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Temozolomide: A New Oral Cytotoxic
Chemotherapeutic Agent with Promising Activity
Against Primary Brain Tumours

S.M. O’Reilly, E.S. Newlands, M.G. Glaser, M. Brampton,
J.M. Rice-Edwards, R.D. Illingworth, P.G. Richards, C. Kennard,
L.R. Colquhoun, P. Lewis and M.F.G. Stevens

Temozolomide, a new oral cytotoxic agent, has been given to 28 patients with primary brain tumours. Treatment
was given at a dose of 150 mg/m?/day for 5 days (i.e. total dose 750 mg/m?) escalating, if no significant
myelosuppression was noted on day 22, to 200 mg/m?/day for 5 days (i.e. total dose 1000 mg/m?) for subsequent
courses at 4 week intervals. A major improvement in computer tomography (CT) scan was noted in 5/10 patients
with astrocytomas recurrent after radiotherapy, with a major clinical improvement but minor improvement on CT
scan in one further patient. Reduction in the size of the CT lesion was also observed in 4/7 patients with newly
diagnosed high grade astrocytomas given 2-3 courses of temozolomide prior to irradiation. 1 patient with recurrent
medulloblastoma had a clinical response in bone metastases. Temozolomide was well tolerated with little
subjective toxicity and usually predictable myelosuppression and is a promising new drug in the treatment of

primary brain tumours.
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INTRODUCTION
THE PROGNOSIS for patients with high grade (i.e. grade 3 or 4)
astrocytomas is poor. Prospective randomised studies have
confirmed the beneficial effect of adjuvant cranial irradiation but
in most series less than 15% of the patients survive for more than
2 years [1, 2]. Because of this dismal prognosis, the role of
chemotherapy in the treatment of these patients has been
extensively investigated. Studies performed on patients with
postradiation recurrence indicate that the nitrosoureas are the
most active drugs, with reported response rates to BCNU,
CCNU methylCCNU and HECNU of 35-55%, although these
responses are usually of short duration [2-4]. However, the
definition of response to treatment has varied widely between
studies because of the difficulty in interpreting computer tom-
ography (CT) scan changes, so apparent differences between the
results of different studies must be interpreted with caution {35,
6]. Reviews of the combined results of randomised studies
comparing adjuvant, single agent nitrosoureas after radiotherapy
with radiotherapy alone suggest a statistically significant but
minor prolongation of survival [2, 7]. There is no convincing
evidence that combination chemotherapy produces a superior
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outcome, and novel approaches such as regional chemotherapy
or the use of radiosensitisers have not been shown significantly
to improve prognosis [2, 6].

Temozolomide is an imidazotetrazine derivative which has
activity against a wide range of experimental tumours and which
showed marked schedule dependency in the pre-clinical screen
[8]. Phase I testing has confirmed that the drug has excellent oral
bioavailability and, using a 5-day schedule repeated every 4
weeks, clinical activity was detected in patients with malignant
melanoma, mycosis fungoides and also in 2 patients with high
grade astrocytomas which had recurred after radiotherapy [9].

PATIENTS AND METHODS

28 patients (including the 2 patients reported in the phase I
study) have been treated and their characteristics and response
to treatment are summarised in Table 1. Patients can be divided
into three groups: 13 patients with astrocytomas which had
recurred after radical radiotherapy who had not received prior
chemotherapy; 11 patients with newly diagnosed astrocytomas
which had not yet been irradiated; 4 patients with other primary
brain tumours. 18 of the 24 patients with astrocytomas (75%)
had high grade tumours. The remaining patients had a clinical
history compatible with high grade astrocytoma although the
original histology was either low grade (3 patients) or not
reviewed (3 patients).

Treatment was initially given at a dose of 1000 mg/m? divided
over 5 days (i.e. 200 mg/m? orally daily for 5 consecutive days)
repeated every 4 weeks. However, following the death from
intracerebral haemorrhage while severely thrombocytopenic of
a patient with a pineoblastoma who had been pretreated with
combination chemotherapy and radiotherapy, the first course of
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Table 1. Patients’ characteristics and response o treatment
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Histology No. of

(grade)

courses

Clinical symptoms before
treatment (MRC grade*)

Gliomas recurrent after surgery and radiotherapy

Clinical response
(MRC grade*)

CT response

Duration
of response (months)

4 7 Dysphagia, confusion (2) Complete recovery (0) Major improvement 6
4 5 Dysphasia, confusion (3) Complete recovery (0) Major improvement 3
4 4 Dysphasia, ataxia (3) Improvement (1) Slight improvement 2
4 3 Dysphasia (3) Progression (3) Progression —
2 2 Dysphasia, hemiparesis (3) Improvement (2) Not assessible Died (PE)
4 7 Dysphasia, confusion (3) Major improvement (1) Major improvement 6
4 6 Dysphasia, hemiparesis (3) Major improvement (1) Major improvement 6
2 8 Dysphasia, immobility (3) Major improvement (1) Not assessable —
1 1 Dysphasia, ataxia (3) Progression (3) Progression —
3 6 Dysphasia, confusion (2) Improvement (1) No change 6+
NAYT 6 Dysphasia, hemiparesis (2) Improvement (1) Slight improvement 6+
NAt 4 Dysphasia (2) Complete recovery (0) Major improvement 3+

6 Dysphasia (2) Not assessible Not assessable —
Newly diagnosed gliomas
Histology (grade) No. of Clinical symptoms before Clinical response CT response

courses treatment (MRC grade™*) (MRC grade*)
4 2 None (0) — Not assessable
4 3 Dysphasia, ataxia (2) Progression (3) Progression
4 2 Dysphasia (1) No change (1) Progression
4 2 Dysphasia, ataxia (3) Progression (3) Progression
4 2 Hemianopia (0) No change (0) No change
NA 2 Dysphasia, hemiparesis (3) Improvement (2) Slight improvement
3 2 Dysphasia, hemiparesis (3) Major improvement (1) Major improvement
4 2 Dysphasia (3) Complete recovery (0) Major improvement
4 2 None (0) — Not assessable
4 2 None (0) — Slight improvement
4 2 Dysphasia, hemiparesis (3) No change No change
Other primary brain tumours
Histology No. of Clinical symptoms before Clinical response (MRC Response
courses treatment (MRC grade*) grade™)

Medulloblastoma 6 Bone pain Complete recovery Improved bone scan
Pineoblastoma 1 None Not assessable Toxic death
Medulloblastoma 1 Headache, lethargy (2) Progression (3) Progression
Ependymoma 1 Dysphagia No change No change

*MRC scale of neurological status: 0 = no neurological deficit; 1 = function adequate for useful work; 2 = moderate functional impairment; 3 =
major functional impairment; 4 = no useful functon.

1Not assessed.

temozolomide is routinely given at a dose of 750 mg/m? divided
equally over 5 days (i.e. 150 mg/m?/day). If no significant
myelosuppression was noted on day 22, treatment was escalated
to 1000 mg/m? on subsequent courses. Treatment was continued
until relapse in the majority of patients with post-radiotherapy
recurrence. Patients with newly diagnosed astrocytomas
received 2-3 courses of temozolomide prior to commencing
radical radiotherapy. Clinical response to treatment was meas-
ured by assessing the change in the MRC scale of neurological
status [6]. CT brain scans were repeated routinely after two
courses and S5-6 courses of treatment, and at any sign of
progressive disease. In patients with newly diagnosed astrocy-
tomas, response 1o chemotherapy was assessed by repeating
CT scan and neurological examination after two courses of
temozolomide, prior to the start of radiotherapy. Given the
composite nature of the abnormal image in CT scan of a high

grade astrocytoma (a mixture of tumour, necrosis, tumour
vasculature and oedema) we do not believe standard response
criteria (partial or complete response [5]) are appropriate. We
have interpreted the combination of clinical improvement on the
MRC neurological scale together with a major reduction in
tumour mass effect (i.e. enhancing lesion + surrounding oedema
+ midline shift, if present) as a major improvement. Clinical
improvement together with a smaller but clearly identifiable
reduction in tumour mass effect is referred to as a slight
improvement (Table 1).

RESULTS
10 of the 13 patients who received temozolomide for postradio-
therapy relapse are assessable for response to treatment (Table
1). 5 patients had a major improvement in CT scan findings
(Fig. 1) and, in all cases, this improvement was accompanied by
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Fig. 1. Pretreatment CT scan (a) and CT scan after six courses of temozolomide (b) of a patient with a grade 4 glioma which had recurred
after radiotherapy. The marked improvement in CT scan was accompanied by complete resolution of symptoms.

complete or near complete resolution of clinical signs and
symptoms (response duration 3, 3+, 6, 6 and 6+ months).
There were a further 3 patients who had a slight reduction or no
change in mass effect on CT scan. Of these patients 1 had a
clinical improvement of two grades on the MRC scale and the
other 2 patients had an improvement of one grade on the MRC
scale. In all cases, responses were maintained in the presence of
a stable or reducing dose of steroids. 2 patients had progressive
disease when assessed after two courses of treatment. Response
to temozolomide could not be assessed in 3 patients: 1 patient
had no baseline CT scan repeated between surgery and starting
temozolomide but remains alive 8 months after starting treat-
ment; | patient died following a pulmonary embolus after two
courses of treatment with evidence of clinical response; 1 patient
completed radiotherapy 1 month before starting temozolomide
and, although he had a major clinical improvement with a slight
improvement on CT scan remained for 10+ months, the relative
contributions of radiotherapy and chemotherapy could not be
separated.

11 patients have received two or three courses of temozolomide
prior to starting cranial irradiation for newly diagnosed high
grade astrocytoma (Table 1). 2 patients had a major improvement
in CT scan after two courses of temozolomide accompanied by
marked clinical improvement. As in the case of patients with
relapsed astrocytoma, these improvements were maintained in
the presence of a decreasing dose of steroids. 2 further patients
have had a slight reduction in tumour size and 2 patients had no
change in clinical or CT findings. 3 patients had evidence of
tumour progression and 2 patients were not assessable for
response.

4 patents with other primary brain tumours have received
temozolomide (Table 1). 1 patient with medulloblastoma which
had recurred following radiotherapy and chemotherapy experi-
enced complete resolution of bone pain from metastatic disease
and an improvement in isotope bone scan which was maintained
for 6 months.

Treatment was generally well tolerated. At a dose of 1000
mg/m? significant (> WHO grade 2) leukopenia was noted
during 3/57 (5%) courses and significant (> WHO grade 2)
thrombocytopenia was observed in 4/57 (7%) of courses. No
significant leukopenia or thrombocytopenia was observed fol-
lowing treatment at 750 mg/m?2. All patients had prophylactic
oral ondansetron during treatment and no significant (>WHO
grade 1) gastrointestinal toxicity was noted. Clinical deterio-
ration was observed in 2 patients with very large tumours
(tumour + oedema occupying > 50% of one cerebral hemisphere
with marked midline shift) towards the end of the first 5 day

treatment at a dose level of 1000 mg/m? and our approach to the
management of this problem will be reported elsewhere. No
other significant toxicities have been noted.

DISCUSSION

This extended phase I study demonstrates that temozolomide
is an active agent in the treatment of primary brain tumours.
Major clinical improvement was noted in 6/10 evaluable patients
with high grade astrocytomas which had relapsed after radio-
therapy, and this was accompanied by a marked improvement
in CT scans in 5/10 patients. Improvement in CT scan findings
tended to lag behind clinical improvement, which was often
noticeable after the first course of treatment. Reduction in the
size of tumour on CT scan was also noted in 4/7 patients
with unirradiated astrocytomas and one patient with recurrent
medulloblastoma had a symptomatic response in bone meta-
stases. Further randomised studies are needed to assess whether
these responses are translated into improved survival. However,
the combination of a high response rate with ease of adminis-
tration makes this an exciting new drug in the treatment of
tumours for which, at present, we have little effective therapy.
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