Neuro-Oncology 12(1):95-103, 2010.
doi:10.1093 /neuonc/nop015

A phase Il trial of erlotinib in patients
with recurrent malignant gliomas and
nonprogressive glioblastoma multiforme
postradiation therapy’

Jeffrey J. Raizer, Lauren E. Abrey, Andrew B. Lassman, Susan M. Chang, Kathleen
R. Lamborn, John G. Kuhn, W.K. Alfred Yung, Mark R. Gilbert, Kenneth A. Aldape,
Patrick Y. Wen, Howard A. Fine, Minesh Mehta, Lisa M. DeAngelis, Frank Lieberman,
Timothy F. Cloughesy, H. lan Robins, Janet Dancey, and Michael D. Prados for the
North American Brain Tumor Consortium

Department of Neurology, Feinberg School of Medicine, Northwestern University, Chicago, Illinois (J.J.R.);

Memorial Sloan-Kettering Cancer Center, New York, New York (L.E.A., A.B.L., L.M.D.); Department of
Neurological Surgery, University of California—San Francisco, San Francisco, California (S.M.C., K.R.L.,
M.D.P.); Pharmacotherapy Education and Research Center, University of Texas Health Science Center at San
Antonio, San Antonio, Texas (J.G.K.); Department of Neuro-Oncology, The University of Texas M. D.
Anderson Cancer Center, Houston, Texas (W.K.A.Y., M.R.G., K.A.A.); Dana-Farber/Brigham and Women's
Cancer Center, Boston, Massachusetts (P.Y.W.); Neuro-Oncology Branch, National Cancer Institute, National
Institutes of Health, Bethesda, Maryland (H.A.F.); University of Wisconsin Hospital, Madison, Wisconsin
(M.M., H.I.R.); Division of Neuro-Oncology, University of Pittsburgh Medical Center Cancer Pavilion,
Pittsburgh, Pennsylvania (F.L.); Neuro-Oncology Program, David Geffen School of Medicine at UCLA,
University of California, Los Angeles, California (T.F.C.); Ontario Institute for Cancer Research, Toronto,

Ontario, Canada (J.D.)

Patients with (a) recurrent malignant glioma (MG): glio-
blastoma (GBM) or recurrent anaplastic glioma (AG),
and (b) nonprogressive (NP) GBM following radiation
therapy (RT) were eligible. Primary objective for recur-
rent MG was progression-free survival at 6 months
(PFS-6) and overall survival at 12 months for NP
GBM post-RT. Secondary objectives for recurrent
MGs were response, survival, assessment of toxicity,
and pharmacokinetics (PKs). Treatment with enzyme-
inducing antiepileptic drugs was not allowed. Patients
received 150 mg/day erlotinib. Patients requiring
surgery were treated 7 days prior to tumor removal for
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PK analysis and effects of erlotinib on epidermal
growth factor receptor (EGFR) and intracellular signal-
ing pathways. Ninety-six patients were evaluable (53
recurrent MG and 43 NP GBM); 5 patients were not
evaluable for response. PFS-6 in recurrent GBM was
3% with a median PFS of 2 months; PFS-6 in recurrent
AG was 27% with a median PFS of 2 months. Twelve-
month survival was 57% in NP GBMs post-RT.
Primary toxicity was dermatologic. The tissue-to-
plasma ratio normalized to nanograms per gram dry
weight for erlotinib and OSI-420 ranged from 25% to
44% and 30% to 59%, respectively, for pretreated sur-
gical patients. No effect on EGFR or intratumoral sig-
naling was seen. Patients with NP GBM post-RT
who developed rash in cycle 1 had improved survival
(P <.001). Single-agent activity of erlotinib is minimal
for recurrent MGs and marginally beneficial following
RT for NP GBM patients. Development of rash in
cycle 1 correlates with survival in patients with NP
GBM after RT.
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remain poor. Surgery and radiation therapy

(RT) are the mainstay of therapy with survivals
between 9 and 12 months.! The current standard of
care in newly diagnosed GBM consists of RT with con-
comitant temozolomide followed by at least 6 months of
maintenance temozolomide.” FDA-approved treatments
for recurrent malignant gliomas (MGs) are limited to
temozolomide for anaplastic astrocytoma and implanta-
ble carmustine wafers (Gliadel, MGI Pharmaceuticals).
New agents are clearly needed. Agents that target
specific cell surface receptors (i.e., receptor tyrosine
kinases that work via the intracellular side) and intra-
cellular signaling molecules or angiogenesis are currently
being studied.

Epidermal growth factor receptor (EGFR) is over
expressed in 40%-60% of GBM. Activation increases
cell proliferation, migration, and invasiveness and
decreases apoptosis by downstream signaling, especially
via the Ras cascade.”* EGFR gene amplification is fre-
quently associated with a mutant EGFR called variant
3 (EGFRVIII) in which deletion of exons 2—7 generates
a constitutively active receptor, even in the absence of
ligand-binding.>~¢

In culture, inhibition of EGFR modulates GBM cell
};roliferation and invasion and affects differentiation.”~

Erlotinib targets EGFR and EGFRVIIL'*'" EGFRvIII
blockade inhibits constitutive EGFRVIII tyrosine kinase
activity, the growth of EGFRvllI-transformed cells,
and selectively down-regulates EGFRvIII-mediated
induction of effector genes regulating tumor
invasiveness.'%!?

A phase II study of erlotinib in patients with
recurrent MGs (anaplastic gliomas [AGs] [anaplastic
astrocytomas or oligodendrogliomas] or GBMs) and
nonprogressive (NP) GBM post-RT was initiated as
North American Brain Tumor Consortium Trial
01-03. The primary endpoint for patients with recurrent
MG was 6-month progression-free survival (PFS-6) and
overall survival (OS) for NP GBM post-RT.

r I The survival outcomes for glioblastoma (GBM)

Patients and Methods

This protocol was IRB approved at all participating
institutions. All patients signed an informed consent
prior to enrollment. Major eligibility criteria included
age >18 vyears, life expectancy >8 weeks, and
Karnofsky performance status (KPS) >60 with histo-
logically confirmed disease. Two groups of patients
were studied: (a) recurrent GBM or AG, and (b) patients
who had NP GBM post-RT. Patients with a previous
diagnosis of a low-grade glioma were eligible if their
tumor had histologically confirmed malignant trans-
formation. All patients were required to have pretreat-
ment brain CT or MRI within 14 days of starting
therapy, on a stable steroid dosage for >35 days.
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Because erlotinib is metabolized by the cytochrome
P450 isoenzyme 3A4 (70%) and CYP 1A2 (30%),
patients taking enzyme-inducing anti-epileptic drugs
(EIAEDs) were not eligible.

Patients with recurrent MG were limited to no more
than 2 prior relapses and 2 prior treatments. Patients
with NP GBM post-RT could not have prior chemother-
apy (including temozolomide before, during or after RT,
or Gliadel Wafers). All patients were required to have
adequate bone marrow function (WB >3000/pL,
ANC >1500/mm?, platelet count of >100000/mm?,
and hemoglobin >10 mg/dL), adequate liver function
(SGOT and bilirubin <1.5 times ULN), and adequate
renal function (creatinine <1.5 mg/dL) within 14 days
prior to registration. Women of childbearing potential
and men had to use adequate contraception for the dur-
ation of the study for 12 weeks after study completion
and could not be pregnant or breast-feeding.

Treatment

Erlotinib was supplied by the NCI Division of Cancer
Treatment and Diagnosis under a clinical trials agree-
ment with OSI Pharmaceuticals. The tablets were
taken either 1h before or 2h after food, in the
morning. The dose was 150 mg/day on a continuous
daily basis.

Patients with recurrent disease were treated in 4-week
intervals (one cycle). Treatment continued indefinitely as
long as there were no unacceptable toxicities or tumor
progression. Patients with recurrent MGs who were
candidates for surgery at the time of study entry were
considered for an optional preoperative study to
evaluate biological and tissue correlates. Erlotinib was
administered for 7 days before surgery and then
resumed 10-14 days postoperatively.

Patients with GBM with NP disease following RT
started erlotinib no more than 6 weeks from the com-
pletion of radiation. Temozolomide or other adjuvant
chemotherapy not allowed while on erlotinib.

Pretreatment and Treatment Evaluation

Prior to starting therapy, a complete history, physical
examination, brain imaging, and blood work were
required within 14 days. A CBC with differential and
platelets and a comprehensive metabolic panel was per-
formed every 2 weeks while on treatment. A physical
and neurological examination was performed every 4
weeks and brain imaging every 8 weeks. All claimed
radiographic responses were confirmed by central
review (M.D.P.).

Pharmacokinetic Evaluation

Sample Collection.

Whole blood (3 mL) was collected at the following
times: baseline, 1, 2, 4, 6, 8, 12, and 24 h after the first
dose in cycle 1. Trough levels were obtained on days 8
and 1 of cycles 2, 3, and 5. For the analysis of



alpha-1-acid glycoprotein (AGP), 5 mL of blood was
collected in a red top tube and allowed to clot prior to
centrifugation.

For surgical patients, a baseline blood sample was
drawn prior to the start of erlotinib and at the time of
tumor resection. Tumor tissue (0.5-1.0 cm®) was flash
frozen in liquid nitrogen. Prior to analysis, the tissue
was weighed and homogenized in 1 mL of HPLC
analytical grade methanol.

Plasma and serum samples were transferred to indivi-
dually labeled tubes and stored at < — 20°C until analy-
sis. Flash-frozen tissue samples were stored at < — 70°C
until analysis.

Analytical Methods and Pharmacokinetic Analyses.
Concentrations of erlotinib and its O-demethylated iso-
meric metabolites (OSI-420/0SI-413, collectively called
0S1-420) in plasma and tumor tissue were analyzed as
described previously.'> A radial immunodiffusion kit
(Bindarid, Birmingham) was used for the measurement
of AGP in serum. Erlotinib and OSI-420 plasma concen-
trations were analyzed by noncompartmental methods.
Pharmacokinetic (PK) parameters are reported as
mean + SD.

Molecular Pathway Analysis

Protein and DNA extracts from flash-frozen tissue were
used for the evaluation of the EGFR receptor and its
signaling mechanisms as described,'? including EGFR
gene sequencing, EGFR amplification or deletions by
array-based comparative genomic hybridization, and
total EGFR protein expression, and the analysis of
effectors including phopho-EGFR, AKT, and ERK by
Western blot.

Response and Toxicity

Radiographic responses were based on the Macdonald
criteria.'® Adverse events were graded according to the
NCI Common Toxicity Criteria, version 2.0.

Statistical Methods

The primary endpoint for recurrent MG patients was
PFS-6. The planned sample size was 48 (32 GBM, 16
AG). For the GBM cohort, the goal was to discriminate
between a 15% and 35% PFS-6 rate with a < 0.1 and
power of >0.9. With fewer AG patients, it was recog-
nized that improvements of interest might not achieve
statistical significance using the usual a-level and the
emphasis was on estimation.

For the NP GBM cohort, the primary endpoint was
OS at 12 months. The trial used a 12-month survival
estimate of 65%. This was based on a historical database
of 205 GBM patients treated on prospective phase-2
clinical trials at UCSF who had stable disease following
XRT. The target accrual was 55 patients providing a <
0.1 and power of 88% to detect a 12-month survival
improvement from 65% to 80%. Ten percent over-
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accrual was permitted to assure sufficient number of eli-
gible treated patients.

Analysis Methods

Response rate, PFS-6 (recurrent MG), and OS-12
(NP GBM post-RT) were based on the proportion of
patients known to have achieved that endpoint using
the concept of intent-to-treat. Median PFS and OS
were calculated from the Kaplan—Meier curves. Time
was measured from registration date except for patients
who received therapy prior to surgery, when the date of
first postsurgery erlotinib dose was used. All patients
receiving protocol treatment were included in evaluation
of safety.

For the analysis of rash as a predictor of outcome,
only patients with PFS >4 weeks were included to
prevent a bias for early failures who did not have time
to develop a rash. The analysis used the Cox pro-
portional hazards model to adjust for age and baseline
KPS.

Results

Between August 15, 2002, and August 18, 2005, 104
patients were enrolled (Table 1). Eight patients were
not included in the efficacy analyses due to ineligible his-
tology (1), prior treatment history (4), and failure to
initiate erlotinib therapy (3). Hence, 38 patients with
recurrent GBM, 15 with recurrent AG, and 43 with
NP GBM post-RT were included in the efficacy analyses.
Pathology was unavailable for central review (by
K.A.A)) in 3 recurrent MG and 8 NP GBM post-RT
patients.

Patient demographics for all cohorts are listed in
Table 1. Seven GBM and 3 AG patients enrolled into
the surgical arm of the trial. The median number of
treatment cycles for recurrent tumors was 3 (range: 0—
57 for recurrent MG and 1-24 for NP GBM).

Efficacy

Recurrent MG.

One patient with recurrent GBM and 4 patients with
recurrent AG achieved PFS at 6 months for a PFS-6 of
3% and 27%, respectively (Figs 1 and 2). Median PFS
was 2 months for both histologies. Two patients with
AG remained progression-free beyond 1 year. Median
OS was 6 months for the GBM patients and 7 months
for AG patients (Figs 1 and 2). There was 1 CR (AG),
1 PR (AG), 5 SD (2 AG and 3 GBM), and 41 patients
with PD (15 AG and 26 GBM).

Among the 9 patients in the surgical arm who
restarted erlotinib postoperatively (7 GBM and 2
AG), 1 patient with GBM-developed progressive
disease at 11 months. Eight other patients developed
disease progression in <3 months. One patient was cen-
sored due to postoperative complications and failure to
resume treatment. Inclusion of these patients did not
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Table 1. Demographics

Patient cohort® Number of patients Patient cohort® Number of patients
Recurrent MG 59 Newly diagnosed GBM post-RT 45
GBM 42 GBM 44
AA 14 AA 1
AO 1
OA 1
PXA 1
Gender Gender
Men 34 Men 35
Women 25 Women 10
Age Age
Median 54 Median 52
Range 29-78 Range 19-72
KPS KPS
Median 80 Median 20
100 5 100 10
20 20 20 25
80 16 80 6
70 16 70 3
60 2 60 1
Prior RT 100
Prior chemotherapies Extent of resection
0 4 Biopsy 7
1 31 Subtotal 18
2 21 Gross total 20
3 3

2On the basis of cohort patients were initially enrolled in.
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Fig. 1. Kaplan—Meier curves for recurrent GBMs for OS (upper
curve) and PFS (lower curve).

appear to bias assessment of the primary endpoint of
PFS-6.

Nonprogressive GBM

Among the stable GBM patients, estimated 1-year OS
rate was 53%, estimated 1-year PFS was 9%, and the
median OS was 14 months (95% CI 9-17) (Fig. 3).
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Fig. 2. Kaplan—-Meier curves for recurrent AGs for OS (upper
curve) and PFS (lower curve).

Rash

As a post hoc analysis, we assessed whether any grade of
rash observed during the first 28 days of therapy pre-
dicted for either PFS or OS. If the early failures (PFS
<4 weeks) are excluded, the number of AG patients
were too few for analysis. When adjusted for age and
KPS, for recurrent GBM patients, rash did not predict
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Fig. 3. Kaplan—Meier curves NP GBMs post-RT for OS (upper
curve) and PFS (lower curve).

PES or OS (P = .53 and .13, respectively). For patients
with NP GBM post-RT, there was a statistically signifi-
cant improvement in OS (hazard ratio=.19, P <
.001). The 15 patients with no rash had a median survi-
val of 8 months compared with a median of 18 months
for the 26 patients who developed a rash in their first
cycle. Rash was not a predictor of PFS in this patient
group (P = .41).

Toxicity

There were 810 drug-related adverse events reported in
99 patients. Rash and diarrhea were the most common
toxicities. Twenty-nine patients had 37 drug-related
grade 3-5 adverse events (Table 2). The 2 patients
who received no treatment were excluded from the tox-
icity assessment.

Table 2. Drug-related grade 3-5 toxicities®

Grade Toxicity Number

3 Hypocalcemia
Hypokalemia
Elevated bilirubin
Headache
Thrombocytopenia
Seizure
Abdominal pain
Myalgia
Muscle weakness
Dehydration
Hypophosphatemia
Diarrhea
Weight loss
Elevated serum glutamic pyruvic transaminase
Fatigue
Infection without neutropenia
Rash

4 Hypomagnesemia

N
A A WWNNNN=S & oy oy oy

5 Seizure

“Twenty-nine patients had one or more grade 3-5 toxicities
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PK Data and Tissue Analysis

The mean (+SD) PK parameters for erlotinib and
OSI-420 are summarized in Table 3. Within 3-4 h of
administration of drug, peak concentrations of erlotinib
(872 + 399 ng/mL) and OSI-420 (68 + 45 ng/mL)
were achieved. Trough steady-state levels were obtained
by day 8 with accumulation ratios for erlotinib and
OSI-420 of 2.5 and 3.5, respectively. Exposure to
OS1-420 was minimal with a relative metabolic ratio
(OSI-420 AUC_»4 to erlotinib AUCy_54) of 7%. AGP
was overexpressed (n=75); average was 102
(+39) mg/dL (normal 73 mg/dL). There was a signifi-
cant (P <.05) albeit poor correlation (r=0.1)
between AGP levels and both erlotinib and OSI-420
Cpmax and AUC values (e.g., higher AGP, higher AUC,
and Cpp,ax values).

Tumor tissue and a plasma sample at the time of
tumor resection were obtained from 6 patients
(Table 4). The concentrations should have been reflec-
tive of trough steady-state levels as drug was adminis-
tered for 7 days. The mean cycle 1, day 8 trough
levels (erlotinib/OSI-420; 975 + 535/87 + 76 ng/mL)
compare favorably with the mean trough levels (erloti-
nib/OSI-420; 761 4+ 547/70 4 68 ng/mL) obtained on
day 8 at the time of surgical resection. Two patients
with the highest tissue concentration of erlotinib and
OSI-420 were likely contaminated by blood clots as
their values were beyond what would be expected. For
the remaining 4 patients, the tissue-to-plasma ratio
(%) of erlotinib and the active metabolite OSI-420
ranged from 6% to 8% and 5% to 11% ng/mL or
from 25% to 44% and 30% to 59% normalized to
nanograms per gram dry weight, respectively.

The effects of erlotinib on tumor tissue have been
reported.'? The relevant findings suggested that erlotinib
penetration into tumor was not high enough to consist-
ently inhibit EGFR phosphorylation. There was no con-
sistent effect on ERK or AKT phosphorylation over
control samples; however, it was observed that
AKT-activity status may represent a particularly impor-
tant assay for EGFR inhibitor efficacy, as observed by
others.!> 1¢

Discussion

Single-agent erlotinib had no efficacy in recurrent MG.
The PFS-6 for patients with recurrent GBM was 3%
and 27% for AG. The 12-month OS in patients with
NP GBM post-RT was 57%. Neither group met our stat-
istical goal for success.

Data from several trials using gefitinib or erlotinib in
recurrent MG have been published or presented in
abstract form.'”'® In these trials, primarily in recurrent
GBM, the PFS-6 ranged from 0% to 33% with a median
TTP of 1.7-4.7 months."”~*' Outcome did not appear
to correlate with expression of wild-type or mutant
EGFR or with gene amplification; diarrhea was predic-
tive for OS, whereas skin rash was a borderline predictor
for PFS in the gefitinib trials."*'”~'” Response and
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EGFR gene amplification had a minor correlation in

~
- 5= only one erlotinib trial.>>*! A phase I trial of erlotinib +
n w2 R emozolomide reported 8 o atients responding; 6 o
Q S t lomide reported 8 of 57 patients responding; 6 of
S | S
S>HH whom were only on erlotinib and had a more than
& 6-month PFS.** One trial using a monoclonal antibody
s against EGFR (Cetuximab) as a single agent for patients
~ paga) with recurrent high-grade glioma had a PFS-6 of 7.3%
345 ©~ . o
E 8«\ g; i and an OS of 5.1 months, which appears similar to the
2 gHH small molecules discussed earlier.*
o S For the NP GBM post-RT, there was a median OS of
3 14 months. Krishnan et al.?* treated 19 patients with
£ g erlotinib and RT with a median OS of 13 months and
W | ) . ; o
3|8 |oZ= median TTP of 6.2 months. A phase II trial of gefitinib
2J 129c|s in NP GBM patients post-RT did not significantly
(=] 0 S .
g QfH|s improve overall (48.9% at 12 months) or PFS (13.3%
i o X . R R
z S 2 at 12 months) over historical controls, except in patients
= =% who had diarrhea on a post hoc analysis.'® Three
£l . a ,% § additional trials have evaluated erlotinib in the adjuvant
L S— 5@ N setting either used in conjunction with maintenance
- Pyl B temozolomide after RT + temozolomide (1 trial) or
& g used with RT + temozolomide and then with mainten-
5|2 ance temozolomide (2 trials). The median OS for those
~ ;‘;E % studies was 8.2 months, 20 months, and 14.5 months,
8’ R SE. respectively.?> =7 A trial of Cetuximab with RT + temo-
ﬁi‘i' 5 zolomide followed by standard temozolomide has also
™ 2 been presented with an OS at 12 months of 87%.*®
a |= Our data fall within the range of these other trials, and
% S E differences in survival are likely due to patient
THE S variability.
2 s The most common toxicity seen was grade 1 and 2
o3 K rash. A relationship between rash and survival has
SE| R 5 been reported with EGFR inhibitors.?** Although our
o i‘ﬁ‘ £ numbers were small, development of rash in cycle 1
7/ 0¢s @v“ o did significantly increase OS in NP GBM post-RT, but
g’ - % the significance of this remains unclear.
< £2E| 5 |=. The PK parameters in our trial are similar to values
B o E?\? 5 ﬁ in patients not receiving anticonvulsants who had
& :3’2 ok 2% nonsmall cell lung cancer (NSCLC) (Table §).%!
- éi Following 7 days of erlotinib treatment at 150 mg in
] g |& 3 the surgical group (7 = 6), the tumor-to-plasma ratios
i '_':‘G 7 of erlotinib and its active metabolite in tumor were
=218 |u-lk|2 < 0.38 and 0.48, respectively. The data are limited by
\% ” 29 the number of patients and only one tissue specimen
£ e S |B® per patient representing a trough level 24 h after
:.E i\G Iy dosing. Not knowing erlotinib tissue distribution kin-
S T o~k gé etics, it is possible that levels at earlier time-points
; ” g 8 could have been higher than what we observed at 24 h.
o} g |9 §° Erlotinib and OSI-420 penetration into the CSF has
e 2 ; 19 |38 been reported in two publications; CSF levels were
o %/ O |8~ CE about 1%-5% of plasma when given either IV or
% 5; . - %Z. orally.>*?3 The CSF levels are lower than what we
T 4| E § Sa measured in tissue and may be related to better brain
5 0|38 | H2|8 H penetration through a dysfunctional blood-brain
E W £ g barrier than into CSF. Gefitinib may have greater brain
e oa E 2 tissue penetration than erlotinib. Following treatment
g g o << with gefitinib at 500 mg/day for 7 days in non-EIAED
T oS It} =3 . .. . . . .
S - v 2 patients, gefitinib concentrations in brain tumor tissue
- .% S were 221%-370% of the clg)rresponding plasmfl con-
m g e centrations (Lassman et al.”” and F.L., unpublished).
5 EL 55 Hofer and Frei’* were able to measure gefitinib in
< = \O o
= Za NS <>

100 NEURO-ONCOLOGY * JANUARY 2010



Raizer et al.: A phase Il trial of erlotinib in patients with recurrent malignant

Table 4. Brain tumor concentrations of erlotinib and metabolite (OSI-420)

Non-EIAED Plasma concentration (ng/  Tumor tissue concentration (ng/  Tumor/plasma ratio (%) Tumor/plasma ratio (%)
patients dose mL ; erlotinib/OSI-420) g dry weight; erlotinib/OSI-420) (ng/g; erlotinib/ (ng/mL; erlotinib/
(150 mg) 0S1-420) 0S1-420)

1 271/14 67/BLQ? 25/— 6/—

2 275/14 73/5 27/36 6/7

3 1345/105 581/31 43/30 7/5

4 1493/187 656/111 44/59 8/11

5P 793/71 941/90 118/127 50/54

6° 386/29 664/73 172/252 19/28

3BLQ, below limit of quantification.
bSuspected contamination with blood clot.

Table 5. Study population groups and erlotinib dose

Parameters Non-EIAEDs Phase I/1I° (n = 18)
(n =76)* (150 mg/d) (150 mg/d)
Cnax (ng/mL) 872 (+399) 983 (+ 500)
Trmax (h) 3.0 (+1.9) 41 (+3.1)
AUCo_o4 (ngh/mL)  11.86 (+5.01) 12.94 (+4.56)
Css min (ng/mL) 0.98 (+0.54) 1.00 (+£0.67)

#Current study.
PHerbst et al.>".

tumor tissue in 7 GBM patients evaluated, even with low
to no plasma level of drug in 4 patients.

How do we account for the limited activity seen with
single-agent erlotinib? First, in studies in newly diagnosed
GBM, balancing for known prognostic variables, EGFR
fails to consistently hold-up the prognostic relevance in
multivariate analysis so its relevance in gliomas is
unclear.>>*® Second, the amount of drug present in
tumor may not be sufficient for therapeutic benefit
based on the surgical patients studied.'®> There have
been numerous EGFR ectodomain mutations (e.g.,
EGFRv111, R108K) identified in GBMs as discussed
later. Many of these ectodomain mutants in cell cultures
are sensitive to unbound erlotinib after 48 h exposure
with IC50 concentrations between 50 and 150 nM (20—
59 ng/mL).>” However, after a 2-week co-incubation of
the R108K mutation with erlotinib (concentrations up
to 10 pM [4 pg/mL]), an IC50 was never reached nor
complete inhibition of autophosphorylation;®® suggesting
that even at therapeutic concentrations activity may not
occur. Also in a dose-escalation trial, the MTD of
single-agent erlotinib was 200 and 250 mg/day when
used with temozolomide."” Third, EGFR inhibitors may
be appropriate for only certain subpopulations.'®1%:16-3
Haas-Kogan et al.'® found that, of the responders to erlo-
tinib, a larger percentage had low levels of PKB/pAKT
and high levels of EGFR expression. Mellinghoff et al."
found that coexpression of EGFRvVIII and wild-type
PTEN (associated with low-pAKT) was significantly cor-
related with response. These results are similar to the
results of Haas-Kogan et al. in that intact PTEN is associ-
ated with suppressed PI3K/AKT signaling, and constitu-
tively activating mutations of EGFR such as EGFRvIII
are generally found only among tumors with EGFR

amplification. The findings by Mellinghoff et al."*> have
not been uniformly confirmed in other trials where
patients who have EGFRVIII and PTEN that are treated
with EGFR inhibitors have in most cases not
responded.*’*”** The EGFR kinase domain mutation
found in NSCLC that predict response to EGFR inhibitors
is not found in gliomas;'*'**? when present in patients
with NSCLC response rates are approximately 75% com-
pared with <10% if wild-type EGFR is present.*' A
recent paper by Lee et al.>” reported novel missense
mutations in the ectodomain of EGFR in approximately
14% of GBM; these mutations led to tumorigenicity of
the cells tested and sensitivity to small-molecule EGFR
inhibitors; hence, gliomas may have different mutations
than those seen in NSCLC patients who are sensitive to
EGFR inhibitors. These effects were independent of
EGFRVIIL, but had similar sensitivity. Two patterns of
EGEFR resistance have been proposed: the development
of kinase-inhibitor resistant mutant clones, which could
be overcome by kinase inhibitors that have a different
mechanism of activity (acquired), or resistance, which is
independent of EGFR and due to “bypass” intracellular
pathways such as RAS or AKT (upfront).** Finally,
there are data that multiple receptor kinases are active at
any one time and for this reason single agents may have
limited activity.*?

In conclusion, single-agent erlotinib has minimal
activity in the settings studied and additional research
should probably focus on multi-agent strategies, multi-
targeting agents that may modulate EGFR pathways or
enriching our patient selection by treating only patients
with specific molecular profiles suggesting they would
respond. This might be done in several ways, one
might use an EGFR inhibitor only in patients with
EGFRVIII and PTEN, since there is redundancy in
active tyrosine kinases receptors one might inhibit the
PDGF and the EGFR receptors or other combinations
that are active in GBM as shown by Stommel et al.*?
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