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Erlotinib, an epidermal growth factor receptor (EGFR)
tyrosine kinase inhibitor, is active in glioblastoma. We
evaluated erlotinib efficacy in patients with first-relapse
glioblastoma and assessed whether response was
related to EGFR amplification and/or concomitant use
of enzyme-inducing antiepileptic drugs (EIAEDs) in a
phase II open-label study of glioblastoma patients in
first relapse. Patients took erlotinib daily until pro-
gression. Starting dose was 150 mg for patients not
taking EIAEDs and 300 mg for patients taking
EIAEDs. Tumors were radiographically assessed every
8 weeks. Response was evaluated by investigators and
confirmed by an independent radiology facility (IRF).
The primary efficacy outcome was the objective
response (OR) rate, according to the modified WHO cri-
teria. Enrollment (n 5 48) was terminated after a
planned interim analysis due to an insufficient number
of responses. The IRF confirmed 1 complete and
2 partial responses (PRs), for an OR rate of 6.3%
(95% confidence interval [CI]: 1.7–17.0). Investigators
determined 1 complete response and 3 PRs, median
response duration of 7.0 months, 6-month progression-
free survival (PFS) of 20% (95% CI: 10.0–32.4), and
median survival of 9.7 months (95% CI: 5.9–11.6).
Outcomes were not related to EGFR amplification or
EIAED status. Diarrhea and rash were the most
common adverse events (AEs); 23% of patients experi-
enced grade 3–4 drug-related AEs. Despite the limited
number of responses, 6-month PFS and median survival
reached or exceeded the previously reported values
for patients undergoing chemotherapy for recurrent

glioblastoma. EGFR amplification was not associated
with erlotinib activity. Given the large CIs and nonran-
domized nature of the study, results should be
interpreted cautiously.

Keywords: EGFR amplification, EGFR inhibition,
enzyme-inducing antiepileptic drugs, progression-free
survival.

G
lioblastoma is the most aggressive and fatal
primary brain tumor in adults. Standard
therapy for newly diagnosed glioblastoma

includes surgical resection followed by temozolomide
(TZ; Temodal, Temodar; Schering-Plough) and radio-
therapy followed by adjuvant TZ.1 Median survival
for patients treated with this approach is 15 months,
with a 2-year survival rate of 26%. After initial disease
progression, response to chemotherapy is uncommon,
with 6-month progression-free survival (PFS) of 8%–
21% and median survival of 6 months.2–4 Thus, there
is an urgent need for an effective treatment for recurrent
glioblastoma.

The epidermal growth factor receptor (EGFR) is a
transmembrane receptor tyrosine kinase whose acti-
vation triggers mechanisms that are involved in cell pro-
liferation and survival. EGFR is dysregulated in a variety
of epithelial tumors and is linked to increased
tumorigenicity.5 Strategies that disrupt EGFR signal
transduction, such as the orally active, reversible
small molecule tyrosine kinase inhibitors erlotinib
(Tarceva; Genentech, Inc.) and gefitinib (Iressa;
AstraZeneca Pharmaceuticals), are being evaluated as
antitumor therapies.6

Several molecular characteristics of glioblastoma
make it a compelling candidate for anti-EGFR therapy.
For instance, EGFR is overexpressed in 40%–90% of
glioblastomas, and in nearly half of those cases,
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overexpression is due to amplification of the EGFR
gene.7 EGFR amplification is sometimes associated
with mutations that are believed to promote cell prolifer-
ation, migration, and invasiveness via the RAS-RAF-
MAPK pathway and impair apoptosis via the PI3K/
AKT pathway.8 The most common of these mutations
is EGFRvIII, a variant in which the extracellular ligand-
binding domain has been deleted, resulting in constitu-
tive receptor activation.7,9

Recent studies have investigated the activity of
EGFR tyrosine kinase inhibitors in glioblastoma and the
relationships between response and EGFR expression,
with inconsistent results.10–12 In a phase I study, 8
(19.5%) of 41 patients with advanced gliomas responded
to erlotinib, and response was associated with EGFR over-
expression.10 On the other hand, EGFR expression was
not associated with sensitivity to gefitinib in recurrent
glioblastoma,12 and a retrospective analysis of tissue
from glioblastoma patients treated with erlotinib or gefiti-
nib indicated that response was independent of EGFR
amplification but was associated with coexpression of
EGFRvIII and PTEN.11 PTEN is a tumor suppressor
gene that is frequently mutated in glioblastoma and
leads to disinhibition and constitutive activation of the
PI3K/Akt signaling pathway.13

In this multicenter phase II study, we examined effi-
cacy, safety, and tolerability of single-agent erlotinib in
patients with first-relapse glioblastoma, independent of
tumor EGFR amplification status, and in a subgroup
of patients with EGFR-amplified tumors. In an effort
to increase our understanding of tumor and patient
characteristics that predict therapeutic success with
anti-EGFR agents, we also evaluated response in terms
of EGFR and EGFRvIII expression and the presence of
PTEN. Since erlotinib exposure is influenced by
enzyme-inducing agents,14 we also evaluated response
in the subgroups of patients who were or were not
taking concomitant enzyme-inducing antiepileptic
drugs (EIAEDs).

Patients and Methods

Patients

Patients were ≥18 years of age with histologically con-
firmed, bidimensionally measurable (minimum 1 cm)
glioblastoma and radiographic evidence of disease pro-
gression, as assessed by the investigator and reviewed
by an independent radiology facility (IRF; RadPharm,
Inc.), according to the modified WHO criteria15,16 on
MRI or CT scan performed ≤14 days prior to the
study entry. The slides used for the original diagnosis
of glioblastoma were required for central pathologic
confirmation of histology. Patients with an original his-
tology of a lower-grade glioma and a subsequent diagno-
sis of glioblastoma were not excluded but must have
met all other eligibility requirements.

Patients were included if they had prior radiotherapy,
an Eastern Cooperative Oncology Group (ECOG) per-
formance status of 0 or 1, a life expectancy .12

weeks, and archival tissue available for determining
EGFR-amplification status and other tumor character-
istics. Patients were excluded if they had prior treatment
with an anti-EGFR agent, had been treated with more
than 1 chemotherapy regimen, had a surgical procedure
≤2 weeks prior to study entry, anticipated a major sur-
gical procedure during the study, or had unstable sys-
temic disease. If receiving corticosteroids, patients
must have been on a stable dose for ≥2 weeks prior to
MRI at screening. Patients taking EIAEDs continued to
do so throughout the study. Radiotherapy, investiga-
tional agents other than erlotinib, and chemotherapy
were not permitted during the study.

Study Design

We conducted a phase II, open-label, multicenter study
of single-agent erlotinib in patients with glioblastoma
in first relapse. Appropriate institutional review boards
approved the protocol, and all patients provided
written informed consent prior to study participation.

The primary goals of the study were to evaluate (i)
objective response (OR) to erlotinib, independent of
EGFR amplification and in a subgroup of patients
with EGFR-amplified tumors, and (ii) safety and toler-
ability of erlotinib in the study population. Additional
objectives included examining the relationship between
response and tumor characteristics, including EGFR
and EGFRvIII expression and PTEN deletion, and eval-
uating the impact of concomitant EIAEDs on response
rates.

A modified Simon 2-stage study design was used.17

During the first stage, 47 patients who had received at
least 1 dose of erlotinib, had at least 1 tumor assessment,
and whose EGFR amplification status was known were
to be evaluated. The objective of the first stage was to
determine if erlotinib had activity independent of
EGFR amplification or was active only in patients
EGFR-amplified tumors. The outcome of Stage 1 deter-
mined whether Stage 2 enrollment would include glio-
blastoma patients, independent of EGFR-amplification
status, or only those patients with EGFR-amplified
tumors. If additional patients were to be enrolled inde-
pendent of EGFR-amplification status, then in Stage 2,
an additional 63 patients would be enrolled. If Stage 2
enrollment was to be restricted to patients with
EGFR-amplified tumors, enrollment would continue
until a total of 41 EGFR-amplified patients were
enrolled during Stages 1 and 2.

Treatment

Erlotinib is primarily metabolized by CYP3A4, an
important metabolic enzyme; and serum levels of erloti-
nib are markedly decreased in patients who are taking
concomitant drugs that increase CYP3A4 activity (eg,
EIAEDs).14 Thus, the starting dose of erlotinib depended
upon whether a patient was taking EIAEDs at study
entry and was based on preliminary safety reports that
the incidence of severe diarrhea and/or cutaneous
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toxicity was unacceptably high at erlotinib doses exceed-
ing 150 mg/day, but erlotinib in patients taking EIAEDs
was well tolerated at doses up to 300 mg/day.

Patients were treated on a continuous, once daily oral
dosing schedule of 150 mg (non-EIAED subgroup) or
300 mg (EIAED subgroup) erlotinib, beginning Day 0
(ie, the first day of study drug administration). Dose
was escalated in 50 mg increments, beginning 2 weeks
after treatment initiation and completion of a toxicity
assessment, and was escalated every 2 weeks until the
appearance of rash, dose-limiting toxicity, or the
maximum allowable dose (200 mg/day for non-EIAED
patients and 500 mg/day for EIAED patients) was
reached. Patients who experienced a tolerable rash
were maintained at their current dose.

Assessments

Screening for study eligibility was performed within 28
days prior to Day 0 and included neurological and
physical examinations and laboratory, radiographic
(chest x-ray and brain MRI), and pathological assess-
ments. On Day 0, and every 4 weeks thereafter until
treatment was discontinued, patients underwent a
physical examination and ECOG performance status
evaluation, and their laboratory parameters were
assessed. Neurological evaluations and radiographic
tumor assessments were made every 8 weeks until pro-
gression. Erlotinib plasma trough concentrations were
measured at 4 and 8 weeks. Reports of adverse events
(AEs) were collected every 2 weeks during the first 8
weeks of treatment and every 4 weeks thereafter.
Patients were telephoned during treatment week 2 and
every 2 weeks thereafter to inquire if rash was present.
If a rash was symptomatic or dose limiting, the patient
came to the clinic to be assessed, and the rash was photo-
graphed. Patients were evaluated for toxicity 30 (+3)
days after discontinuing erlotinib and were followed
for survival until death or loss to follow-up.

EGFR amplification was determined by fluorescence
in situ hybridization and chromogenic in situ hybridiz-
ation. EGFR, EGFRvIII, and PTEN protein expression
was determined using the standard immunohistochem-
ical techniques.

Outcome Measures

The primary outcome measure was OR in all patients
and in a subgroup of patients with EGFR-amplified
tumors, as determined by the investigator and confirmed
by the IRF, according to the modified WHO response
criteria. To determine a complete response (CR), a
patient could not be taking corticosteroids above the
physiologic levels (ie, equivalent to 20 mg/day hydro-
cortisone). To determine a partial response (PR),
patients taking corticosteroids were required to take a
stable or lower dose relative to their dose at screening.
OR was defined as CRs and PRs that were radiographi-
cally confirmed ≥4 weeks after a response was initially
determined. In the event of a discrepancy between

investigator and IRF assessments, the IRF assessment
took precedence.

Secondary outcomes included response duration,
defined as the time from the initial CR or PR to disease
progression (.50% increase in the sum of bidimen-
sional tumor or new disease) or death, whichever
occurred first; PFS, defined as the time from the initiation
of erlotinib treatment until disease progression or death,
whichever occurred first; 6-month PFS; and survival,
defined as the time from the initiation of erlotinib treat-
ment until death. Exploratory analyses were performed
to evaluate the relationship between response and
tumor characteristics, including EGFR, EGFRvIII, and
PTEN expression. Relations between efficacy, EIAED
use, and erlotinib exposure were also explored.

PK outcome measures were the steady-state plasma
trough concentrations (Cmin) of erlotinib and its major
metabolite, OSI-420, at treatment weeks 4 and 8,
approximately 24 hours after the previous dose.

Safety outcomes included the rate, nature, and sever-
ity of AEs, graded according to the National Cancer
Institute’s Common Terminology Criteria for Adverse
Events (NCI-CTCAE v3.0),18 and changes in targeted
laboratory parameters.

Statistical Methods

All enrolled patients who received erlotinib were included
in efficacy and safety analyses. OR was summarized with
95% Blythe Still-Casella19 exact CIs for all patients and
for the EGFR-amplified subgroup. Medians and distri-
bution curves for response duration, PFS, and survival
were estimated using the Kaplan–Meier method.20

Patients who discontinued the study before undergoing a
postscreening tumor response assessment were considered
nonresponders in the OR analysis. For patients whose
disease had not progressed, response duration and PFS
were censored at the last tumor assessment date. For
patients who were alive at the time of analysis, survival
was censored at the last contact date.

A modified Simon 2-stage design21 was used to deter-
mine whether response was dependent on EGFR ampli-
fication. Since the likelihood of spontaneous response
was small, the background response rate for all patients
was assumed to be ≤3%. Response rates of ≥10% in all
patients or ≥15% in patients with EGFR-amplified
tumors were considered indicative of clinically meaning-
ful erlotinib activity. A sample of 47–110 patients was
required to achieve approximately 92% power, with
an overall type I error of approximately 5.5%.

Results

Patient Characteristics

Forty-eight patients were enrolled between July and
November 2003. Twenty-three patients (47.9%) had
EGFR-amplified tumors, and 20 (41.7%) patients were
takingEIAEDs (phenytoin, cabamazepine,oxcarbazepine)
at study entry (Table 1). Thirty-two (66.7%) patients were
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taking corticosteroids at study entry. Disease progression
was the leading reason (77.1%) for study discontinuation.
No patients were lost to follow-up.

Efficacy

At the interim analysis after Stage 1 enrollment (n ¼ 48),
the IRF confirmed 1 PR. Therefore, enrollment did not
continue in Stage 2. During the remainder of the study,
there were a total of 3 IRF-confirmed responses: 1 CR
and 1 PR in the EGFR-amplified subgroup (n ¼ 23)
and 1 PR in the non-EGFR-amplified subgroup
(n ¼ 25), for an OR rate of 6.3% (95% CI: 1.7–17.0).
The patient who had an IRF-confirmed CR enrolled
with a tumor that did not meet the minimum 1 cm
requirement. However, serial scans prior to study enroll-
ment showed the presence of a new tumor along the
resection cavity, and the IRF confirmed that this area
resolved, consistent with a CR.

There were 4 investigator-assessed responses, 3 of
which were confirmed by the IRF and 1 additional PR in
the non-EGFR-amplified subgroup, for an investigator-
assessed OR rate of 8.3% (95% CI: 2.9–18.9).

On the basis of investigator assessments, the median
response duration was 7.0 months (5.6 months for the
2 EGFR-amplified responders; 9.7 months for the 2
non-EGFR-amplified responders; Table 2). One patient
experienced a CR lasting 4.6 months, and 3 patients
experienced PRs lasting 6.6, 7.4, and 12.0 months.
Ten (43.5%) patients in the EGFR-amplified subgroup
and 6 (24.0%) patients in the non-EGFR-amplified sub-
group had stable disease (SD). Six-month PFS was

similar for the 23 EGFR-amplified (21.7%; 95% CI:
7.9–39.9) and 25 non-EGFR-amplified (18.3%; 95%
CI: 6.0–35.9) patients (Fig. 1). Median survival was
8.6 months (95% CI: 4.1–10.7) for EGFR-amplified
and 10.6 months (95% CI: 4.7–14.1) for
non-EGFR-amplified subgroups (Table 2).

Because of the effects of enzyme-inducing agents on
erlotinib exposure and, presumably, antitumor activity,
we evaluated response in terms of EIAED use.
Response rates were not statistically different for the
subgroups of patients who were taking EIAEDs and
those who were not taking EIAEDs. There was 1 PR
(5.0%) in the EIAED subgroup (n ¼ 20) and 1 CR
(3.6%) and 2 PRs (7.1%) in the non-EIAED subgroup
(n ¼ 28) (Table 2). Six (30.0%) patients in the EIAED
subgroup and 10 (35.7%) patients in the non-EIAED
subgroup had SD. Six-month PFS was 25.0% (95%
CI: 9.1–44.9) for the EIAED subgroup and 16.1%
(95% CI: 5.2–32.3) for the non-EIAED subgroup.

The relationship between response and tumor
characteristics, including EGFR expression, EGFRvIII
expression, and PTEN deletion, was evaluated (Table 3).
However, due to the small number of responses and
limited availability of tissue, no meaningful conclusions
could be drawn from the molecular subgroup analyses.

Pharmacokinetics

Erlotinib exposure was assessed in 28 patients
(non-EIAED, n ¼ 15; EIAED, n ¼ 13) with samples
taken during study weeks 4 and 8 and included patients
who remained on a low dose (150 mg for non-EIAED

Table 1. Patient baseline characteristics by EGFR amplification status

Variable EGFR amplified (n 5 23) Non-EGFR amplified (n 5 25) Total (n 5 48)

Age (yrs)

Mean (SD) 54 (9.7) 51 10.5) 52 (10.1)

Median 53 50 51

Range 38–70 37–73 37–73

Race/ethnicity (n [%])

White 20 (87.0) 24 (96.0) 44 (91.2)

Other 3 (13.0) 1 (4.0) 4 (8.4)

ECOG performance status (n [%])

0 4 (17.4) 7 (28.0) 11 (22.9)

1 19 (82.6) 18 (72.0) 37 (77.1)

Months since diagnosis

Mean (SD) 7.8 (6.2) 12.9 (27.4) 10.5 (20.2)

Median 5.0 6.7 6.3

Range 3–29 3–143 3–143

Initial surgery (n [%])

Partial resection 6 (26.1) 11 (44.0) 17 (35.4)

Complete resection 11 (47.8) 8 (32.0) 19 (39.6)

Biopsy 6 (26.1) 6 (24.0) 12 (25.0)

Radiotherapy (n [%]) 23 (100) 25 (100) 48 (100)

Prior systemic therapy (n [%]) 19 (82.6) 16 (64.0) 35 (72.9)

EIAEDs at study entry (n [%]) 10 (43.5) 10 (40) 20 (41.7)

Abbreviations: EGFR, epidermal growth factor receptor; SD, standard deviation; ECOG, Eastern Cooperative Oncology Group; EIAEDs,
enzyme-inducing antiepileptic drugs.
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patients and 300–350 mg for EIAED patients) and those
who had successfully escalated their dose (200 mg for
non-EIAED patients, up to 400–500 mg for EAID
patients; Table 4). Minimum clearance (Cmin) for the
EIAED subgroup (413.2+368.2 ng/mL) was approxi-
mately 66.0% lower than that of the non-EIAED sub-
group (1092.6+630.9 ng/mL). Dose escalations to
450–500 mg/day did not adequately compensate for
increased drug clearance in the EIAED subgroup, and
patients taking EIAEDs had less exposure to the study
drug than those who were not taking EIAEDs. The
effect of corticosteroids on erlotinib concentration was
not evaluated.22

Safety and Tolerability

Forty-six (95.8%) patients experienced at least 1 AE that
was potentially related to erlotinib. Fifteen (31.3%)
patients were reported to have experienced
NCI-CTCAE grade 3, 4, or 5 AEs that were potentially
related to the study drug. The most common study
drug-related AEs included rash (85.4%), diarrhea
(62.5%), fatigue (27.1%), dry skin, (27.1%), headache
(12.5%), exfoliative dermatitis (10.4%), and nausea
(10.4%) (Table 5). The incidence of serious (grade 3
or 4) diarrhea and rash were 4.0% and 18.8%, respect-
ively. No cases of suspected drug-related interstitial lung
disease were reported.

The incidence of serious (grade 3 or 4) AEs (SAEs)
was comparable in the EIAED (25%) and non-EIAED
subgroups (28.6%). Four SAEs reported by 3 patients
(gastrointestinal bleeding, increase in international nor-
malized ratio, sepsis, hematemesis) were considered by
the investigator to be related to erlotinib treatment.
One SAE (sepsis) led to discontinuation of erlotinib,
and 2 (increased international normalized ratio, hema-
temesis) led to temporary interruption of erlotinib.

Forty-two of the 48 (87.5%) participating patients
had died as of database lock (February 16, 2006).
Thirty deaths (70.0%) were attributed by the investi-
gator to progressive glioblastoma. Five deaths were
due to cardiac arrest, sepsis, pulmonary embolism, pneu-
monia, and respiratory failure. One death was attributed
to an SAE (sepsis) that was assessed by the investigator
to be erlotinib related.

Discussion

This phase II, open-label trial evaluated erlotinib efficacy
in unselected patients with recurrent glioblastoma.
The IRF-confirmed OR rate was 6.3%, and the best
investigator-assessed outcomes included an OR rate of
8.3%, with a median response duration of 7.0 months;
20% 6-month PFS; and median survival of 9.7
months. Thirty-three percent of the patients had SD as
their best response.

Table 2. Survival and best investigator-assessed response by EGFR amplification status and EIAED subgroup

EGFR amplified (n 5 23) Non-EGFR amplified (n 5 25) Total (n 5 48)

Patients evaluated 23 (100) 25 (100) 48 (100)

Deaths 21 (60.9) 21 (64.0) 42 (62.5)

Patients censored 2 4 6

Survival (mos)

Median 8.3 10.6 9.7

95% CI 4.1–10.7 4.7–14.1 5.9–11.6

25–75 percentile 3.7, 14.3 3.7, 17.8 3.7, 16.8

Range 0.8–24.2a 1.0–25.6a 0.8–25.6a

Response (n [%])

CR 1 (4.3) 0 1 (2.1)

PR 1 (4.3) 2 (8.0) 3 (6.3)

SD 10 (43.5) 6 (24.0) 16 (33.3)

CR + PR + SD 12 (52.2) 8 (32.0) 20 (41.7)

PD 11 (47.8) 15 (60.0) 26 (54.2)

Unknown 0 2 (8.0) 2 (4.2)

EIAED (n ¼ 20) Non-EIAED (n ¼ 28)

CR 0 1 (3.6) 1 (2.1)

PR 1 (5.0) 2 (7.1) 3 (6.3)

SD 6 (30.0) 10 (35.7) 16 (33.3)

CR + PR + SD 7 (35.0) 13 (46.4) 20 (41.7)

PD 12 (60.0) 14 (50.0) 26 (54.2)

Unknown 1 (5.0) 1 (3.6) 2 (4.2)

Abbreviations: EGFR, epidermal growth factor receptor; CI, confidence interval; CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; EIAEDs, enzyme-inducing antiepileptic drugs. Values are n (%) except where otherwise noted. No
patients were lost to follow-up. Summary statistics are based on the Kaplan–Meier curves.
aCensored observation.
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Our results are consistent with previous trials of erlo-
tinib in glioblastoma and add to a growing body of evi-
dence that erlotinib, alone or in combination with
cytotoxic agents, has limited activity in unselected
patients with glioblastoma (Table 6). SD is the most fre-
quently reported response, occurring in 13%–50% of
treated patients, suggesting that erlotinib has cytostatic
activity in glioblastoma. Other reported outcomes vary
across studies. Raizer et al.23 and Vogelbaum et al.24

evaluated efficacy of single-agent erlotinib in phase II
trials of patients with recurrent glioblastoma who were
not taking EIAEDs. The best response observed by
Raizer et al. was SD in 4 of 30 (13.3%) patients,

whereas Vogelbaum et al. reported a 50% response
rate (4 PR and 4 SD) in an interim analysis of 16
patients. In a phase I trial of erlotinib alone or in combi-
nation with TZ in patients with malignant gliomas,14

8 of 57 (14%) patients had a PR. Most recently, van
den Bent et al.25 reported the results of a phase II,
randomized trial of erlotinib versus TZ or carmustine
in patients with recurrent glioblastoma.25 The best
response observed for 54 patients who were treated
with erlotinib (9 of whom were taking EIAEDs) was
PR in 2 (3.7%) patients and SD in 9 (16.7%) patients.
Six-month PFS was 11.4%, median PFS was 1.8
months, and OS was 7.7 months. Six-month PFS was
greater in the TZ/carmustine group (24.1%), whereas
median PFS, median OS, 6-month OS, and 1-year OS
were similar across treatment groups. In another recent
phase II study, de Groot et al.26 evaluated erlotinib in
combination with carboplatin in 43 patients with recur-
rent glioblastoma who were not taking EIAEDs. A PR
was observed in 1 (2.3%) patient, and 20 (47%) patients
had SD. Median PFS was 2.1 months, 6-month PFS was
14%, and median survival was 6.9 months. As carbopla-
tin and TZ have been shown to have activity in glioblas-
toma,4,27 it is notable that survival values were superior
when erlotinib was administered as a single-agent com-
pared with when it was combined with those cytotoxic
agents. This suggests that concomitant chemotherapy
may have an antagonistic effect on erlotinib.26 On the
other hand, Sathornsumetee et al.28 reported 24%
6-month PFS and a radiographic response in 12 of 25
(48%) patients with recurrent glioblastoma who were
treated with erlotinib in combination with bevacizumab
(Avastin; Genentech, Inc.), a monoclonal antibody
against the vascular endothelial growth factor receptor.

Previous studies of gefitinib activity in glioblas-
toma12,29,30 have reported response rates similar to those
reported in erlotinib studies, and event-/progression-free
and overall survival values have not exceeded those of his-
torical controls. It is notable that despite the small number
of responses observed in the present study, 6-month PFS
and median survival values reached or exceeded historical
values forpatientsundergoingchemotherapy for recurrent
glioblastoma.2

Although erlotinib and gefitinib appear to have some
activity in patients with recurrent glioblastoma, neither
the present study nor any of the previous, cited studies
included a control group; thus, any benefits attributable
to anti-EGFR therapy cannot be unequivocally

Fig. 1. Survival analyses. PFS (A) and overall survival (B) for all

randomized patients were analyzed with the Kaplan–Meier

methods.

Table 3. Response by tumor characteristics

Outcome EGFR (FISH) EGFR (IHC) EGFRvIII PTEN

Positive
(n 5 23)

Negative/unknown
(n 5 25)

Positive
(n 5 15)

Negative
(n 5 20)

Positive
(n 5 24)

Negative
(n 5 19)

Wild type
(n 5 23)

Deletion
(n 5 14)

CR + PR 8.7 8.0 13.3 5.0 8.3 5.3 13.0 0

CR + PR + SD 52.2 32.0 60.0 30.0 37.5 42.1 39.1 50.0

6-Month PFS 21.7 18.3 26.7 10.0 20.8 15.8 13.0 21.4

Abbreviations: EGFR, epidermal growth factor receptor; FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; CR,
complete response; PR, partial response; SD, stable disease; PFS, progression-free survival. Values are the percentage of evaluated
patients. P . .05 for all comparisons.
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determined. It may be that the responses observed in the
present study were due to patient characteristics, includ-
ing the degree of disease progression at enrollment, per-
formance status, and previous treatment. Thus, it will be
important to determine the patient and/or tumor
characteristics that are associated with response to
EGFR inhibitors. To that end, de Groot et al.26 deter-
mined that KPS, extent of resection, and the number of
prior regimens were associated with response to erloti-
nib; and Rich et al.12 reported that the presence of diar-
rhea during gefitinib therapy was a positive predictor for
overall survival, whereas the development of skin tox-
icity during therapy and extent of resection were associ-
ated with event-free survival. Van den Bent et al.25 also
reported that skin toxicity of grade 2 or greater was
associated with prolonged PFS and OS. In the present

study, survival might have been biased due to next-line
treatment following progression; however, we are
unable to address that possibility, as information on sub-
sequent treatment was not collected.

Pseudoprogression is a concern for all clinical trials
conducted in the setting of recurrent disease and may
have influenced OR rates in the present study. There are
currently no accepted criteria to absolutely rule in or
rule out pseudoprogression. Notably, all on-study scans
were independently reviewed, and investigator-evaluated
responses were confirmed by the independent facility.

Response was not associated with EGFR amplifica-
tion in this study. This is consistent with previous
reports10,31 and indicates that EGFR amplification is
neither sufficient nor necessary for erlotinib activity in
glioblastoma. It is likely that EGFR amplification and
other EGFR and/or tumor characteristics interact to
sensitize tumors with anti-EGFR therapies. For instance,
in one study of patients with recurrent glioblastoma,11

those with tumors that coexpressed EGFRvIII and
wild-type PTEN were the most likely to respond to
EGFR inhibitors; and the activation of the PKB/AKT
pathway was associated with resistance to erlotinib.10

Neither did EGFR expression appear to be necessary
or sufficient for response to erlotinib. For instance,
we observed cases in which immunohistochemically
EGFR-negative patients demonstrated a response or
disease stabilization. This finding is consistent with
other studies and emphasizes that there are other, uni-
dentified factors or compensatory signals that affect
response to single-agent erlotinib.

Molecular characteristics have been associated with
sensitivity to anti-EGFR therapies in other tumor

Table 4. Erlotinib dose by EIAED group

EIAED (n 5 20) Non-EIAED (n 5 28) Total (n 5 48)

Total dose (g)

Mean (SD) 31.0 (34.4) 15.8 (20.2) 22.1 (27.8)

Median 19.0 10.4 13.2

Range 3.0–147.0 2.9–107.1 2.90–147.0

Daily dose (mg)

Mean (SD) 337.4 (59.8) 168.7 (19.2) 239.0 (93.4)

Median 300.0 169.7 188.0

Range 300–477 125–198 125–477

Days on study drug

Mean (SD) 82.5 (70.7) 91.0 (103.0) 87.4 (90.2)

Median 57.5 56.5 57.0

Range 10–308 18–540 10–540

Highest dose (mg; n [%])

500 3 (15.0) n/a 3 (6.3)

450 2 (10.0) n/a 2 (4.2)

400 1 (5.0) n/a 1 (2.1)

350 2 (10.0) n/a 2 (4.2)

300 12 (60.0) n/a 12 (25.0)

200 n/a 18 (64.3) 18 (37.5)

150 n/a 10 (35.7) 10 (20.8)

Abbreviations: EIAED, enzyme-inducing antiepileptic drug; SD, standard deviation; n/a, not analyzed.

Table 5. Incidence of potentially drug-related adverse events
occurring in ≥10% of patients by EIAED subgroup according to
MedDRA system organ class and preferred terminology

Event (n [%]) EIAED
(n 5 20)

Non-EIAED
(n 5 28)

Total
(n 5 48)

Gastrointestinal disorders

Diarrhea 10 (50.0) 20 (71.4) 30 (62.5)

Nausea 0 5 (17.9) 5 (10.4)

Fatigue 7 (35.0) 6 (21.4) 13 (27.1)

Headache 1 (5.0) 5 (17.9) 6 (12.5)

Skin/subcutaneous
tissue disorders

19 (95.0) 24 (85.7) 43 (89.6)

Abbreviations: EIAED, enzyme-inducing antiepileptic drug; SD,
standard deviation.
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types. For example, mutations in exons 19–21 of the
EGFR tyrosine kinase domain are associated with
response to EGFR inhibitors in non-small-cell lung
cancer (NSCLC).32,33 Molecular analyses have failed
to reveal the mutation in glioblastoma,31,34 which may
account for the decreased sensitivity to EGFR inhibitors
in glioblastoma. Mutations in the RAS oncogene
increase RAS signaling and tumorigenicity and are
associated with resistance to anti-EGFR therapies in
NSCLC and colorectal cancer.32,35–37 Higher levels of
activated RAS have been observed in glioblastoma speci-
mens compared with normal brain tissue or low-grade
gliomas.8 Thus, RAS mutations may confer resistance
to anti-EGFR therapies in glioblastoma. In the present
study, the expression of EGFR, EGFRvIII, and PTEN
protein alone was not associated with response. Our
ability to draw meaningful conclusions from histological
analyses was restricted by the small number of responses
and limited availability of tissue.

PK analysis demonstrated that patients who were
taking EIAEDs had limited exposure to erlotinib,
with trough concentrations one-third the level of
non-EIAED patients and what was anticipated based
on historical controls. Although the protocol mandated
that dose escalation was to continue until the develop-
ment of intolerable rash or dose-limiting toxicity, dose
escalation was accomplished in only a small minority
of patients in the EIAED subgroup. The slow escalation
schedule may have accounted for tumor progression
prior to the development of skin toxicity and, hence,
the failure to achieve high plasma drug levels. The poten-
tial confounder of inadequate dosing could be elimi-
nated from future studies by including only patients
who do not require EIAEDs. This is feasible now that
antiseizure medication that does not affect CYP3A4,
an important metabolic enzyme, is available.

The nature and incidence of AEs were consistent with
the previous evaluations of erlotinib38–40 and other
anti-EGFR agents.41 Rash and diarrhea were the most
commonly reported AEs and likely resulted from
anti-EGFR activity in normal EGFR-expressing tissue.
No new drug-related safety issues were identified.

In summary, single-agent erlotinib had limited
activity in recurrent glioblastoma. However, despite
the limited number of responses observed and the com-
promised levels of erlotinib exposure in the EIAED sub-
group, 6-month PFS and median survival in first-relapse
glioblastoma patients treated with erlotinib reached
or exceeded historical PFS and survival values for
patients undergoing chemotherapy for recurrent
glioblastoma.2–4 The challenge for future studies is to
identify clinical and disease characteristics that sensitize
glioblastoma tumors to anti-EGFR therapies and select
patients who would derive the greatest benefit from erlo-
tinib alone or in combination with other therapies.
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