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Vascular endothelial growth factor (VEGF) and epider-
mal growth factor receptor (EGFR) signaling are estab-
lished contributors to malignant glioma (MG) biology.
We, therefore, evaluated bevacizumab, a humanized
anti-VEGF monoclonal antibody, in combination with
the EGFR tyrosine kinase inhibitor erlotinib, in this
phase 2 study for recurrent MG patients (www.
ClinicalTrials.gov, NCT00671970). Fifty-seven patients
(mn =25, glioblastoma [GBM]; # = 32, anaplastic
glioma [AG]) were enrolled. The primary endpoint
was 6-month progression-free survival (PFS-6). Overall
survival (OS), radiographic response, pharmacokinetics,
and correlative biomarkers were the secondary end-
points. Patients were stratified based on the concurrent
use of enzyme-inducing antiepileptic drugs (EIAEDs).
Bevacizumab (10 mg/kg) was given intravenously
every 2 weeks. Erlotinib was orally administered daily
at 200 mg/day for patients not on EIAEDs and
500 mg/day for patients on EIAEDs. PFS-6 and
median OS were 28% and 42 weeks for GBM patients
and 44% and 71 weeks for AG patients, respectively.
Twelve (48%) GBM patients and 10 (31%) AG patients
achieved a radiographic response. Erlotinib pharmaco-
kinetic exposures were comparable between EIAED
and non-EIAED groups. Rash, mucositis, diarrhea, and
fatigue were common but mostly grades 1 and
2. Among GBM patients, grade 3 rash, observed in
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32%, was associated with survival benefit, whereas elev-
ated hypoxia-inducible factor-2 alpha and VEGF recep-
tor-2 levels were associated with poor survival.
Bevacizumab plus erlotinib was adequately tolerated in
recurrent MG patients. However, this regimen was
associated with similar PFS benefit and radiographic
response when compared with other historical bevacizu-
mab-containing regimens.
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alignant glioma (MG), a highly lethal,
I\ / I common primary adult brain tumor, remain
a major therapeutic challenge. Overall survival
(OS) of World Health Organization (WHO) classified
grade 3 (anaplastic glioma [AG]) and grade 4 (glio-
blastoma [GBM]) MG is 2-5 vyears and 12-15
months, respectively, despite multimodality therapy.'
Historically, salvage therapies are ineffective, with
6-month progression-free survival (PFS-6) rates of
28%-31% for AG and 15%-16% for GBM.”™*
Angiogenesis, driven predominantly by vascular
endothelial growth factor (VEGF), is markedly upregu-
lated in MG.’ Bevacizumab (Avastin®, Genentech-
Roche), a monoclonal antibody against VEGF, was
granted accelerated approval by the US Food and Drug
Administration (FDA) for progressive GBM based on
durable radiographic responses.®’” Bevacizumab + che-
motherapy has also demonstrated encouraging antitu-
mor benefit for recurrent AG patients.®~°
Amplification of the epidermal growth factor recep-
tor (EGFR) gene occurs in approximately 40% of
GBMs,'">!? and EGFR is overexpressed in many MGs
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independent of amplification status.'>'* Dysregulation
of cell signaling pathways associated with EGFR acti-
vation contributes to GBM proliferation, survival, and
angiogenesis.'>'®  Erlotinib  (Tarceva®, OSI-774;
Genentech-Roche), a reversible kinase inhibitor of
EGFR, has undergone clinical testing in MG. In a
recent randomized phase II trial of erlotinib vs temozo-
lomide (TMZ) or carmustine among recurrent GBM
patients, PFS-6 was only 11.4% in the erlotinib group,
compared with 24% in the TMZ and carmustine
groups.'” Additional phase II trials of reversible EGFR
inhibitors have demonstrated similar results with no
impact on PFS or OS rates.'®=2° Taken together, these
data suggest that erlotinib monotherapy has no appreci-
able antiglioma activity among unselected patients.
Strategies such as enriching trial populations for patients
more likely to respond, evaluating potentially more
effective agents such as irreversible inhibitors, or combi-
nations with other targeted therapeutics may be needed
to improve clinical benefit.

Dual targeting of EGFR and VEGFR signaling by
multitargeted kinase inhibitors such as vandetanib
(Zactima™, AstraZenaca) demonstrates antiglioma
efficacy in preclinical models in which EGFR monother-
apy was ineffective.”! Furthermore, preclinical studies of
cell lines and xenografts have identified compensatory
activation of the VEGF pathway as a prominent tumor-
related resistance mechanism to EGFR inhibitors.***
We therefore hypothesized that a combinatorial
regimen designed to concurrently inhibit VEGF and
EGFR signaling would be associated with significant
antitumor benefit among recurrent MG patients. Our
study is the first to evaluate such a regimen in this
patient population.

Methods

Patient Eligibility

Patients with recurrent WHO grade III (anaplastic astro-
cytoma, oligodendroglioma, oligoastrocytoma or pleo-
morphic xanthoastrocytoma) or WHO grade IV MG
(GBM or gliosarcoma) who met the following criteria
were eligible: age >18 years; >4 weeks from craniotomy
(1 week for biopsy), prior radiotherapy, or chemother-
apy (6 weeks for a nitrosourea); Karnofsky performance
status (KPS) score >60; and adequate hematologic,
hepatic, and renal function. Key exclusion criteria
included: prior therapy with bevacizumab or EGFR
inhibitor; greater than 3 prior recurrences; evidence of
CNS hemorrhage; concurrent therapeutic anticoagula-
tion; significant intercurrent illness; another primary
malignancy that required treatment within 1 year;
history of myocardial infarction or stroke within 6
months; or urine protein to creatinine ratio >1.

Study Design and Treatments

This open-label phase II study was conducted at
Duke University Medical Center (ClinicalTrials.gov:

NCT00671970) following the institutional review
board approval. Bevacizumab (10 mg/kg) was adminis-
tered intravenously every 2 weeks. Erlotinib was orally
administered, once daily for each 42-day treatment
cycle at 200 mg/day for patients not on CYP3A4
enzyme-inducing antiepileptic drugs (EIAEDs: pheny-
toin, phenobarbital, primidone, carbamazepine, and
oxcarbazepine) and 500 mg/day for patients on
EIAED:s as established previously.** Treatment was con-
tinued until progressive disease (PD) or unacceptable
toxicity. Dose modification followed previously pub-
lished guidelines (Supplementary Methods). The
Macdonald criteria®® were the basis for response classi-
fication. In addition, changes noted on T2 and fluid-atte-
nuated inversion recovery (FLAIR) sequences were also
incorporated in the determination of radiographic
response. Specifically, patients were classified as either
a complete or partial response only if the T2 and
FLAIR sequences were at least stable. Patients were
also defined as progressive if they had significant worsen-
ing of T2 or FLAIR sequences, regardless of changes
with contrast enhancement.

Pharmacokinetic Analysis

Pharmacokinetic studies of erlotinib and its active
metabolite, OSI-420, were performed as described pre-
viously.”* Plasma samples were collected on days 1
and 42 of cycle 1 before treatment and at 0.5, 2, 6, 8,
and 24 hours after erlotinib administration. These data
were analyzed by noncompartmental analysis using the
WinNonlin® Pro V.5.2 program (Pharsight).

Tumor Biomarker Study

Immunohistochemical staining of paraffin-embedded
tumor samples from GBM patients obtained at original
diagnosis was performed as previously described for
various biomarkers including VEGF, carbonic anhy-
drase (CA)-9, hypoxia-inducible factor-2 alpha
(HIF-2A), O°®-methylguanine-DNA methyltransferase
(MGMT), EGFR (wild-type), EGFR-vIII, phosphatase
and tension homolog (PTEN), phosphorylated S6
(pS6), phosphorylated AKT (pAKT), phosphorylated
mitogen-activated protein kinase (pMAPK), CD31,
and VEGF receptor-2 (VEGFR-2).>%%*” Expression of
each marker was scored as previously described by a
neuropathologist (R.E.M.), who was unaware of
patient treatment status or response.

Statistical Considerations

The primary objective of this single-stage phase II study
was to evaluate the PFS-6 rate. Previous meta-analyses
demonstrated that PFS-6 is an adequate indicator of
antitumor benefit for salvage GBM clinical trials.”**
With Yung et al.”® reporting a PFS-6 of 21% (95% con-
fidence interval [CI], 13%-29%) among GBM patients
treated at first relapse with TMZ, a sample size of 25
recurrent GBM patients was chosen to differentiate
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between a 5% and a 25% PFS-6 rate with type I and II
error rates of 0.034 and 0.10, respectively. Yung
et al.*? also reported a PFS-6 of 46% (95% CI, 38% -
54%) for recurrent AG patients. With some patients in
the targeted patient population having more than 1
relapse, an accrual goal of 32 recurrent AG patients
was planned to differentiate between PFS-6 of 20%
and 40% with type I and II error rates of 0.09 and
0.12, respectively. Of note, the benchmark set by
TMZ was chosen as the historical comparator for our
study rather than outcome reported on prior bevacizu-
mab studies because the latter had not been reported
or validated in a multi-institutional setting when this
study was designed.’”

PFS was defined as the time between treatment
initiation and first occurrence of disease progression or
death; PFS was censored at last follow-up if the patient
remained alive without disease progression. OS was
determined from the time of treatment initiation until
the time of death, with OS being censored at last
follow-up if the patient remained alive. The Kaplan-
Meier curves were used to graphically describe PFS
and OS and to estimate the median and 6-month
estimates.

For pharmacokinetic comparisons between patients on
and not on EIAEDs, a #-test was used. Results were con-
firmed using the nonparametric Wilcoxon rank-sum test.

The Cox proportional hazard model was used to
explore the individual effect of age, KPS, and biomarker
status on OS and PFS. For continuous biomarkers
(CD31, VEGF, and VEGFR-2), hazard ratios are
reported, with a 95% CI, that represent the effect of
a 10- or 20-unit increase in the biomarker. For categori-
cal biomarkers (CA-9, HIF-2A, EGFR, EGFR-vIII,
PTEN, pS6, pAKT, pMAPK, and CD31), hazard
ratios were reported comparing the expression level of
each biomarker to the others. However, no adjustment
for multiple testing was done given the exploratory
nature of the analyses. The Kaplan-Meier method
was used to describe OS and PFS within patient sub-
groups defined by these predictors. To estimate the
effect that biomarkers had on the dichotomous out-
comes of PFS-6, 1-year survival, and response,
Fisher’s exact test was used for the categorical predic-
tors and the Wilcoxon rank-sum test was used for con-
tinuous biomarkers. Statistical analysis was performed,
and graphs were generated with a SAS program (SAS
Institute). P-values of <.05 were considered statistically
significant.

Role of the Funding Source

Funding was provided to support study conduct and for
bevacizumab and erlotinib treatments. The sponsors had
no role in study conduct, data collection, analysis
(except for performance of erlotinib pharmacokinetic
measurements), interpretation, or manuscript prep-
aration. The corresponding author had full access to
all study data and final responsibility to submit for
publication.

1302 NEURO-ONCOLOGY * DECEMBER 2010

Results

Patient Characteristics

Between February 2007 and May 2008, 25 patients with
recurrent GBM and 32 patients with recurrent AG were
enrolled in this study (Table 1). All patients had measur-
able disease on MRI at enrollment. Eighty-eight percent
of GBM patients and 81% of AG patients had a KPS
score of 80 or higher. All patients had undergone radi-
ation therapy and all but 2 patients (with AG) had
received prior TMZ treatment. Of note, this study was
designed prior to wide awareness of radiographic “pseu-
doprogression” that occurs most frequently within

Table 1. Patients characteristics (N = 57)

Tumor grade WHO grade 3 WHO grade 4

(AG; n=32) (GBM; n=25)
Age
Median 47.5 52.4
Range 26.0-72.2 24.1-70.4
Gender
Male 24 (75%) 13 (52%)
Female 8 (25%) 12 (48%)
Histology
GBM 25 (100%)
Anaplastic astrocytoma 24 (75%)
Anaplastic 7 (22%)
oligodendroglioma
Pleomorphic 1 3B%)
xanthoastrocytoma with
anaplastic features
KPS
90-100 16 (50%) 14 (56%)
80-89 10 (31%) 8 (32%)
70-79 6 (19%) 3(12%)
Time from diagnosis, median 71 34
(wks)
Range (1-450) (2-149)
Prior episodes of progression
1 19 (59%) 13 (52%)
2 6 (19%) 9 (36%)
3 7 (22%) 3(12%)

Prior radiotherapy 32 (100%) 25 (100%)

Number of prior chemotherapies

1 17 (53%) 10 (40%)
2 11 (34%) 7 (28%)
3 4 (13%) 4 (16%)
>4 0 4 (16%)
Concurrent medications
EIAED 11 (34%) 10 (40%)
Non-EIAED 15 (47 %) 8 (32%)
No AED 6 (19%) 7 (28%)
Corticosteroids 11 (34%) 17 (68%)

Abbreviations: AG, anaplastic glioma; EIAED, enzyme-inducing
antiepileptic drug; GBM, glioblastoma; KPS, Karnofsky
performance status.
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Table 2. Summary of outcome by histological grade

Tumor grade

WHO grade 3 (AG; n = 32)

WHO grade 4 (GBM; n = 25)

Number of evaluable patients
Number of patients enrolled >3 months postradiotherapy
Follow-up (wks), median (95% Cl)
Six-month PFS (%), median (95% Cl)

All patients

Patients enrolled >3 months postradiotherapy
PFS (wks), median (95% CI)

All patients

Patients enrolled >3 months postradiotherapy
OS (wks), median (95% Cl)

All patients

Patients enrolled >3 months postradiotherapy
Radiographic response

Complete (%)

Partial (%)

Stable disease (%)

Progressive disease (%)

Not evaluable (%)

32 24
32 20
103 (91.7-127.9) 141.8 (141-142.6)

43.8 (26.5-59.8)
43.8 (26.5-59.8)

29.2 (13.0-47.6)
26.3 (9.6-46.8)

23.4 (18.1-36.1)
23.4 (18.1-36.1)

18 (12.0-23.9)
17 (11.9-23.9)

71.3 (44.7-123.6)
71.3 (44.7-123.6)

44.6 (28.4-68.7)
42.4 (28.4-55.1)

13) 14

9 (28) 11 (46)
14 (44) 10 (42)
7(22) 2(8)
13) 0(0)

Abbreviations: Cl, confidence interval; OS, overall survival; AG, anaplastic glioma; GBM, glioblastoma; PFS, progression-free survival.

3 months of completing radiotherapy and concurrent
TMZ.?' Five GBM patients enrolled within this time
frame, whereas all others enrolled greater than 12
weeks from completing radiotherapy with concurrent
TMZ. Patients were significantly pretreated with 48%
and 41% of GBM and AG patients, respectively, enrol-
ling at either 2nd or 3rd progression. Sixty percent of
GBM patients and 47% of AG patients received 2 or
more prior chemotherapeutic agents.

Efficacy

A total of 145 and 90 cycles were administered to GBM
and AG patients, respectively. The median follow-up
time for GBM was 142 weeks and that for AG was
103 weeks. The PFS-6 and radiographic response rates,
as well as PFS and OS data, are summarized in Table 2
and Fig. 1. There were no significant differences in OS
and PFS between patients on EIAEDs and those not on
EIAEDs (Supplementary Material, Fig. SA). Upon the
exclusion of 5 GBM patients, who may have had “pseu-
doprogression,” that is, enrolled less than 3 months
postradiotherapy, the PFS and OS rates of the remaining
patients were not significantly different from those of all
patients (Table 2).

All 32 patients were evaluated for outcome assess-
ment. Twelve (48%) GBM and 10 (31%) AG patients
experienced radiographic (complete and partial)
responses (Fig. 2 and Supplementary Material, Fig.
SB). Radiographic responses were associated with sig-
nificant prolongation of PFS but not OS in GBM patients
(Fig. 3A and C), whereas they were associated with
benefit in both PFS and OS in patients with AG
(Fig. 3B and D).

Four (24%) of 17 GBM patients who were on dexa-
methasone at study initiation discontinued it during
the study, 6 (35%) patients were able to reduce their
doses, and 7 (41%) patients continued on the same
dose. Four (36%) of 11 AG patients discontinued dexa-
methasone, 4 (36%) patients were able to reduce their
doses, 1 (9%) patient continued on the same dose, and
2 (18%) patients increased their doses during the
study. Two GBM patients and 2 AG patients required
dexamethasone initiation during study therapy for
symptom treatment.

Toxicity

Treatment-related toxicities are listed in Table 3.
Common side effects, including rash (93%), diarrhea
(57%), and fatigue (66%), were mainly grade 1 or 2;
however, 22 (39%) patients developed grade 3 rash.
Eighteen patients (31.5%) required erlotinib dose
reduction including 12 on EIAEDs (57%) and 6 not on
EIAEDs (17%). Reasons for dose reduction included
rash (n=12), diarrhea (n=4), hypophosphatemia
(n = 1), and thrombocytopenia (n = 1).

Bevacizumab was held in only 1 patient during the
study and was resumed after 4 weeks upon the resol-
ution of proteinuria to retreatment criteria. Eight
(14%) patients (2 GBMs and 6 AGs) discontinued
study therapy due to toxicity, including 2 patients
with persistent rash (grade 3), and single patients with
ischemic stroke (grade 4), CNS hemorrhage (grade 1),
GI perforation (grade 3), GI hemorrhage (grade 3),
hypophosphatemia (grade 3), and wound infection
(grade 3).
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Fig. 1. PFS and OS. (A) PFS of GBM patients. (B) PFS of AG patients. (C) OS of GBM patients. (D) OS of AG patients.

Pharmacokinetics

Pharmacokinetic studies of erlotinib were performed in
22 GBM npatients (Table 4 and Supplementary
Material, Fig. SC). Our results confirm previously
described interpatient variability among MG patients
receiving erlotinib.>* Erlotinib exposures were compar-
able between EIAED (erlotinib 500 mg/day) and
non-EIAED (erlotinib 200 mg/day) groups as demon-
strated by similar AUC_54 levels (P = .9) despite mark-
edly increased clearance among patients on EIAED (P =
.004). The C,,.x and AUC,_»4 levels of OSI-420, an erlo-
tinib metabolite, were significantly higher in the EIAED
group (P <.05). Furthermore, the ratio of OSI-420
AUCy_»4 to erlotinib when 500 mg/day of erlotinib
was coadministered with EIAED (33%) was higher
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than that when 200 mg/day of erlotinib was adminis-
tered without EIAED (9%).

Pattern of Failure

All GBM patients developed PD, including 23 based on
radiographic criteria and 2 with a significant clinical
decline who did not undergo MRI evaluation at study dis-
continuation. Local progression with both increased
gadolinium-enhanced T1 weighted signal as well as T2/
FLAIR abnormalities was noted in 20 (87%) patients.
Single patients (4%) had local progression only on T2/
FLAIR sequences, or distant progression with local
disease control or synchronous local progression with a
new distant site (Supplementary Material, Table S1).
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FLAIR

Two cycles of
bevacizumab/erlotinib

Pretreatment

Fig. 2. Representative radiographic response associated with
bevacizumab and erlotinib in recurrent GBM.

Thirty (94%) of 32 AG patients experienced radio-
graphic progression. Two patients (6%) completed
study therapy and remain progression-free as of
December 2009. At study failure, all patients had evi-
dence of local radiographic progression and 1 patient
also developed a new synchronous site of disease.
Thirteen (43%) patients had progression only on T2/
FLAIR sequences (Supplementary Material, Table S1).

Salvage Treatments Following Progression

Seventeen (71%) of 24 patients with GBM received
salvage therapy (Supplementary Material, Table S2).
None of these patients achieved a radiographic response.
Six (35%) of 17 GBM patients treated with bevacizumab-
containing regimens as their first salvage therapy
achieved a median PFS of 12 weeks, including 3 patients
with stable disease (SD) for 15 (bevacizumab + irinote-
can and metronomic TMZ), 36, and 48 (bevacizumab +
irinotecan) weeks. Eleven GBM patients who received
nonbevacizumab salvage regimens achieved a median
PFS of 8 weeks. Ten GBM patients received second
salvage treatments, including 8 (80%) patients treated
with an additional bevacizumab-containing regimen.
Four of these patients (1 bevacizumab alone and 3
bevacizumab + irinotecan) experienced SD as their best
response with a median PFS of 26 weeks. Four patients
received third bevacizumab-containing salvage regimens
with PD as their best response.

Twenty-five (78%) of 32 patients with AG received
salvage treatment following progression on study
(Supplementary Material, Table S2). Thirteen patients
received bevacizumab-containing regimens with a
median PFS of 13 weeks. Seven patients (2
bevacizumab + metronomic TMZ, 2 bevacizumab + iri-
notecan, 2 bevacizumab + irinotecan + carboplatin,

and 1 bevacizumab + etoposide) had SD and 6 patients
had PD as their best responses. Twelve patients received
nonbevacizumab salvage regimens with a median PFS
of 33.6 weeks. Ten patients received second salvage
therapies. Eight of these patients received bevacizumab-
containing regimens with a median PFS of 15.1 weeks,
whereas 2 patients received nonbevacizumab regimens
with a median PFS of 19 weeks.

Clinical Predictors of Therapeutic Benefit

In the GBM cohort, patients with a KPS of less than 90
had a 2.9 times greater risk of progression than patients
with a KPS of 90 or higher (Wald x*, P = .029), whereas
neither age (>50 or <50) nor multifocal disease
(Supplementary Material, Fig. SE) was associated with
either PES or OS.

Interestingly, GBM patients who developed grade 3
rash and AG patients who developed hypertension
achieved significantly longer PFS, when compared with
patients on each arm who did not develop these toxici-
ties (Supplementary Material, Fig. SD). Diarrhea was
not associated with outcome.

Tumor Biomarker Profile

Tumors from 22 (out of 24) GBM patients underwent
immunohistochemical staining to identify potential bio-
markers of response or survival benefit (Fig. 4 and
Supplementary Material, Table S3). Among the 22
patients included in this analysis, median OS was 44.6
weeks and median PFS was 18.6 weeks. Thirty-two
percent (95% CI: 14%—51%) remained progression-free
for at least 6 months, 36% (95% CI: 17%-56%) lived
for at least 1 year after initiating treatment, and 55%
(95% CI: 32%-76%) experienced complete or partial
response. MGMT expression was not associated with
response or survival benefit. Patients with positive par-
enchymal HIF-2A had 2.7 times greater risk of death
and 2.5 times greater risk of progression than patients
with negative parenchymal HIF-2A (OS: P = .058; PFS:
P =.077). Patients with positive pS6 had a 3.4 times
greater risk of progression compared with patients with
negative pS6 (P =.05). Patients with lower values for
VEGFR-2 were more likely to survive more than 1 year
than those with high values of VEGFR-2 (P =.0079;
Supplementary Material, Table S3). Results from the
Cox model predicting OS with VEGFR-2 expression
support this result: every 20-point increase in the
VEGFR-2 score was associated with a 1.3-fold increased
risk of death (P = .021; Table 3).

Discussion

To our knowledge, we provide the first report of the com-
bination of an EGFR inhibitor, erlotinib, with bevacizu-
mab in patients with recurrent/progressive MG.
Although we show that the combination of bevacizumab
and erlotinib has activity, we observed PFS-6 and radio-
graphic response rates that were comparable or inferior
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Fig. 3. PFS and OS stratified by response. (A) PFS of GBM patients. (B) PFS of AG patients. (C) OS of GBM patients. (D) OS of AG patients.

to other bevacizumab-containing salvage regimens
(Supplementary Material, Table S4). Of note, the addition
of EGFR monoclonal antibodies to bevacizumab plus che-
motherapy also yielded unexpectedly poor outcome com-
pared with bevacizumab plus chemotherapy among
colorectal cancer patients.’>*? The mechanism underlying
a potentially detrimental interaction between EGFR and
VEGEF therapeutics is unclear but did not appear to be
due to increased toxicity and decreased treatment dose
intensity in these studies. Similarly, the adverse event
profile observed on our study, with the exception of
grade 3 rash, was similar to that reported with other bev-
acizumab salvage regimens for recurrent MG
patients.®”>***  Furthermore, only 14% of patients
required erlotinib dose reduction and 3% required

1306 NEURO-ONCOLOGY * DECEMBER 2010

treatment discontinuation due to this complication. In
addition, GBM patients who developed grade 3 rash had
better PFS compared with those who did not. This may
reflect possible enhanced activity for both efficacy and tox-
icity when bevacizumab is combined with erlotinib in
some patients. However, an alternative explanation is
that many GBM patients progressed early and thus did
not stay on study long enough to develop severe rash. In
any case, it is unlikely that decreased treatment dose inten-
sity due to erlotinib toxicity contributed to poor outcome
on our study. Further preclinical studies are needed to elu-
cidate potential mechanisms of in vivo interaction between
EGEFR inhibitors and bevacizumab.

One explanation for the frequency of grade 3 rash
observed on our study is that higher administered
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Table 3. Treatment-related toxicities (N = 56)

Toxicity Grade 1 or 2 Grade 3 Grade 4
n Percent n Percent n Percent
Rash 30 54 22 39 O 0
Mucositis 15 27 0 0 O 0
Diarrhea 26 46 6 M 0 0
Hypertension 21 38 0 0O o0 0
Fatigue 28 50 9 16 1 2
Abnormal liver 12 21 2 4 0 0
functions
Leukopenia 7 13 0 0O O 0
Anemia 8 14 1 2 0 0
Thrombocytopenia 4 7 2 4 0 0
Nausea/vomiting 15 27 5 9 0 0
Hyponatremia 5 9 1 2 0 0
Hypokalemia 9 16 1 2 0 0
Hypophosphatemia 1 2 2 4 0 0
Proteinuria 4 7 0 0o O 0
Infection 6 11 6 11 0 0
CNS hemorrhage 1 2 0 0O O 0
Ischemic stroke 0 0 0 0o 1 2
Deep venous 0 0 1 2 0 0
thrombosis
Pulmonary 0 0 1 2 1 2
embolism
Gl perforation 0 0 1 2 0 0
Nasal septal 0 0 1 2 0 0
perforation
Bacterial meningitis 0 0 0 0o 1 2
Bleeding 5 9 1 2 0 0
Avascular necrosis 0 0 1 2 0 0
Wound dehiscence 0 0 1 2 0 0

erlotinib doses, which were based on a prior phase 1/II
trial of erlotinib in MG,** may have contributed.
Nonetheless, our pharmacokinetic data do not support
higher erlotinib exposures when compared with pre-
vious clinical trials.** Alternatively, bevacizumab may
potentiate  toxicity and/or delay healing of
erlotinib-associated rash.

Pharmacokinetic analyses did not demonstrate differ-
ences in erlotinib exposure between EIAED and
non-EIAED groups. Survival and toxicity rates were
also similar between these 2 groups. The ratio of
AUC_,4 of OSI-420 to erlotinib in the EIAED group
was significantly higher than that in the non-EIAED
group. This confirmed previous findings and likely rep-
resents a decrease in the erlotinib level due to increased
OSI-420 metabolism induced by EIAED.** In addition,
our study demonstrates that bevacizumab did not
impact erlotinib or OSI-420 levels when compared
with historical data with erlotinib monotherapy in recur-
rent MG patients.”*

OS on our study was comparable with that reported
for other bevacizumab-containing regimens. Eleven
(46%) of 24 GBM patients received bevacizumab-
containing regimens as salvage treatment after

on-study progression (Supplementary Material, Table
S3). Of note, 6 of these 11 patients (54%), all of
whom received chemotherapy with bevacizumab as sub-
sequent salvage therapy, experienced SD as their best
responses for more than 6 months. This finding contrasts
with results of recent studies, which demonstrate a
median PFS of 2 months or less among GBM patients
treated with additional bevacizumab-based therapy fol-
lowing progression on an initial bevacizumab
regimen.>>*>® Of note, none of the patients who received
nonbevacizumab salvage therapy following on-study
progression achieved SD for more than 3 months.
However, these results should be interpreted cautiously
given the small number of patients involved and the
risk of selection bias.

The pattern of disease progression for our patients
also varied from other bevacizumab studies in GBM.
We noted local progression on both enhanced and T2/
FLAIR images for most GBM and AG patients.
Progression manifest solely by nonenhancing radio-
graphic progression, which may represent invasive
microscopic tumor, was found in only 2 GBM patients
(8%) in our study compared with 15%—-36% in other
GBM series.®’ =37 In addition, we observed new distant
PD in only 3 patients (5%; 2 GBM and 1 AG),
whereas other bevacizumab studies have reported such
progression in  15%-16%.>"*” Nonetheless, our
results further support a need for new response and
outcome criteria for assessing MG patients receiving
antiangiogenic therapy that incorporate assessment of
both enhancing as well as nonenhancing tumor such as
the Response Assessment in Neuro-Oncology (RANO)
criteria.*®?

Identification of biomarkers of response or resistance
to antiangiogenic agents is currently a paramount pri-
ority.** We performed immunohistochemical profiling
of archival tumor samples from the GBM patients in
the current study to attempt to identify potential infor-
mative biomarkers. However, these results should be
interpreted cautiously given the small sample size of
our study and the lack of adjustment for multiple
testing. Furthermore, our analysis was based on archival
tumor material due to difficulty obtaining multiple tissue
specimens from CNS tumor patients, and it is unclear to
what degree findings from archival tumor samples reflect
findings at recurrence. Thus, our findings warrant
further investigation in future studies. Nonetheless, we
noted an association between high expression of par-
enchymal HIF-2A and poor survival. This result sup-
ports our previous findings linking hypoxia and poor
prognosis in MG patients treated with bevacizumab +
irinotecan, although high expression of CA-9, a
hypoxia-inducible transmembrane enzyme, was not
associated with survival in the current study.?® Of inter-
est, HIF-2A has recently been demonstrated to be an
important regulator of glioma stem cells, which contrib-
ute to angiogenesis and therapeutic resistance,*' and
HIF-2A gene upregulation was shown to predict poor
prognosis in a GBM series.*! Taken together, these
data suggest that hypoxia serves as a potential mechan-
ism of resistance to bevacizumab and that adding
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Table 4. Median pharmacokinetic parameters of erlotinib by dose stratum

Parameter Erlotinib dose stratum
Erlotinib 0SI1-420
Day 1 200 mg (n =12) 500 mg (n = 10) 200 mg (n =12) 500 mg (n = 10)
Tmax (range; h) 2 (2-24) 2 (0.5-8) 2 (2-24) 2 (2-6)
Cimax (range; ng/mL) 794 (524-2200) 1323 (317-2990) 79.2 (46.4-222) 280 (64.1-755)
Tiast (range; h) 24 (8-24) 24 (24) 24 (8-24) 24 (24)

Ciast (range; ng/mL)
AUCy_»4 (range; ng/mL-h)

Day 42

Tmax (range; h)

Cmax (range; ng/mL)

Cave (range; ng/mL)
AUCy_24 (range; ng/mL-h)
Clss/F (range; mL/h)

Tiast (range; h)

Tmin (range; h)

Cmin (range; ng/mL)

393 (157-1031)
11 072 (7850-30 029)

200 mg (n=9)
2 (0.5-24)
1320 (525-2940)
1086 (346-1787)
26 072 (8308-42 878)
7671 (4664-24 073)
24 (24)
2 (0-24)
558 (118-1125)

410 (194-1280)
15 611 (5295-40 110)

500 mg (n =9)
6 (0.5-24)
1400 (716-3955)

893 (487-2332)
21421 (11 680-55 960)
23 342 (8935-42 808)

24 (24)
0.5 (0-24)
327 (191-1170)

34 (13.7-147)
991 (655-2461)

200mg (n=9)
2 (2-24)
149 (52.4-464)
95 (32-243)
2287 (763-5828)
N/A
24 (24)
2 (0-24)
50 (9.96-203)

80.2 (38.3-247)
3697 (993-9207)

500 mg (n=9)
6 (2-24)
522 (223-1975)
291 (109-1081)
6976 (2617-25948)
N/A
24 (24)
0.5 (0-24)
84.3 (34.2-417)
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Fig. 4. Representative immunohistochemical detection of
biomarkers (x40). (A) HIF-2A in non-necrotic parenchyma of the
tumor. (B) HIF-2A in the majority of the tumor cells in the
perinecrotic area. (C) VEGFR-2 in both the endothelial cells of the
small vessel and in the adjacent tumor cells. (D) Phosphorylated
S6 in both the proliferative endothelial cells and the adjacent
tumor cells.

antihypoxic agents may represent a new therapeutic
approach to overcome resistance to antiangiogenic
therapy. Of note, high expression of VEGFR-2 was
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also associated with poor outcome. None of the GBM
patients in the current study had coexpression of
EGFR-vIIl and wild-type PTEN, which were demon-
strated in 1 study to predict response to EGFR inhibitors
in GBM.**

In conclusion, although erlotinib + bevacizumab was
adequately tolerated in recurrent MG patients, it was not
associated with improved PFS benefit or radiographic
response, when compared with historical bevacizumab-
salvage therapy.

Supplementary Material

Supplementary Material is available at Neuro-Oncology
online.
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