European
Journal of
Cancer

PERGAMON European Journal of Cancer 39 (2003) 12711276

www.ejconline.com

Temozolomide in patients with advanced non-small cell lung cancer
with and without brain metastases: a phase II study of the EORTC
Lung Cancer Group (08965)

R. Dziadziuszko®*, A. Ardizzoni®, P.E. Postmus®, E.F. Smit¢, A. Priced, C. Debruyne®,
C. Legrand®, G. Giaccone® on behalf of the EORTC Lung Cancer Group

aDepartment of Oncology and Radiotherapy, Medical University of Gdansk, 7 Debinki St., 80-211 Gdansk, Poland
SIstituto Nazionale per la Ricerca sul Cancro, Genoa, Italy
¢Vrije Universiteit Medical Center, Amsterdam, The Netherlands
dUniversity of Edinburgh, Edinburgh, UK
¢European Organisation for Research and Treatment of Cancer Data Center, Brussels, Belgium

Received 31 January 2003; accepted 14 February 2003

Abstract

This study was performed to evaluate the activity of single-agent temozolomide in two groups of chemotherapy-naive non-small
cell lung cancer (NSCLC) patients, with (12 patients) and without (13 patients) brain metastases (BM). Patients in both groups were
treated with temozolomide 200 mg/m?/day, administered orally for 5 consecutive days of a 28-day cycle. Treatment was continued
for up to six cycles, disease progression or unacceptable toxicity. The median number of received cycles was only one in the group
with and two in the group without BM, and early disease progression was the main reason for treatment discontinuation. Toxicity
was moderate—in the group of patients with BM, the most frequently observed grade 3 or 4 side-effects included thrombocytopenia
(17%), granulocytopenia (17%), lethargy (17%); other neurological (17%) and other genitourinary toxicity (17%). Patients without
BM experienced anaemia (15%), thrombocytopenia (23%), nausea (15%) and lethargy (15%). This trial was designed according to
Simon one-sample two-stage testing procedure and both groups of patients were assessed separately. No objective response was
observed in either group and the study was closed after the first step of accrual with the conclusion of a lack of therapeutic activity
of single-agent temozolomide in patients with stage IV NSCLC.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Lung cancer remains the leading cause of cancer
death in the European Union [1]. Non-small cell lung
cancer (NSCLC) accounts for approximately 75-80%
of all lung tumours. High rate of distant failures in both
operable and advanced NSCLC mandates a continuous
search for effective systemic treatment. Brain metastases
(BM) occur in approximately 20-30% of NSCLC
patients during the course of their disease. Prognosis in
these patients is particularly grim, with a median survi-
val of approximately 3-4 months after whole-brain
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radiation therapy (WBRT) [2,3]. More aggressive treat-
ment of BM with surgery or stereotactic radiotherapy is
possible only in a small subset of patients [4]. The role
of systemic treatment in patients with BM remains con-
troversial for various reasons. Typically, patients with
BM often present neurological symptoms that add to
the existing co-morbidities and thus are excluded from
many clinical trials addressing the role of chemotherapy
in disseminated NSCLC. The penetration of chemo-
therapeutic agents in the brain is limited by the blood-
brain barrier, although this may already be disrupted by
the presence of BM and/or treatment with WBRT [5,6].

Temozolomide is a novel imidazole tetrazinone, orally
bio-available, groove-directed DNA methylating agent
with significant activity in malignant melanoma as well
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as in low and high-grade central nervous system (CNS)
gliomas. Both temozolomide and dacarbazine (DTIC)
are pro-drugs of the active metabolite—monomethyl
triazenoimidazole carboxamide (MTIC) [7,8]. Unlike
DTIC, temozolomide has been demonstrated to cross
the blood—brain barrier [9,10]. In a phase I clinical trial
conducted by the Cancer Research Campaign (CRC),
the first 51 patients were treated with temozolomide
administered either orally or intravenously using a sin-
gle-dose schedule [11]. In the subsequent 133 patients,
temozolomide was given orally for 5 consecutive days in
a 28-day cycle. Dose-limiting toxicity (DLT) was mye-
losuppression and the maximum tolerated dose (MTD)
was set at 1000 mg/m?2. Based on the activity demon-
strated in this trial, phase II studies were subsequently
conducted by the CRC in high-grade glioma [12],
advanced malignant melanoma [13] and low-grade lym-
phoma [14]. In a phase I pharmacokinetic study of
temozolomide and cisplatin in patients with advanced
solid tumours, this combination showed some activity in
NSCLC patients [15]. The distribution of temozolomide
in the brain renders this drug an attractive agent against
secondary brain malignancies.

A number of schedules of temozolomide administra-
tion have been developed in phase I trials [16-18]. The
most frequent and approved for the treatment of high-
grade gliomas is a schedule of daily treatment for 5
consecutive days with a daily dose of 200 mg/m? (150
mg/m? for patients previously exposed to chemo-
therapy), repeated every 28 days. With this schedule,
grade 4 thrombocytopenia and grade 3/4 neutropenia
occurred in 10% and less than 5% of patients, respec-
tively. Other toxic effects, e.g. nausea, were mild and
easily manageable by standard supportive therapy. The
second most frequently used schedule of temozolomide
administration has been a continuous treatment for 6-7
weeks with the recommended dose of 75 mg/m? daily.
With this schedule, the most prominent side-effect was
myelosupression and other toxicities were negligible [18].

On the basis of the above data, a phase II study was
designed to assess the activity of temozolomide in
chemotherapy-naive, stage IV NSCLC patients, with
and without BM. The study was conducted in four
institutions of the European Organization for Research
and Treatment of Cancer (EORTC) Lung Cancer
Group.

2. Patients and methods
2.1. Study subjects

Patients with histologically- or cytologically-confirmed
NSCLC stage 1V, with no prior chemotherapy for dis-

seminated disease were enrolled into two separate study
groups. Patients had to have at least one bidimensionally

measurable lesion and for patients with BM, at least one
measurable brain lesion was required. The minimum
size of a target lesion was 2.5 cm in the largest diameter
outside the brain and 2.0 cm in the brain. In patients
without BM, prior palliative radiotherapy was allowed
if given at least 4 weeks prior to registration and pro-
vided that there was at least one measurable lesion out-
side of the radiotherapy portals. Patients with brain
lesions had to be either asymptomatic or had completed
WBRT at least 4 weeks before study entry. Patients
were required to be aged between 18 and 70 years old,
to have a World Health Organization (WHO) perfor-
mance status of 0-2 and adequate haematological,
hepatic and renal function. No previous malignancies
were allowed except for adequately treated in situ carci-
noma of the cervix or squamous carcinoma of the skin.
The trial was approved by the EORTC Protocol Review
Committee and Local Ethical Committees of all parti-
cipating institutions; informed consent had to be
obtained before patient registration in the study. In the
course of the trial, we discovered that the written
informed consent could not be retrieved for 13 included
patients (50%). However, all these patients were
checked using other source data, and for all these
patients, the responsible investigator stated that he/she
fully informed the patient orally on all aspects of the
trial and certified that each patient agreed to participate
in the trial.

2.2. Study design

The primary objective of this non-randomised, multi-
centre phase II trial was to assess the therapeutic activ-
ity of temozolomide in metastatic NSCLC patients, with
and without BM.

Temozolomide was administered orally at the dose of
200 mg/m? daily for 5 consecutive days of a 28-day
cycle, under fasting conditions. Blood counts were
assessed weekly during therapy; liver, renal function
tests and electrolytes were monitored before each cycle.
Temozolomide dose reduction was foreseen on two
levels—from 200 to 150 and from 150 to 100 mg/m?
upon the occurrence of grade 3/4 haematological toxi-
city or grade 3/4 non-haematological toxicity other than
alopecia, nausea/vomiting and elevation of alkaline
phosphatase or transaminases. The latter required a
dose reduction in cases of grade 2 or more. No dose
escalation was allowed. Treatment was continued until
disease progression, unacceptable toxicity, patient refu-
sal or for a maximum of six cycles. In the group of
patients with BM, continuation of protocol treatment
was allowed in cases of disease progression in only one
site (brain or target lesions outside brain) and evidence
of response in the other sites (mixed responses).

Evaluation of response was performed according to
the WHO criteria [19]. Target lesions were assessed by
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clinical examination, computed tomography (CT),
gadolinium-enhanced magnetic resonance imaging
(Gd-MRI), chest X-ray or ultrasound. The initial
examinations had to be performed within 14 days prior
to registration. Evaluation of target lesions was per-
formed every 8 weeks and response had to be confirmed
by a second evaluation performed at least 4 weeks
apart.

For toxicity assessment, we used Common Toxicity
Criteria (CTC) of the National Cancer Institute (NCI)
extended by the National Cancer Institute of Canada
(NCIC) [20]. Quality of life or lung cancer symptom
assessment was not performed in this trial.

The study was planned as two distinct phase 11 trials,
one for the group of patients with brain metastases and
one for the group of patients without brain metastases.
In each group, the trial was designed according to the
Simon one-sample two-stage testing procedure [21].
Type I error of 10% and type II error of 10% were
accepted to test that the response rate was between 10
and 30%. Under these assumptions, the planned total
number of eligible patients in each group was 35. The
first step of the analysis was performed to check for the
lack of drug activity (less than two responses in the first
12 eligible patients in either group). Each group of
patients (with and without BM) was evaluated sepa-
rately. Ineligible patients were excluded from all the
analyses.

3. Results

Between September 1997 and March 2001, 12 patients
with BM and 14 patients without BM were registered in
this study. According to the protocol, the study was
temporarily closed for accrual in order to perform the
first step analysis. After the response data of all the eli-
gible patients became available, the study was defini-
tively closed in both groups of patients based on the
results of this analysis.

Of 26 patients registered in this trial, all except 1
patient without BM were eligible. The lack of lesions
suitable as a target for the response evaluation was the
reason for the ineligibility of this patient (the lesions
were too small and no thoracic CT scan was available).
In addition, one protocol violation was noted in the
group with BM (low creatinine clearance) and three
others were identified in the group of patients without
BM (low creatinine clearance; small target lesion which,
however, could clearly be assessed for response, and
missing baseline bilirubin and brain CT scan).

When considering the 25 eligible patients registered in
this study, adenocarcinoma was the most frequent his-
tology (Table 1). 4 patients with a performance status of
2 were enrolled in the group of patients with BM (33%)
whereas in the group of patients without BM, only 1

Table 1
Baseline characteristics in 25 eligible patients

Characteristic Patients with Patients without

BM (n=12) BM (n=13)
N (%) N (%)
Age median (range), years 57 (42-69) 53 (46-68)
Gender
Male 6 (50) 9 (69)
Male 6 (50) 4 (31)
Performance status
0 2(17) 5(38)
1 6 (50) 7 (54)
2 4 (33) 1(8)
Histological subtype
Squamous cell 3 (25) 0 (0)
Adenocarcinoma 7 (58) 8 (62)
Large cell 1(8) 4 (31)
NSCLC (undetermined) 1 (8) 1 (8)
Baseline leucocyte count
Median (range), 10%/1 10 (8.3-40) 9.8 (6.1-25.9)

Baseline haemoglobin
Median (range), g/l

Baseline platelet count
Median (range), 10%/1

134 (98.2-150) 131 (79.4-153)

306 (184-509) 338 (234-999)

BM, brain metastases; NSCLC, non-small cell lung cancer.

patient with a performance status of 2 was registered
(8%). In the group with BM, 9 eligible patients (75%)
received at least one prior treatment for NSCLC
(mainly surgery and/or radiotherapy, induction chemo-
therapy was given to 1 patient and palliative brain
radiotherapy to 4 patients). In the group without BM, 5
patients (38%) received at least one prior treatment
(surgery and/or radiotherapy).

In the group of patients with BM, 26 cycles of temo-
zolomide were given to the 12 eligible patients, with a
median of only one cycle per patient (range 1-6). In the
group of patients without BM, a total of 26 cycles of
treatment were given to the 13 eligible patients, with a
median of two cycles per patient (range 1-4). A sig-
nificant proportion of patients received only one cycle
of treatment—7 in the group with BM (58%) and 5 in
the group without BM (38%). Only 1 patient completed
six cycles of treatment as planned by the protocol in the
group with BM (8%). The reasons for treatment dis-
continuation are presented in Table 2.

Table 2
Reasons of treatment discontinuation

Main reason Patients with Patients without

BM (n=12) BM (n=13)

N (%) N (%)
Progressive disease 8 (67) 11 (85)
Toxicity 2 (17) 1(8)
Refusal 1(8) 0 (0)
Completion of protocol therapy 1(8) 0 (0)
Intercurrent death 0 (0) 1(8)
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Toxicity was moderate and mostly haematological
(Table 3). Median granulocyte nadir counts for all
cycles were 6.8 and 4.7x10°/1 for patients with and
without BM, respectively (range 0.1-16.2 and
0-27.2x10°/1). For nadir platelet counts, the respective
median values were 136 and 242x10°%/1 (range 21-430
and 5-429x10°/1, respectively). In the group with BM, 2
patients discontinued their treatment with temozolo-
mide due to toxicity. In 1 patient, grade 2 anaemia was
reported as the reason for treatment discontinuation.
In another patient, grade 4 neurological toxicity (con-
fusion and seizures) occurred and was scored as possi-
bly related to temozolomide. This event was also
considered as possibly linked to early disease progres-
sion. In the group without BM, 1 patient went off
treatment due to prolonged febrile neutropenia after 3
cycles.

At the time of this analysis, all eligible patients in
both groups progressed and all except one in the group
with BM have died. One death occurred as a result of
gastrointestinal bleeding that occurred 19 days after the
last administration of the third cycle of temozolomide.
Platelet count 1 day before the death of the patient was
72x10°/1. This event was recorded as early death due to
other causes, although toxic death due to thrombocyto-
penia could not be excluded. The remaining patients
died due to progression of disease.

In the group with BM, 1 patient was not assessable for
response— after receiving one cycle of chemotherapy he

Table 3

Major toxicities (grades 3 and 4 according to Common Toxicity Cri-
teria extended by National Cancer Institute of Canada, NCIC CTC)
in 25 eligible patients

Toxicity Patients with BM Patients without BM
n=12) (n=13)
3 4 (%3/4) 3 4 (% 3/4)
Haemoglobin 1 0 ®) 1 1 (15)
Leucocytes 0 1 ®) 0 1 8)
Platelets 1 1 (17) 1 2 (23)
Granulocytes 1 1 (17) 0 1 8)
Febrile neutropenia 0 0 (0) 1 0 ®)
Infection 1 0 8) 0 0 (0)
Nausea 0 0 (0) 2 0 (15)
Vomiting 1 0 ®) 1 0 8)
Diarrhoea 0 0 (0) 1 0 )
Constipation 1 0 ®) 0 1 8)
Lethargy 2 0 17) 2 0 (15)
Headache 1 0 ®) 0 0 (0)
Other neurological 1 1 17) 0 0 (0)
Pain/cramping 0 0 (0) 1 0 (8)
Cancer pain 1 0 ®) 0 0 (0)
Other genitourinary 2 0 17 0 0 (0)
Other cardiovascular 0 0 (0) 1 0 )
Haemorrhage 0 0 (0) 0 1 (8)
Other toxicities® 0 0 (0) 1 1 (15)

G, grade.
2 Weight loss G3/Prothrombin G4.

stopped treatment due to confusion and seizures. In this
group, 3 patients were considered to have stable disease
(25%), 4 progression (33%) and 4 died early due to
malignancy (33%). In the group without BM, all 13
patients were assessable for response. Stable disease was
noted in 3 patients (23%), progressive disease in 7
patients (54%), and early death due to malignant dis-
ease in the remaining 3 patients (23%). In both groups
of patients, no objective responses were observed.

4. Discussion

The response rates of single-agent or combination
chemotherapy in disseminated NSCLC remain unsa-
tisfactory and rarely exceed 20%. The bad prognosis of
stage IV NSCLC patients, particularly those with BM,
and the promising activity of temozolomide in pre-
clinical studies provided a rationale for testing this
agent in a phase II trial. According to our knowledge,
this is the first phase II study of temozolomide in pre-
viously untreated stage IV NSCLC.

Unfortunately, we were not able to demonstrate any
therapeutic activity of single-agent temozolomide
against NSCLC in stage IV patients, with and without
BM. The poor treatment results in the group of patients
without BM might, in part, be influenced by selection
bias. It is likely that investigators might have been
reluctant to offer study treatment to patients who were
candidates for more aggressive chemotherapy regimens.
At present, two-drug platinum-based combinations are
considered as the ‘standard of care’ in most of the
NSCLC population who have a good performance sta-
tus, no severe weight loss and no major co-morbidities.
These regimens have been found to produce BM
regressions in up to 50% of patients [22]. In addition,
most BM patients require immediate brain irradiation
for symptom palliation or to delay the occurence of
severe neurological deficits.

A negative conclusion regarding the therapeutic
activity of temozolomide in the group of patients with
BM in our study should be viewed in the context of
three phase II trials performed in patients with meta-
static disease to the brain [23-25]. In the first two of
these studies, heavily pretreated patients with a variety
of primary tumours were included, with NSCLC as the
most frequent tumour type. In the study reported by
Abrey and colleagues, 41 patients with BM were eval-
uated including 22 with NSCLC; two partial responses
were observed in this study in the NSCLC patients.
Another 8 patients in this group were evaluated as hav-
ing stable disease [23]. In a study by the Hellenic Coop-
erative Oncology Group, there were 12 NSCLC patients
out of a total of 28 patients and the only response, both
at primary tumour and in the brain, was noted in this
malignancy [24]. As in our study, most of the patients in
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the latter study did not complete the planned treatment
and died within 2 months after commencement of ther-
apy. A recently reported phase II study compared the
response rate of concurrent oral temozolomide (75 mg/
m? daily) and 40 Gy conventionally fractionated whole
brain radiotherapy to radiotherapy alone in patients
with BM from solid tumours [25]. NSCLC was the
diagnosis in two-thirds of these patients, and most of
them did not have any extracranial disease. No infor-
mation on previous treatment for the primary site and
no data on extracranial responses were provided in the
report. Patients receiving chemo-radiotherapy were also
treated with an additional six cycles of oral temozolo-
mide 200 mg/m? for 5 days every 28 days. In this study,
a significantly superior objective response rate in the
brain (96% versus 67%) and a marked difference in
neurological function and the proportion of patients
requiring corticosteroids in favour of concomitant
treatment were described. No difference in survival was
noted, although this was not anticipated with the trial
design. This relatively small study supports the hypo-
thesis of useful interaction between temozolomide and
radiotherapy in patients with metastatic brain disease.
However, in view of the negative results of our study
and others [23,24], oral temozolomide should not be
accepted as a systemic treatment for NSCLC where
there are active first- and second-line therapies.

Early disecase progression as the main reason for
treatment discontinuation may be considered to be a
result of ineffective treatment of NSCLC patients with a
particularly bad prognosis. It is possible that a negative
selection of patients in our trial might have influenced
this high rate of early treatment failure. However, the
baseline characteristic of our patients do not sub-
stantially differ from the expected population of stage
IV NSCLC patients, with or without BM. Most of our
patients had relatively good performance status, as well
as adequate haematological, renal and liver function.

Similar to the results of another recently completed
phase II EORTC Lung Cancer Group trial of single-
agent temozolomide given with the same schedule in
previously untreated patients with malignant pleural
mesothelioma [26], haematological toxicity was mild
and dose reductions relatively infrequent. Nausea and
vomiting was the most frequent drug-related non-hae-
matological toxicity, and grade 3/4 lethargy was
observed in 2 patients with and 2 patients without BM.

In conclusion, we could not demonstrate any thera-
peutic activity of single-agent temozolomide in chemo-
therapy-naive stage IV NSCLC patients, both with and
without BM. We do not recommend further testing of
this drug as a single-agent in advanced NSCLC
patients. Platinum-based chemotherapy remains the
‘standard of care’ for patients with advanced NSCLC,
including those with BM, along with brain radiotherapy
for patients with neurological symptoms.
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