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Abstract
Purpose This is a phase-I study of geWtinib in combina-
tion with temozolomide in patients with gliomas. The goal
of the study was to deWne the maximum tolerated dose
(MTD) and to characterize the pharmacokinetics of geWti-
nib when combined with temozolomide.
Patients and methods Patients were stratiWed according to
co-administration of enzyme-inducing anti-epileptic drugs
(EIAEDs). There were 26 evaluable patients enrolled (16 on
EIAEDs, 10 not on EIAEDs). All but seven patients had
Glioblastoma Multiforme (GBM), and only six cases had a
Karnosfsky Performance Status (KPS) of less than 80;
median age was 51 years. All had received prior radiother-
apy and 14 patients had no prior chemotherapy. The starting
dose of temozolomide was 150 mg/m2/day for 5 days every
28 days and could be escalated to a maximum dose of
200 mg/m2/day in subsequent cycles. The starting dose of

geWtinib was 500 mg/day given by mouth on a continuous
basis. Dose-limiting toxicity was assessed in cycle one only.
Results For patients on EIAEDs, the MTD of geWtinib
was 1,000 mg/day in combination with temozolomide.
Dose-limiting toxicity (DLT) was due to diarrhea, nausea
and vomiting. For patients not on EIAEDs, the MTD was
250 mg/day in combination with temozolomide. The DLT
was due to increases in liver transaminases. Rash was not a
signiWcant toxicity at these dose levels. The peak concen-
tration and AUC0-24hr at the 500 mg dose level was 1.8 and
2.5-fold lower, respectively, in the EIAED group compared
to the non-EIAED group; trough levels of geWtinib
increased in both groups consistent with the reported termi-
nal half-life ranging from 27 to 51 h.
Conclusion The recommended phase-2 dose of geWtinib
when used in combination with temozolomide is 1,000 and
250 mg/day, respectively, for patients on or not on EIAEDs.
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Introduction

The epidermal growth factor receptor (EGFR) is ampli-
Wed in 40–50% of patients with Glioblastoma Multiforme
(GBM), the most lethal of the malignant gliomas [3].
Over-expression also occurs, in some cases independent
of gene ampliWcation. In addition, there are mutant forms
of the receptor, including the EGFRvIII mutant [3]. Epi-
dermal growth factor (EGF), the ligand for the receptor,
has been shown to stimulate tumor growth and migration
in animal model systems, eVects which can be abrogated
by anti-EGFR monoclonal antibodies. These pre-clinical
results supported the use of EGFR targeted treatment
strategies for these tumors, including the use of small
molecule receptor tyrosine kinase inhibitors. Two kinase
inhibitors have been used clinically in malignant glioma,
geWtinib (Iressa, ZD1839; AstraZeneca) and erlotinib
(Tarceva, OSI-774; Genentech). Only modest beneWts
have been reported when used as single agents in recur-
rent malignant glioma, with few objective responses,
although some beneWt in delay of disease progression
have been noted [8, 17].

There may be an advantage to use EGFR-targeted thera-
pies earlier in the disease, and in combination with cyto-
toxic agents. The current standard for treatment of newly
diagnosed GBM is surgery followed by concurrent radio-
therapy and temozolomide chemotherapy, followed by
adjuvant temozolomide for up to 6 months [20]. Despite
this approach, median survival remains only 14.6 months.
Although of limited beneWt in recurrent disease, inhibitors
of EGFR may be more eYcacious in newly diagnosed dis-
ease. It has been shown that EGFR expression may be
reduced at the time of tumor progression when compared
to newly diagnosed, untreated disease [18]. It has also
been shown that radiotherapy may increase EGFR activa-
tion, and EGFR over-expression has been shown in pre-
clinical models to increase resistance to that treatment [5,
19]. In addition, experiments using human tumor xenograft
models of GBM implanted in nude mice suggest that
EGFR ampliWcation confers resistance to alkylator-based
treatment, including temozolomide [9]. These pre-clinical
data suggest that inhibition of the EGFR early in the
disease process, when expression may be higher, may
potentially improve the response to radiation and/or
chemotherapy given concurrently with radiation and
following radiation.

GeWtinib, like erlotinib, is metabolized by CYP3A4, and
exposure is reduced with concurrent use of enzyme inducing
drugs. StratiWcation of patients based upon use of enzyme

inducing agents is important to understand the toxicity and
exposure of both tyrosine kinase inhibitors in this patient
population. A previous phase-1 trial of erlotinib plus tem-
ozolomide has recently been reported and a recommended
phase-2 dose of that regimen has been suggested [15]. The
present study evaluates the toxicity and pharmacokinetics
of the combination of geWtinib with temozolomide in
patients with stable or recurrent malignant glioma, with and
without the use of enzyme inducing antiepileptic drugs
(EIAEDs). The goal of this study was to establish a recom-
mended phase-2 dose for this combination that may be used
for future studies in primary, newly diagnosed GBM, or as
a component of multimodality treatment in recurrent dis-
ease.

Patients and methods

Patients aged ¸18 years with histologically proven
supratentorial malignant glioma, including GBM,
anaplastic astrocytoma, anaplastic oligodendroglioma,
anaplastic mixed oligoastrocytoma, and malignant astro-
cytoma not otherwise speciWed, were eligible for inclu-
sion. A life expectancy of >8 weeks and a KPS of ¸60
were required.

Patients with either stable or progressive disease were
eligible for treatment. Adequate bone marrow (white blood
cells >3,000/�l, absolute neutrophil count >1,500/�l, plate-
let count >120,000/�l, hemoglobin >10 g%), liver (serum
glutamic–oxaloacetic transaminase and bilirubin <1.5
times the upper limit of normal) and renal function (creati-
nine <1.5 mg/dl or estimated creatinine clearance > 60 ml/
min) were required within 14 days before entering the
study.

Patients must have recovered from toxic eVects of
prior therapy with a minimum of 2 weeks after receiving
vincristine, 6 weeks for nitrosoureas, 4 weeks for tem-
ozolomide, 3 weeks for procarbazine and 1 week for
non-cytotoxic agents. Radiation had to be completed at
least 3 weeks before study entry. Patients had to be at
least 7-day post-tumor resection, if done, and recovered
from the eVects of surgery or radiation. Measurable dis-
ease following recent resection of a recurrent tumor was
not required for study entry. No more than three prior
chemotherapeutic regimens were permitted. Patients also
had to be on stable doses of concomitant medication,
especially those aVecting the cytochrome P450 pathway
(a minimum of 2 weeks), before entering the study.
Growth factors or other investigational drugs was not
permitted nor was previous use of geWtinib or erlotinib or
any other anti-EGFR directed therapies. Exclusion crite-
ria included patients with major illness inadequately con-
trolled with therapy or disease that would compromise
123



Cancer Chemother Pharmacol (2008) 61:1059–1067 1061
their ability to tolerate study treatment; signiWcant gas-
trointestinal risk factors within the past 6 months; other
cancers (except non-melanoma skin cancer or carcinoma
in situ of the cervix) unless in complete remission and oV
therapy for a minimum of 3 years; active infection, or
pregnancy.

Patients may have had treatment for no more than
three prior relapses. Relapse is deWned as progression
following initial therapy (i.e. radiation § chemo if that
was used as initial therapy). The intent therefore is that
patients had no more than four prior therapies (initial and
treatment for three relapses). Patients with prior or cur-
rent treatment with temozolomide were eligible provided
they did not progress or were not progressing while on
temozolomide.

The protocol was approved by the each institutional
review board and conducted in accordance with institu-
tional and federal guidelines for human investigation. All
patients signed an approved informed consent form.

StratiWcation

Patients were stratiWed into two groups (Groups A and B)
based on whether they are taking EIAEDs:

Group A: Patients who were not receiving EIAEDs.
Group B: Patients who were receiving EIAEDs.

EIAEDs included carbamazipine, oxycarbamazine, phenyt-
oin, fosphenytoin, phenobarbital and primidone. All other
anticonvulsants were considered non-EIAEDs.

Patients enrolled into Group B had to remain on EIA-
EDs throughout their treatment. If the EIAED had to be
changed, another EIAED was used. If patients in Group A
were required to start anticonvulsant medications, all
eVorts were made to use a non-EIAED. Any patients com-
pleting cycle 1 of therapy or patients removed for toxicity
before cycle 1 was completed were evaluable for the pri-
mary endpoint. Patients removed from study before cycle
1 was completed (for reasons other than toxicity) were
replaced.

Treatment

The starting dose of temozolomide was 150 mg/m2/day
for 5 days every 28 days (one cycle); the dose could be
increased in subsequent cycles to 200 mg/m2/day accord-
ing to dosing guidelines described below. For cycle 1
only, temozolomide was started 7 days after the start of
geWtinib.

Patients were treated with geWtinib on a continuous once
daily dosing schedule, with 35 days constituting cycle 1,
and 28-treatment days constituting subsequent treatment

cycles. The dose escalation schema using the 250 mg for-
mulation of the drug was as follows: 

Corticosteroids were used in the smallest dose to control
symptoms of cerebral edema and mass eVect, and discon-
tinued if possible. Because of the potential for corticoster-
oids to induce CYP3A4, investigators were instructed to be
especially alert for toxicity in patients weaned oV corticos-
teroids during ongoing treatment with geWtinib. Anti-sei-
zure medications were used as indicated. When clinically
appropriate, the use of non-EIAEDs was encouraged. If
during the course of the study, a change in AED was
required or additional agents were required, patients on
non-EIAEDs were not switched to an EIAED nor have an
EIAED added to the regimen. Subjects who began treat-
ment and required a change in drug were switched to
another EIAED in order to remain on study, since change to
a non-EIAED would place such subjects at risk for dose
related toxicities. Concentrations of AEDs metabolized by
CYP3A4 enzyme pathway were monitored at intervals to
ensure that these remain within the therapeutic range.

Maximum tolerated dose and dose-limiting toxicity

The dose-limiting toxicity (DLT) was deWned as follows
(using the NCI-CTC version 2.0)

Any non-hematological grade-3 toxicity.
Any grade-4 hematological toxicity.
Protracted (greater than 2 weeks) grade-2 cardiac, pul-
monary, renal, or CNS toxicities.
Toxicity that resulted in therapy interruption for greater
than 2 weeks.

DLT was assessed in cycle 1. Cycle 1 started with geWtinib
given alone on days 1–7; temozolomide was added on days
8–12. GeWtinib was continued on a daily basis. Cycle 2
began on day 35, or 28 days after the initial doses of tem-
ozolomide. Cycle 2 and all subsequent cycles were 28 days
in length. Temozolomide was given on days 1–5 of cycle 2
and subsequent cycles. Dose escalation of geWtinib or tem-
ozolomide was not allowed in cycle 1. Assuming no DLTs
or signiWcant clinical deterioration after the Wrst 35-day

Dose levels Dose (mg/day)

¡1 (starting dose level) 250

1 500

2 750

3 1,000

4 1,250

5 1,500

6 2,000

7 2,500
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cycle, patients were treated with another cycle of geWtinib
and temozolomide. Prior to cycle 3, patients underwent a
clinical and radiographic tumor re-staging. As long as the
tumor was stable in size or smaller and the patient was clin-
ically stable or improved without dose-limiting toxicity,
patients received additional cycles of geWtinib and temozol-
omide in 28-day cycles. Treatment was continued as long
as there were no unacceptable toxicities (DLTs) and no evi-
dence of tumor progression.

The MTD was based on the assessment of DLT during
the Wrst 35 days of treatment only (cycle 1), and was deW-
ned as the dose at which fewer then one-third of patients
experience a DLT to geWtinib. The MTD was the dose level
at which 0/3 or 1/6 patients experience DLT with the next
higher dose having at least 2/3 or 2/6 patients encountering
DLT. Toxicity was based upon toxicity felt secondary to
geWtinib, rather than due to temozolomide. Three patients
in Group A or Group B were treated at each dose level, and
could be enrolled simultaneously. If one DLT was encoun-
tered, an additional three patients were added to that dose
level. If at any point two DLTs were encountered within a
given dose level, then the MTD had been exceeded and
three more patients are treated at the next lower dose (if
only three patients were previously treated at that prior
dose).

Pharmacokinetic evaluation

Sample collection

The major pharmacokinetic goal of this trial was to deter-
mine the pharmacokinetic characteristics of geWtinib for
brain tumor patients receiving concurrent therapy with
EIAEDs. For all treated patients, serial blood samples at
speciWed times were obtained before and after geWtinib
administration on day 1 of the Wrst treatment cycle. Hepa-
rinized blood specimens were collected at the following
times during the Wrst treatment cycle:

Day 1: Prior to drug administration, 30 min, 1, 2, 3, 4,
5, 8, 12 and 24 h after administration of the Wrst day’s
dose.
Days 8 and 29 (trough levels): Trough levels were
obtained on days 8 and 29 of treatment by obtaining
specimens immediately prior to the day’s oral dose.

Analytical method

Concentrations of geWtinib in plasma were analyzed by
high performance liquid chromatography and quantiWed by
mass spectrometric detection as described by Jones and
Colleagues [6]. Analytical grade geWtinib and the deuter-
ated (d8)–geWtinib internal standard (IS) were obtained

from AstraZeneca Pharmaceutical (MacclesWed, UK). The
analytical standard for the -O-desmethyl metabolite of geW-
tinib was not available, therefore not measured.

GeWtinib was isolated from plasma by liquid–liquid
extraction. BrieXy, 900 �l of plasma was spiked with
100 �l (50 ng) of the IS followed by the addition of 1 ml of
1 M sodium hydroxide and 6 ml of methl-tert butyl ether.
After circular rotation for 1 h, the samples were centrifuged
(4,000 rpm) at 25°C for 3 min. The organic layer was evap-
orated to dryness under a gentle stream of nitrogen in a
25°C water bath. The dry residue was reconstituted with
250 �l of mobile phase and sonicated for 5 min. Following
re-centrifugation, 100 �l of sample was auto-injected at
room temperature onto a reverse phase HPLC system (HP
series II 1090 HPLC system, Hewlett Packard, Palo Alto,
CA). The mobile phase consisted of 80% acetonitrile: 20%
aqueous ammonium acetate (1% w/v) pumped at a Xow rate
of 1.0 ml/min. Separation of geWtinib was accomplished
using an Inertsil ODS3 (3 �m, 2.1 1D £ 150 mm; HiChrom
Ltd., Berkshire, UK) column preceded by an Inertsil ODS3
cartridge guard column. Mass spectrometric (MS) detection
was performed by a Finnigan LCQTM spectrometer, San
Jose, CA, equipped with an atmospheric pressure chemical
ionization (APCI) probe. The MS settings were: vaporizer
temperature 450°C; sheath gas (N2) Xow rate ¡59.75 arb;
current 5.03 �A; voltage 4.17 kV; capillary temperature
176°C and capillary voltage 3 kV.

In the MS/MS mode, the collision energy was 52%. For
peak identiWcation, full-scan mass spectra were acquired in
a positive ion mode. The MS/MS scan range for geWtinib
was 120–500. Selected ion monitoring was used for the
determination of the ammonium adducts [M + NH4] and
the compound’s respective fragment ion: geWtinib (m/z
447.2–136.2).

Data acquisition and integration of the chromatograms
were performed using XcaliberTM LCQUAN program
(Finnigan, San Jose, CA). The chromatographic data were
analyzed by linear least-squares regression with a weight-
ing factors of 1/x2 generating an eight-point calibration
curve of area ratios for geWtinib. The calibration curves
were linear (R2 > 0.99) over the range from 0.5 to 500 ng/
ml. Concentrations above the highest calibration standard
were diluted into the linear range of the calibration curve.
The slope of seven separate calibration curves used in the
analysis of samples over a two-year span ranged from
0.007 to 0.010 with a mean valve of 0.009 § 0.0018 (SD).
Samples were repeated if the independent quality control
(QC) samples at the low (1.5 ng/ml) exceeded the theoreti-
cal value by 20% and the medium (40 ng/ml) or high
(90 ng/ml) QC by 15%. Of the 28 analytical runs per-
formed, only two of the duplicate QCs failed. The interday
precision for geWtinib was 10.79, 8.91, and 8.29% for the
low, medium and high QC samples.
123



Cancer Chemother Pharmacol (2008) 61:1059–1067 1063
Pharmacokinetic analyses

GeWtinib plasma concentrations were analyzed by non-
compartmental methods. The time interval relative to the
administration of geWtinib and the actual sample times were
used for the determination of the time to peak (tmax) and the
estimation of the area under the plasma concentration-time
curve (AUC0–24) by linear trapezoidal rule. Peak concentra-
tions (Cpmax) were determined by inspection of each indi-
vidual’s plasma concentration–time curve. Since the
number of patients per dose level was relatively small in
this dose-Wnding study, the AUC, Cpmax and trough levels
were dose-normalized for statistical comparisons.

Statistical considerations for PK analyses

Pharmacokinetic parameters are reported as mean values
§SD. The relationship between geWtinib dose administered
(mg) and AUC0–t were analyzed by Spearman’s correlation
coeYcient and linear regression analysis. DiVerences
between the two groups with respect to the kinetic variables
were evaluated using an unpaired 2-tailed (t) test. Two-
tailed probability values of less than 0.05 were regarded as
statistically signiWcant.

Dose modiWcations for subsequent cycles of geWtinib

The most common non-hematologic toxicities in prior stud-
ies of geWtinib have been skin rash and diarrhea. Tolerable
grade-2 diarrhea and skin rash did not require temporary
discontinuation of treatment as these toxicities could
improve despite continued treatment with geWtinib. Symp-
tomatic treatment of diarrhea with immodium or other anti-
diarrheals was recommended. At any time during any
treatment cycle, grade-2 skin rashes and diarrhea that were
intolerable or unacceptable to the patient, geWtinib was tem-
porarily held until resolution of the toxicity to grade 1 or
less (grades 0–1) and subsequently re-started at the same
dose. If symptomatic grade-2 diarrhea and skin rash
recurred after re-instituting treatment at the initial dose and
again required temporary discontinuation, treatment was
held until resolution to grade 1 or less (grades 0–1) and re-
instituted at a dose 250 mg less than the initial dose. For
grade-2 non-hematological toxicity that was medically con-
cerning [e.g. prolonged (greater than 2 weeks) cardiac, pul-
monary or neurotoxicity], treatment was held until
resolution and re-instituted at a dose 250 mg less than the
initial dose. For Grades 3 and 4 toxicities, treatment was
discontinued and patients re-evaluated at least weekly until
resolution to grade 1 or less (grades 0–1). Treatment was
reinstituted at a dose of 250 mg less than the previous daily
dose. Clinical neurological events that could be due either

to drug toxicity, treatment eVect (e.g. radiation injury) or
tumor progression were resolved by MR imaging.

Dosing guidelines for temozolomide

Patients receiving the combination of temozolomide plus
geWtinib started temozolomide at 150 mg/m2/day for Wve
consecutive days in the Wrst cycle. For the Wrst cycle, tem-
ozolomide began on day 7 after the start date of geWtinib.
For patients already on temozolomide, geWtinib treatment
began 7 days before further temozolomide therapy. Every
month of therapy was considered a cycle after cycle 1 was
complete. Temozolomide was given on days 1–5 of cycle 2
and subsequent cycles. If there was no toxicity during the
initial temozolomide cycle, patients could be treated at
200 mg/m2/day for subsequent cycles. Treatment cycles
were repeated every 28 days following the Wrst daily dose
of temozolomide from the previous cycle. Temozolomide
was not escalated beyond 200 mg/m2/day.

The dose of temozolomide administered for subsequent
cycles was determined according to the nadir ANC and
nadir platelet count of the immediately previous cycle for
temozolomide (see the following table). 

Note: Dose levels (daily dose): 200, 150, and 100 mg/m2 /day

Non-Hematologic Criteria: Subsequent courses could
start (as long as the treatment was beneWcial) after complete
resolution of toxicities to Grade 2 or less. A minimum
2-week rest period was required if there was Grade 3 or
greater non-hematologic toxicity. Dosages for the subse-
quent course were one dose level below the dose that pro-
duced toxicity of Grade 3 or greater as follows: 

If the patient experienced Grade 3 or greater hemato-
logic or non-hematologic toxicity with a dose of 100 mg/m2

temozolomide, he or she was discontinued from the study.

Dose–adjustment criteria

Nadir toxicity 
level

Nadir 
ANC/�l

Nadir plate-
lets/�l

Temozolomide modiWcation

0 ¸2,000 ¸100,000 Dose unchanged from previ-
ous

1 1,500–
1,999

75–99,999 Dose unchanged from previ-
ous

2 1,000–
1,499

50–74,999 Dose unchanged from previ-
ous

3 500–999 25–49,999 Decrease dose to next lower 
dose level

4 <500 <25,000 Decrease dose to next lower 
dose level

Dose level ¡2 ¡1 0

Temozolomide (5 days) 100 mg/m2 150 mg/m2 200 mg/m2
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Pre-treatment evaluations

A complete history and neurological examination, as well
as documentation of evaluable disease were performed on
all patients. Baseline scan were obtained within 14 days of
registration and on a steroid dosage that has been stable for
5 days. All patients had a baseline ophthalmologic exami-
nation performed prior to beginning drug administration
within 21 days of registration. Pre-study laboratory tests
included EKG, CBC, platelets, PT, PTT, serum electro-
lytes, calcium, phosphorus, magnesium, albumin, alkaline
phosphatase, serum creatinine, creatinine clearance or esti-
mated creatinine clearance (140-age £ weight in kg/
72 £ crserum) £ 0.85 for females, bilirubin, SGPT, SGOT,
and serum pregnancy test for women of childbearing poten-
tial. Pre-study laboratory tests were obtained with 14 days
of registration.

Evaluations during study

CBC and platelets were performed every week during the
treatment; PT, PTT, serum electrolytes, calcium, phospho-
rus, magnesium, albumin, alkaline phosphatase, serum cre-
atinine, bilirubin, SGPT, SGOT, bilirubin, BUN were
performed every 4 weeks prior to each cycle. A brain MRI
was done prior to every other cycle. Patients with stable or
responding disease could continue treatment, assuming no
dose-limiting toxicity, until tumor progression. Tumor pro-
gression was determined by the use of sequential MR imag-
ing, and was deWned as an enlargement of the tumor cross-
sectional enhancement area by 25%. Complete or partial
response required complete resolution of enhancement or a
greater than 50% decrease in tumor area, respectively; sta-
ble disease required no change, or less than 25% increase or
decrease in tumor area. All responses required that there
was no change or a decrease in steroids and patients had to
have clinically stable disease.

Criteria for removal from study

Patients were removed from the study due to disease pro-
gression, unacceptable toxicity, prolonged treatment
delays, or medical or psychiatric illness which in the inves-
tigator’s judgment rendered the patient incapable of further
therapy. In addition, patients could withdraw from the
study at any time for any reason.

Results

There were 28 patients registered from seven institutions. Of
these, two were not evaluable. One had an ineligible pathol-
ogy on central review, and one patient declined treatment

after registration. The results include information from 26
eligible and evaluable patients. Patient characteristics are
shown in Table 1. Ten patients were enrolled in Group A
(no EIAED use) and 16 in Group B. The median age was
54 years in Group A and 48 years in Group B. The most
common diagnosis was GBM.

The DLT for patients not on EIAEDs was elevation of
liver function studies, including AST and ALT, when
treated with geWtinib at a dose of 500 mg/day. Two patients
out of six had this event. Transaminase elevations typically
resolved within 2–4 weeks for grade-3 or 4 toxicities. Only
one patient required longer than 4 weeks for resolution. At a
dose of 250 mg/day dose level of geWtinib, only one patient
out of six had dose-limiting diarrhea. The MTD for geWtinib
in this patient group is 250 mg/day when used with temozol-
omide. The DLT for patients on EIAEDs was diarrhea, nau-
sea and vomiting. Two patients out of three had this event at
a dose of 1,250 mg/day. No DLTs were noted in six patients
treated at a dose of 1,000 mg/day, the MTD. Tables 2 and 3
describe all grades 3 and 4 toxicities of the treatment for
Groups A and B. Of note, rash was only a minor problem in
this study. Only one grade-3 rash was recorded in a patient
in Group A. The remainder of the patients had only grade 1
or 2 rash. Grade 3 diarrhea was not common in either group,
but was seen more often in Group B patients. Hematological
toxicity was not signiWcant, and was typical for temozolo-
mide when used as a single agent.

Pharmacokinetic results

The mean (§SD) pharmacokinetic parameters for geWtinib
are summarized in Table 4. Comparison of the dose-nor-
malized pharmacokinetic parameters between the two
groups (non-EIAEDs versus EIAEDs) indicates an appar-
ent eVect of EIAEDs on the systemic disposition of geWti-
nib (Table 5). The time to peak concentrations were similar
for both groups. Mean peak plasma concentrations were

Table 1 Patients’ characteristics

Group A Group B

Patient enrolled 10 16

Median age (range) 54 (41–78) 48 (35–62)

Sex (M/F) 6/4 11/5

Histology

GBM 6 12

AO 1 1

AA 3 2

AOA 0 1

Prior chemotherapy

Yes 6 6

No 4 10
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1.5-fold lower in the EIAED group, compared to the non-
EIAED group. More importantly, the systemic exposure
(AUC) to geWtinib was signiWcantly (P = 8.0 £ 10¡5) lower
in the EIAED group. Trough levels on days 1, 8 and 29
were all signiWcantly lower for the EIAED group. Trough
levels increased in both groups consistent with its reported
terminal half-life (21–51 h) achieving steady-state concen-
trations at day 8. There was no statistical diVerence
between the days 8 and 29 trough levels in either group.

Discussion

The overall metabolism of geWtinib is primary regulated
by the abundant, highly inducible CYP3A4/5 [12].

However, the non-inducible, highly polymorphic
CYP2D6 is also responsible for the metabolism of geWti-
nib to one of its major metabolite, desmethy-geWtinib
[12]. We observed that patients receiving EIAED has sig-
niWcantly lower peak concentrations and exposure
(AUC0–24) to geWtinib compared to the non-EIAED
patients. This observation is consistent with another
recent report [16] and our NABTC 00-01 phase-1 single-
dose trial with geWtinib alone in patients with recurrent
malignant gliomas [10]. In the NABTC 00-01 trial,
patients on EIAEDs received escalating doses of geWtinib
ranging from 500 to 2,000 mg daily. The MTD for
patients receiving EIAEDs was 1,250 mg. The EIAED
aVects on the pharmacokinetic parameters of geWtinib
observed in the NABTC 00-01 trial are similar to those
observed in the current combination trial (Table 5). Our
trial was not designed to detect a pharmacokinetic inter-
action between either geWtinib or temozolomide. How-
ever, we did not expect that geWtinib would aVect the
pharmacokinetics of temozolomide, since temozolomide
is metabolized by non-enzymatic, chemical degradation
process [1]. However, a modest pharmacokinetic interaction
between another EGFR tyrosine kinase inhibitor, erloti-
nib which is also a CYP3A4 substrate and temozolomide
has been reported [15].

Somatic mutations in the EGFR gene have been identi-
Wed which enhance the activity of geWtinib in lung tumors
[11, 14]. Indeed, there are reports of patients with brain
metastases from non-small-cell lung cancer responding to
geWtinib [4]. Of note, geWtinib inhibits p-glycoprotein
(pgp/ABCB1) as well as, the breast cancer resistance pro-
tein (BCRP/ABCG2) both of which are components of the
capillary endothelial cell of the brain [2, 7]. The mutant
EGFR receptors are inhibited by geWtinib concentrations
of 0.2 �mol/l (89 ng/ml), whereas, the wild-type EGFR
receptor requires concentrations of 2 �mol/l (894 ng/ml)
for complete inhibition [13]. Mean steady-state trough
plasma concentrations (day 8 or day 29) of geWtinib
¸2 �mol/l were not achieved in either of our patient
groups (Table 4). However, preliminary data obtained
from our NABTC 00-01 trial suggests a preferential dis-
tribution of geWtinib from blood into brain tumor tissue.
Pre-surgical treatment of non-EIAED patients with geWti-
nib 500 mg/day for 7 days resulted in geWtinib concentra-
tions in brain tumor tissue 18 times higher than plasma
(unpublished). The tumor concentrations approached or
exceeded the concentration (2 �mol/l) reportedly neces-
sary for wild-type EGFR inhibition. Inhibition of EGFR
phosporylation was evident in these patient’s tumors by
comparison of the tissue prior to resection versus post
geWtinib treatment.

In conclusion, the combination of geWtinib and temozol-
omide is tolerable and the recommended starting phase-2

Table 2 Grades 2–4 toxicities reported—Group-A patients

a Dose-limiting toxicity

Toxicity Number of patients

Grade 2 Grade 3 Grade 4

Diarrhea 5 1a 0

Elevated AST 2 1a 0

Elevated ALT 1 3a 0

Rash 3 1 0

Thrombocytopenia 1 1 0

Lymphocytopenia 2 0 0

Leukopenia 0 0 0

Anemia 1 0 0

Anorexia 2 0 0

Fatigue 3 0 0

Vomiting 1 0 0

Nausea 1 0 0

Table 3 Grades 2–4 toxicities reported—Group-B patients

a Dose-limiting toxicity

Toxicity Number of patients

Grade 2 Grade 3 Grade 4

Diarrhea 1 3a 0

Elevated AST 0 0 0

Elevated ALT 1 0 0

Rash 5 0 0

Thrombocytopenia 0 0 0

Lymphocytopenia 2 0 0

Leukopenia 4 3 0

Anemia 0 0 0

Anorexia 1 0 0

Fatigue 7 0 0

Vomiting 1 1a 0

Nausea 3 0 0
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dosing criteria for patients on or not on EIAEDs are sug-
gested. It should be emphasized that the DLT was evalu-
ated in the Wrst cycle of therapy only, in patients receiving
geWtinib in combination with temozolomide at a dose of
150 mg/m2/day for 5 days. Using temozolomide at a dose
of 200 mg/m2/day in combination with geWtinib was possi-
ble in some patients but was not the intent of this study.
Future studies should be considered using this combination
in patients with newly diagnosed disease, with the potential

to increase eYcacy over that seen with temozolomide alone
in this patient population.
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Table 4 Pharmacokinetics of geWtinib

Cpmax Peak plasma concentration, Tmax time of Cpmax, AUC0–24, area under the plasma concentration curve

[ ] Not included in mean, individual 2.56 M2

Dose (mg) Cpmax (�g/ml) Tmax (h) Trough levels (�g/ml) AUC0-24 h

Day 1 Day 8 Day 29 (�g £ h/ml)

Non-EIAEDs

250 92 3 37 264 – 1.45

250 156 2 57 289 325 2.25

250 150 4 59 506 423 2.16

Mean (§SD) 133 (§35.4) 3 (§12.0) 51 (§12.2) 353 (§133) 374 (§69.3) 1.95 (§0.45)

500 355 3 155 591 548 4.91

500 294 4 119 421 401 4.55

Means (§SD) 325 (§43.1) 3.5 (§0.71) 137 (§25.5) 506 (§120) 475 (§104) 4.73 (§0.26)

EIAEDs

[500] 45 8 13 38 31 0.67]

500 241 8 66 55 33 3.01

750 470 2 61 130 58 3.95

750 331 3 53 84 167 3.18

750 150 5 41 59 – 2.03

750 414 2 – 197 – 3.54

Mean (§SD) 341 (§140) 3 (§1.41) 52 (§10.1) 118 (§60.6) 113 (§77.1) 3.18 (§0.83)

1,000 238 3 41 – – 2.57

1,250 338 3 50 137 176 2.99

1,250 390 5 109 – 156 5.61

Mean (§SD) 364 (§36.8) 4 (§1.41) 79.5 (§41.7) 137 166 (§14.14) 4.3 (§1.85)

Table 5 Pharmacokinetics of geWtinib

PK Pharmacokinetic, (*) unpublished

Dose normalized PK parameters Non-EIAED versus EIAED NABTC 00–01(*) Non-EIAED versus EIAED

Ave. (§SD) (n = 5) [P-value] (n = 8) (n = 13) (n = 17)

Cpmax (�g/ml/mg) 0.578 (§0.127) [0.046] 0.390 (§0.157) 0.822 (§0.267) 0.562 (§0.594)

Tmax (h) 3.20 (§0.837) [0.497] 3.88 (§2.03) 4.08 (§1.71) 3.53 (§1.66)

AUC(0–24 h) (�g £ h/ml/mg) 0.009 (§0.0015) [0.00008] 0.004 (§0.001) 0.010 (§0.003) 0.004 (§0.002)

Trough levels (ng/ml/mg)

Day 1 0.234 (§0.570) [0.0001] 0.074 (§0.032) 0.295 (§0.089) 0.093 (§0.042)

Day 8 1.25 (§0.450) [0.001] 0.268 (§0.261) 0.780 (§0.302) 0.175 (§0.066)

Day 29 1.22 (§0.373) [0.003] 0.127 (§0.060) 1.02 (§0.592) 0.200 (§0.081)
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