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CLINICAL-PATIENT STUDIES

A phase II trial of vinorelbine and intensive temozolomide
for patients with recurrent or progressive brain metastases

Fabio M. Iwamoto - Antonio M. Omuro - Jeffrey J. Raizer - Craig P. Nolan -
Adilia Hormigo - Andrew B. Lassman - Igor T. Gavrilovic - Lauren E. Abrey

Received: 30 July 2007/ Accepted: 25 October 2007/ Published online: 7 November 2007

© Springer Science+Business Media, LLC. 2007

Abstract Purpose To investigate the efficacy and safety of
the combination of vinorelbine and intensive temozolomide
for recurrent or progressive brain metastases from solid
tumors. Methods Patients >18 years of age and with Kar-
nofsky performance scale (KPS) > 60, adequate organ
function and progressive or recurrent brain metastases were
eligible. This was a phase II trial with 28-day cycles using
temozolomide (150 mg/m?, days 1-7 and 15-21) and vino-
relbine 25 or 30 mg/m” on days one and eight. The primary
endpoint was objective radiographic response. Results Thirty-
eight patients (15 men, 23 women) with a median age of
57 years (range, 39-75) and median KPS of 80 were enrolled.
The primary tumor sites were lung (n = 20), breast (n = 11),
colorectal (n = 2), kidney (n = 2), bladder (n = 1), endo-
metrium (n = 1), head and neck (n = 1). Prior therapies
included chemotherapy (97%), whole-brain radiation therapy
(79%), brain metastasis resection (53%) and stereotatic radi-
osurgery (47%). Objective radiographic response rate was
5% (one complete response and one minor response); five
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patients had stable disease, 29 progressive disease and two
patients were not evaluable. Twenty-nine patients (76%) have
died and the median follow-up of survivors was six months.
Median progression-free and overall survivals were 1.9 and
5 months, respectively. Grade 3/4 toxicities were mainly
hematological and two patients discontinued the study due to
myelosuppression. Conclusions In this heavily pretreated
population of patients with brain metastases, adding vinorel-
bine and increasing the intensity of temozolomide do not
improve response rates compared to previous studies with
single-agent temozolomide at standard doses.

Keywords Brain metastasis - Temozolomide -
Vinorelbine - Lung cancer - Breast cancer

Introduction

Brain metastases are a common complication of patients
with cancer, occurring in approximately 25% of patients
with disseminated disease. The incidence of brain metas-
tases may be increasing as therapies for systemic cancer
improve and patients survive longer. Brain metastases have
a major impact on quality of life and median survival
remains as low as 3-6 months [1]. Surgical resection [2]
and stereotactic radiosurgery [3] can benefit a selected
group of patients but palliative whole brain radiotherapy
(WBRT) remains the standard option for most patients with
brain metastases. Patients with recurrent or progressive
brain metastases after standard therapies have limited
treatment options.

Temozolomide is a well-tolerated oral alkylating agent
with excellent central nervous system (CNS) penetration
that has demonstrated clinical activity in glioblastoma
multiforme [4], recurrent anaplastic gliomas [5], metastatic
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melanoma [6] and preclinical activity in a variety of solid
tumors [7]. Temozolomide is typically administered for
five consecutive days every 28 days at a dose of 150-
200 mg/m?/d. However, clinical trials utilizing conven-
tional doses of temozolomide have demonstrated only
modest efficacy in patients with recurrent or progressive
brain metastases [8, 9]. Alternate treatment regimens have
been used in an attempt to improve outcome by decreasing
the time between dosing intervals and thereby decreasing
the regrowth of resistant tumor cells between cycles of
chemotherapy [10]. A 1-week on 1-week off schedule of
temozolomide at 150 mg/m?/d is feasible and permits a
2.1-fold greater drug exposure than the conventional
schedule of 5 days every 28 days [11].

Vinorelbine is a semi-synthetic vinca alkaloid that is
active in many tumour types, including breast cancer and
non-small cell lung cancer (NSCLC), which account for
most cases of brain metastases. Vinorelbine has a favorable
safety profile and is a lipophilic agent that potentially
crosses the blood-brain barrier [12].

We have previously reported the results of a phase I,
dose-finding study demonstrating that temozolomide at
150 mg/m*d on days 1-7 and 15-21 can be safely com-
bined with vinorelbine on days 1 and 8 of 28-day cycles
[13]. The goal of this phase II study was to further inves-
tigate the safety and efficacy of this regimen in patients
with recurrent brain metastases.

Patients and methods
Patient eligibility

Adult patients (>18 years of age) with histopathologic
confirmation of the diagnosis of a solid tumor and recurrent
or refractory brain metastases, with at least one measurable
lesion on brain magnetic resonance imaging (MRI), were
eligible. Patients were recruited from the Department of
Neurology at Memorial Sloan-Kettering Cancer Center
(MSKCC) from February 2003 to March 2007. Additional
eligibility criteria included Karnofsky performance scale
(KPS) > 60, adequate bone marrow function (hemoglo-
bin > 10 g/dl, absolute neutrophil count 1,500/mm3,
platelet count > 100,000/mm3), adequate liver function
(bilirubin <1.5 times the upper limit of normal, AST and
ALT < three times the upper limit of normal, alkaline
phosphatase < two times the upper limit of normal), ade-
quate renal function (BUN and creatinine < 1.5 times the
upper limit of normal), and life expectancy >8 weeks. At
least 2 weeks must have elapsed from surgery, 4 weeks
from external beam radiotherapy, 8 weeks from stereo-
tactic radiosurgery and patients must have recovered from
all acute toxicities of prior chemotherapies before enrolling
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in this trial. Patients previously treated with stereotactic
radiosurgery required evidence of progression at a distant
site in the brain or confirmation of tumor progression by
biopsy or PET scan. Patients who received prior treatment
with temozolomide, dacarbazine or vinorelbine, pregnant
or nursing women, patients with serious intercurrent med-
ical illnesses or patients with known HIV or AIDS-related
illness were excluded. Additional exclusion criteria inclu-
ded evidence of leptomeningeal or dural metastases.

Study design

The study was approved by the MSKCC Institutional
Review Board and written informed consent was obtained
from all patients.

Baseline evaluation included brain MRI, physical and
neurological examination, and assessment of systemic
disease status (usually by body CT scan) within 2 weeks
prior to treatment. Patients underwent a weekly complete
blood count while on study. Physical and neurological
examination, comprehensive metabolic panel, and brain
MRI were repeated every two cycles. Re-evaluation of the
extent of systemic tumor with body CT was performed
after the first two cycles and no less than every four cycles
thereafter.

Patients received 28-day cycles with temozolomide
(150 mg/m?/d, days 1-7 and 15-21) and intravenous
vinorelbine on days one and eight. The phase I maximum
tolerated dose (MTD) of vinorelbine in this combination
was defined as 30 mg/m”. However, due to frequent my-
elosuppression observed in the first 14 patients of the study,
the vinorelbine dose was decreased to 25 mg/m> In the
absence of disease progression or unacceptable toxicity,
patients could continue to receive treatment on study for up
to 1 year.

Response and toxicity evaluation

Response to treatment was evaluated by brain MRI. A
complete response was defined as total resolution of all
measurable radiographic evidence of brain metastases on
two assessments separated by at least 4 weeks. The patient
could not have any neurological deterioration or be
receiving corticosteroids. A partial response required
greater than 50% reduction in the size of all measurable
brain metastases as defined by the sum of the products of
the greatest length and maximum width of the lesions for at
least two assessments, separated by at least 4 weeks in a
patient with stable or decreasing dose of corticosteroids.
Minor response was defined as a 25-50% reduction in the
size of all measurable brain metastases as defined by the
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sum of the products of the greatest length and maximum
width of the lesions for at least two assessments separated
by at least 4 weeks in a patient with stable or decreasing
dose of corticosteroids. Progressive disease was defined as
at least 25% increase in tumor size as defined by the sum of
the products of the greatest length and maximum width of
the lesions or the appearance of any new lesions; stable
disease represented all other situations. Toxicity was
evaluated using the National Cancer Institute’s Common
Toxicity Criteria, version 2.0 throughout the clinical trial
until 30 days after removal from the protocol.

Statistics

The primary endpoint was objective radiographic tumor
response. Secondary endpoints included progression-free
and overall survival and safety. Patients who were treated
in the phase I study with vinorelbine doses of 25 or 30 mg/
m? were included in the phase II data analyses. A modified
two-stage phase II clinical trial design was used in this
study. If zero or only one response were observed in the
first 20 patients, it could be concluded that the true
response rate was <20% with 93% confidence and no
further patients would be enrolled. If two or more
responses were observed in the first stage, a total of 35
evaluable patients would be required. If four or more
responses were observed, there would be evidence that the
regimen used was active. This design was powered to
detect a true response rate of 20% with 91% probability
and reject a response rate of 5% with 89% probability.

Demographic, safety, laboratory data and treatment
response were analyzed using descriptive statistics, while
survival analyses were based on Kaplan-Meier estimates.
For all patients, progression-free survival was measured
from enrollment in the study to disease progression, last
contact or death, whichever was earliest. Overall survival
was measured from study entry to death or last follow-up.
Survival analyses were performed in an intent-to-treat
fashion. Follow-up extended thru May 2007.

Results
Patients

A total of 38 patients (15 men, 23 women) with a median
age of 57 years were entered in the phase II protocol,
including 18 patients who were carried over from the phase
I protocol who received a dose of 25 or 30 mg/m?* of
vinorelbine. Baseline patient characteristics are presented
in Table 1. The most common primary cancer diagnoses
were lung (53%) and breast (29%). Most patients (84%)

Table 1 Baseline patient characteristics

Characteristic Patients (n = 38)

Gender
Men 15 (40%)
Women 23 (60%)
Median age (range) 57 (39-75)
Median KPS (range) 80 (60-100)
Primary cancer
Non-small cell lung 17 (45%)
Small cell lung 3 (8%)
Breast 11 (29%)
Colon 2 (5%)
Renal 2 (5%)
Endometrial 1
Bladder 1
Head and neck 1
Active systemic disease 32 (84%)
Previous systemic chemotherapy 37 (97%)
Median number of chemotherapy 2 (0-6)
regimens (range)
Brain metastases
Single 2 (5%)
Multiple 36 (95%)
Prior brain metastases treatment
WBRT 30 (79%)
Surgical resection 20 (53%)
Sterotactic radiosurgery 18 (47%)

had active systemic disease, with a median of two extra-
cranial sites involved (range, 0-6). Previous treatment for
the brain metastases included WBRT (79%), surgical
resection (53%) and stereotactic radiosurgery (47%).

Patients completed a median of two cycles of therapy
(range, 0-6 cycles), and two patients did not receive the
first cycle. One patient had clinical deterioration and
another patient had improvement of the brain lesions
before starting the first cycle of treatment. Twenty-two
patients received vinorelbine at a dose of 25 mg/m” and 14
patients received 30 mg/m”. Thirty-three patients discon-
tinued the study due to progression of disease or clinical
deterioration, two patients discontinued due to toxicity, and
one patient withdrew consent.

Response to treatment

Two patients (5%; 95% confidence interval (CI), 0.6-19%)
had an objective radiographic response, including a com-
plete response in a patient with NSCLC and a minor
response in a patient with breast cancer. The duration of the
response in these two patients were 5 and 1 months,
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respectively. Five patients (13%) had stable disease for a
median of 2.8 months, 26 patients (69%) had progressive
disease confirmed by imaging (23 in the brain, three sys-
temically) and three patients (8%) had clinical progressive
disease. The two patients (5%) who did not receive one
cycle of chemotherapy were not assessed for response.

Survival

To date, among the 38 patients enrolled, 29 (76%) had
died. The median follow-up among survivors was Ssix
months. The Kaplan-Meier estimate of progression-free
and overall survival for all patients is shown in Fig. 1.
Median progression-free survival was 1.9 months (95% CI,
1.8-2.2 months) and median overall survival was five
months (95% CI, 3.6-9.8 months).

Safety

Grade 3 and 4 toxicities were mainly hematologic and
consisted primarily of leukopenia, lymphopenia, and neu-
tropenia (Table 2). The group who received vinorelbine at
a dose of 30 mg/m? developed more grade 3 and 4 toxic-
ities. Leukopenia and neutropenia were statistically more
frequent in the group who received vinorelbine 30 mg/m?>
(P <0.001 and P = 0.005, exact Fisher’s test). Two
patients discontinued the protocol due to hematological
toxicity. All non-hematologic adverse events were
manageable.

Discussion

The results of this study suggest that the combination of a
more intense course of temozolomide coupled with
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Fig. 1 Progression-free and overall survival (n = 38)
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Table 2 Treatment-related toxicity (Grade 3 + 4)

Toxicity Vinorelbine Vinorelbine
30 mg/m? 25 mg/m?
(n=14) (%) (n=122) (%)

Anemia 20 19

Leukopenia 67 10

Neutropenia 46 10

Lymphopenia 73 45

Thrombocytopenia 13 5

AST elevation 13 5

ALT elevation 27 5

Alkaline phosphatase 13 0

Vomiting 7 0

Includes possible, probable and definite treatment-related toxicities

vinorelbine has only moderate clinical activity in this
heavily pretreated population with brain metastases. Tem-
ozolomide alone at conventional doses administered for
five consecutive days every 28 days at a dose of 150—
200 mg/m*/d has shown modest efficacy in a similar
population of brain metastases patients in two different
phase II trials [8, 9]. In one study, a partial response was
achieved in 1 (4%) and disease stabilization was observed
in 4 (17%) of 24 evaluable patients [9]. In an MSKCC
study, there were two partial responses (6%) and 15
patients with stable disease (44%) among 34 patients
assessed for radiographic response [8]. All three patients
with an objective radiographic response had NSCLC,
which was the most common primary tumor enrolled in
these two clinical trials. Subsequently, two phase II clinical
trials with single-agent temozolomide in brain metastases
from NSCLC were reported. An European Organization for
Research and Treatment of Cancer (EORTC) study was
terminated early because none of 12 patients with NSCLC
and brain metastases and 13 patients with advanced
NSCLC without brain metastases had an objective radio-
graphic response [14]. Another phase II study in heavily
pre-treated patients with brain metastases from NSCLC
showed an objective response in three patients (10%) and
stable disease in three patients (10%) [15]. One limitation
of our study was the inclusion of multiple different types of
cancer and histology with variable degree of chemosensi-
tivity. However, these patients were heavily pretreated and
often did not have any therapeutic options other than
supportive care or clinical trials such as this one.

Because single-agent temozolomide had only modest
activity in patients with recurrent or refractory brain
metastases but was relatively well tolerated, we and other
investigators have tried to combine temozolomide with
other cytotoxic agents in an attempt to improve efficacy.
One study combined temozolomide at standard doses (150-
200 mg/m?%d for 5 days every 28 days) with cisplatin
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75 mg/m? on day one. Among 32 patients with mostly
breast or lung cancer, there were 10 objective responses
(31%) and five with (16%) stable disease. Grade III-IV
toxicities with this regimen were mostly hematological and
one patient died from septicemia/neutropenic fever [16].
Another study combined temozolomide (200 mg/m*/d for
5 days every 28 days) with pegylated liposomal doxoru-
bicin (35 mg/m2 on day one) and found seven objective
responses (37%) among 19 patients [17].

Vinorelbine was chosen based on its in vitro and in vivo
broad-spectrum of action in solid tumors (lung, breast,
ovarian), side effect profile, and lipophilic properties,
which may enhance penetration across the blood-brain
barrier [12]. Moreover, vinorelbine in combination with
other cytotoxic agents has shown activity in brain metas-
tases from NSCLC, which is the most common cause of
metastatic brain disease. Vinorelbine (30 mg/m?* on days
one, eight, 15, 22 of 28-day cycles) in combination with
cisplatin (100 mg/m? on day one) and delayed WBRT has
shown activity as initial treatment of brain metastases from
NSCLC. Among 76 patients, there was a 21% objective
response rate after two cycles of chemotherapy alone, but
grade 4 neutropenia occurred in 35% of patients and six
patients had treatment-related deaths [18]. A phase II study
with vinorelbine, gemcitabine and carboplatin as initial
treatment for brain metastases from NSCLC showed a
response rate of 45% in 20 evaluable patients [19].

In addition to combining temozolomide with vinorel-
bine, we used a more intensive dosing regimen of
temozolomide to enhance efficacy. This regimen increases
the intensity of temozolomide exposure and could mini-
mize tumor cell regrowth between cycles. Moreover, this
schedule might also be more effective in depleting the
DNA repair enzyme O6-alkylguanyl transferase, which is a
major mechanism of temozolomide resistance [20]. This
same temozolomide regimen has been used successfully in
the treatment of recurrent glioblastomas with only moder-
ate toxicity [11].

In this heavily pretreated population of patients with
brain metastases, adding vinorelbine to a protracted course
of temozolomide does not improve response rates com-
pared to previous studies with single-agent temozolomide
at standard doses. Moreover, the treatment of recurrent or
progressive brain metastases is only palliative, so the high
incidence of toxicity found in this study is unacceptable for
this patient population.
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