemotherapy and
dexamethasone heightens the risk of these patients
developing opportunisitc infections. For the Phase II
portion of our study, we require all patients to receive
P. carinii pneumonia prophylaxis.

We enrolled 5 fully evaluable patients at dose level
5 (20 days of oral VP-16), 2 dose levels above the MTD
of temozolomide plus oral VP-16. These patients had
already been enrolled when we learned that a patient
at dose level 4 had been given G-CSF because of an
ANC of 218 per mm3 (the patient was well and afebrile
and had no other drug-related toxicity). We believed
that this patient was not fully evaluable because we
were unable to document the true nadir of the ANC,
the duration of the neutropenia, or any potential com-
plications of the neutropenia. Two other patients (1 at
dose level 3 and 1 at dose level 4) had been neutro-
penic and died of infections during their neutropenic
periods. We believed it was imperative to replace this
partially evaluable patient with a seventh patient at
dose level 4. This seventh patient subsequently devel-
oped DLT: fever, neutropenia, and herpes zoster in-
fection. We surpassed the MTD at dose level 4 and
established the MTD at dose level 3: temozolomide,
150 mg/m2 per day for 5 days (Days 1–5) plus VP-16,
50 mg/m2 per day for 12 days (Days 1–12).

It is noteworthy that none of the 5 fully evaluable
patients at dose level 5 developed DLT. This inconsis-
tency is quite possibly due to chance. There were
small numbers of patients enrolled at each dose level,
as is the case for most Phase I trials. Even though these
5 patients did quite well at the higher doses of VP-16,
the serious toxicity encountered at the lower dose
levels mandated establishing the MTD at dose level 3.
The MTD established in this study for patients with
recurrent malignant gliomas may differ from the MTD
for patients with other malignancies. Patients with
other malignancies who have been less heavily treated
and who are not receiving dexamethasone may toler-
ate higher cumulative doses of the oral VP-16.

To summarize, the MTD of oral VP-16 in conjunc-
tion with temozolomide at 150 mg/m2 per day for 5
days is 50 mg/mg2 per day for 12 days. We are cur-

rently conducting a Phase II trial of this combination
at this dose to assess efficacy and to further evaluate
toxicity in this group of patients.
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