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Purpose

Thig open-label, prospective, single-arm, phase Il study combined erlotinib with radiation therapy
(XRT) and temozolomide to treat glioblastoma multiforme (GBM) and gliosarcoma. The objectives
were to determine efficacy of this treatment as measured by survival and to explore the
relationship between molecular markers and treatment response.

Patients and Methods
Sixty-five eligible adults with newly diagnosed GBM or gliosarcoma were enrolled. We intended to

treat patients not currently treated with enzyme-inducing antiepileptic drugs (EIAEDs) with 100
mg/d of erlotinib during XRT and 150 mg/d after XRT. Patients receiving EIAEDs were to receive
200 mg/d of erlotinib during XRT and 300 mg/d after XRT. After XRT, the erlotinib dose was
escalated until patients developed tolerable grade 2 rash or until the maximum allowed dose was
reached. All patients received temozolomide during and after XRT. Molecular markers of epidermal
growth factor receptor (EGFR), EGFRVIII, phosphatase and tensin homolog (PTEN), and methyl-
ation status of the promotor region of the MGMT gene were analyzed from tumor tissue. Survival
was compared with outcomes from two historical phase |l trials.

Results
Median survival was 19.3 months in the current study and 14.1 months in the combined historical

control studies, with a hazard ratio for survival (treated/control) of 0.64 (95% Cl, 0.45 to 0.91).
Treatment was well tolerated. There was a strong positive correlation between MGMT promotor
methylation and survival, as well as an association between MGMT promotor-methylated tumors
and PTEN positivity shown by immunohistochemistry with improved survival.

Conclusion
Patients treated with the combination of erlotinib and temozolomide during and following

radiotherapy had better survival than historical controls. Additional studies are warranted.

J Clin Oncol 27:579-584. © 2008 by American Society of Clinical Oncology

An important pathway for newly diagnosed
GBM involves the epidermal growth factor recep-

Malignant gliomas are the second-leading cause of
cancer mortality in people younger than 35 years
and the fourth-leading cause in those younger than
54 years." Current management includes surgery
followed by radiotherapy to 60 Gy, with temozolo-
mide (Temodar; Schering-Plough, Kenilworth, NJ)
as an adjuvant to radiotherapy.” Despite this regi-
men, patients with glioblastoma multiforme (GBM)
have a median survival of approximately 14 months.
A mechanism-based strategy to reduce uncontrolled
cell growth is one of many approaches to cancer
therapy, including for malignant glioma.

tor (EGFR).” Amplification of EGFR is a com-
mon genetic feature of GBM and is reported in
approximately 40% of cases. Approximately 75%
of cases of EGFR gene amplification are associated
with gene deletions and rearrangement, most
commonly, deletion of the extracellular ligand-
binding domain, referred to as EGEFRVIIL* This
deletion leads to ligand-independent constitutive
activation of the tyrosine kinase. Dysregulated
EGEFR signaling promotes cell proliferation, mi-
gration, invasiveness, and impaired apoptosis.’
These observations make GBM a good target for
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EGEFR tyrosine kinase inhibitors such as erlotinib (OSI-774). Erlotinib
inhibits human EGFR tyrosine kinase with concentration that inhibits
50% of 2 nmol/L (0.786 ng/mL) in an in vitro enzyme assay and 20
nmol/L (7.86 ng/mL) in intact tumor cells.® This inhibition is selective,
results in cell-cycle arrest at G, and is reversible. Oral administration
of erlotinib in mice with human glioma xenografts reduces EGFR
autophosphorylation by 70%. Erlotinib and its active metabolite
(OSI-420) are metabolized by the cytochromes CYP1A2, 3A4, 3A5,
and 1A1, and dosing in humans must be modified to account for this.

We previously reported on a phase I trial of erlotinib alone or in
combination with temozolomide that showed the combination was
well-tolerated, and the results of that study formed the basis for dosing
schedules tested in the current study.” The results also suggested that
amplification of EGFR and presence of intact phosphatase and tensin
homolog (PTEN) are correlated with response.® After the phase I trial,
we designed an open-label, single-arm, phase II trial that adds erlo-
tinib to the standard therapy of radiation and temozolomide for treat-
ing GBM and gliosarcoma (GS).

Patient Population

Eligibility criteria for this protocol included the following: = 18 years of
age, Karnofsky Performance Score (KPS) = 60, and newly diagnosed
intracranial GBM or GS confirmed by biopsy or resection no more than 5
weeks before treatment. No prior treatment was allowed. Patients needed
adequate bone marrow function (WBC = 3,000/uL, absolute neutrophil
count = 1,500/uL, platelet count = 100,000/uL, and hemoglobin = 10
gm/dL), liver function (AST and bilirubin < 2X the upper limit of nor-
mal), and renal function (creatinine < 1.5 mg/dL or calculated creatinine
clearance = 60 mL/min) before starting therapy. All patients signed informed
consent forms approved by the University of California, San Francisco, Com-
mittee on Human Research.

Treatment Plan

Radiotherapy was administered in doses of 1.8 to 2.0 Gy/d delivered 5
days per week to a total dose of 59.4 to 60 Gy given over a 6-week course.
During radiotherapy, patients not receiving enzyme-inducing antiepileptic
drugs (EIAEDs; group A) received erlotinib at 100 mg/d on a continuous basis
7 days/wk. Those receiving EIAEDs (group B) received erlotinib at 200 mg/d.
All patients were given temozolomide at 75 mg/m?/d continuously 7 days/wk.

Two weeks after the completion of radiotherapy, patients were treated
with temozolomide 200 mg/m?/d for 5 days every 28 days. Group A patients
received erlotinib at a continuous daily dose of 150 mg/d; group B patients
began erlotinib at a dose of 300 mg/d. Dose escalation of erlotinib by 50 mg/d
was allowed every 2 weeks until the development of an intolerable grade 2 or
worse rash, up to a maximum dose of 200 mg/d for group A or 500 mg/d for
group B. Dose escalations for erlotinib were not allowed if the patient devel-
oped grade 3 or worse nonhematologic toxicity. Hematologic and liver toxic-
ities were used as criteria for downward adjustment of the temozolomide dose;
dose escalation beyond 200 mg/m2/d was not allowed. Patients were proac-
tively treated to limit diarrhea and skin rash in an attempt to allow dose
escalation of erlotinib to at least a grade 2 tolerable rash.

The pretreatment evaluation included a complete history, physical, and
neurologic examination. Prestudy laboratory tests, obtained within 14 days of
treatment, included a CBC count with differential, serum creatinine, total
bilirubin, AST, ALT, alkaline phosphatase, blood urea nitrogen, glucose, po-
tassium, sodium, anticonvulsant level (if applicable), and serum pregnancy
test for women of childbearing potential. Pathology slides from the most
recent surgical material were submitted for retrospective pathology review to
confirm the diagnosis, as well as to evaluate molecular abnormalities in the
tumor, including EGFR by immunohistochemistry (IHC) and fluorescent
in situ hybridization, EGFR VIII by IHC, PTEN by IHC, and promoter
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methylation of the methylguanine methyltransferase (MGMT) gene by a
methylation-specific polymerase chain reaction—based assay.” The ITHC
assays were scored using a 0 to +3 scoring system. No positive staining was
scored 0; at least 25% immunoreactivity of cells was scored +1; 26% to 75%
was scored +2; and 76% or greater was scored +3. Analyses of results were
done using the actual IHC score, and the level of positivity was included as part
of the assessment. Thus any level of positivity was considered positive, but the
range was taken into account.

During radiation, a CBC count and differential were performed every 2
weeks. After radiation, CBC count and differential were performed at weeks 3
and 4 after the start of each 28-day temozolomide cycle. Creatinine, blood urea
nitrogen, total bilirubin, AST, ALT, alkaline phosphatase, sodium, and potas-
sium measurements were performed every 8 weeks. Anticonvulsant blood
levels of patients on EIAEDs were measured every 8 weeks. Brain magnetic
resonance imaging was performed as a baseline (within 14 days before the start
of treatment), 2 weeks after the completion of radiation, and then every 8
weeks while patients were receiving treatment.

The intent was to treat up to 12 months; additional treatment beyond 12
months was allowed at the discretion of the treating physician, assuming no
significant toxicity, and with the consent of the patient. All patients were
observed for overall survival. Patients who experienced disease progression
were observed for survival every 3 months.

Evaluation of Response

The primary end point was overall survival, and time to progression
served as a secondary end point. The following imaging guidelines were used to
evaluate progression: (1) 25% increase in the sum of products of all measurable
lesions over smallest sum observed (over baseline if no decrease) using the
same techniques as baseline, (2) clear worsening of any assessable disease, (3)
appearance of any new lesion/site, or (4) clear clinical worsening or failure to
return for evaluation as a result of death or deteriorating condition (unless
clearly unrelated to this cancer). Progression-free survival (PES) was defined
from the date of diagnosis to the date progressive disease was first observed,
nonreversible neurologic progression or permanently increased corticosteroid
requirement, death from any cause, or early discontinuation of treatment.
Opverall survival was defined from the date of diagnosis to date of death from
any cause.

Statistical Plan

The primary end point was survival measured from diagnosis. For the
final analysis, results were compared with results of comparable patients
treated at University of California, San Francisco, on two previous prospective
phase I trials. The first study included the use of thalidomide in combination
with temozolomide during and after radiotherapy; the second study included
the use of cis-retinoic acid with temozolomide during and after radiothera-
py.'®'! The primary analysis used a Cox proportional hazards model that
included age, KPS, and extent of resection. Initial calculation of sample size was
based on a binary end point, with the goal of increasing survival at the historical
median survival time (14 months) from 50% to 67%. Sixty patients provided
90% power using a one-sided o of 0.1 for this binary comparison. This
represents a hazard ratio of 0.58 (experimental/historical). An increase in
14-month survival to 63%, corresponding to a hazard ratio of 0.67, was also
of interest.

Enrollment was expected to occur over a 12- to 15-month period.
Follow-up for all patients was to be at least 14 months. A 10% increase in
accrual was allowed to ensure an adequate sample size if any adjustment for
ineligible patients was needed. Analysis of biologic correlative data was per-
formed to increase our knowledge of how the potential benefit of erlotinib (if
present) may be influenced by genetic characteristics of the tumor. This was an
exploratory aim for this study.

A stopping rule was used for the study. If the discontinuation rate owing
to toxicity was = 20% and the lower bound for the one-tailed 95% CI was
more than 10%, the treatment strategy was not considered feasible, and the
study would have been discontinued.
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Table 1. Patient Characteristics
Historical
Current Study Control
(n = 65) (n = 128)
Parameter No. % No. %
KPS
Median 90 90
Range 60-100 60-100
Age, years
Median 55 53
Range 22-77 27-77
Biopsy 8 13 23 18
Subtotal resection 31 48 67 52
Gross total resection 25 39 38 30
Deaths 48 74 106 83
Follow-up for censored
patients, weeks
Median 147 112
Range 110-181 11-214
Abbreviation: KPS, Karnofsky Performance Score.

A total of 66 patients were registered between October 2004 and
February 2006. There was one ineligible patient who had a lower-
grade tumor. This patient, surviving more than 39 months at the time
of this report, was not included in the analysis. Sixty-five patients were
eligible and assessable. Median age was 55 years, and median KPS was
90 (range, 60 to 100). Median survival follow-up for 17 censored
patients was 147 weeks (range, 110 to 181 weeks). The historical
control group included 128 patients treated on the two prior succes-
sive phase II studies. Median KPS for the combined historical control
group was 90, and median age was 53 years. The current and historical
groups had comparable rates of extent of surgical resection. Table 1
describes characteristics of the two groups.
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Fig 1. Progression-free survival (PFS) by Kaplan-Meier analysis, comparing the
current study with the historical control studies. The hazard ratio is corrected for
age, Karnofsky Performance Score, and extent of resection. Hazard ratio = 0.56
(95% Cl, 0.40 to 0.79; P = .001).
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Fig 2. Survival by Kaplan-Meier analysis, comparing the current study with
erlotinib plus temozolomide to the historical control studies. The hazard ratio is
corrected for age, Karnofsky Performance Score, and extent of resection. Hazard
ratio = 0.64 (95% Cl, 0.45 to 0.91; P = .01). OS, overall survival.

In this study, median PFS was 8.2 months and median survival
was 19.3 months. The corresponding results for PFS and median
survival for the historical control group were 4.9 months and 14.1
months, respectively (Figs 1 and 2). The hazard ratio for PFS was 0.56
(95% CI, 0.40 to 0.79; P = .001); the hazard ratio for survival was 0.64
(95% CI,0.45t0 0.91; P = .01). The hazard ratio was corrected for age,
KPS, and extent of surgery. The 14-month survival rate was 60%.
Molecular studies were available in a subset of patients. Not all patients
had available paraffin blocks, and in some cases, there was not enough
tissue remaining to accomplish each of the correlative studies. Table 2
describes the results of the IHC, fluorescence in situ hybridization, and
methylation-specific polymerase chain reaction assays. After control-
ling for patient factors, promoter methylation of MGMT had the

Table 2. Molecular Correlative Studies
No. of No. of

Marker Patients Value (Score) Patients %
EGFR by IHC 63 0 17 27
+1 3 5
+2 9 14
+3 34 54
EGFR vlll by IHC 58 0 52 90
+1 2 3
+2 2 3
+3 2 3
EGFR by FISH 51 Yes (amplified) 22 43
No (not amplified) 29 57
PTEN by IHC 52 0 11 21
+1 21 40
+2 10 19
+3 10 19
MGMT promoter 44 Yes (methylated) 16 36
g;em\él_a;gg No (unmethylated) 28 64
Abbreviations: EGFR, epidermal growth factor receptor; IHC, immunohisto-
chemistry; FISH, fluorescent in situ hybridization; PTEN, phosphatase and
tensin homolog gene; MGMT, methylguanine methyltransferase; MS-PCR,

methylation-specific polymerase chain reaction.
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strongest correlation with survival. The median survival of the 16
patients with MGMT promoter methylation was 25.5 months, and the
2-year survival rate was 56%. The median survival of the 28 patients
without promoter-methylated MGMT was 14.6 months, and the
2-year survival rate was 14% (hazard ratio = 0.31; 95% CI, 0.14 to
0.71; P = .006). These data are comparable to a retrospective subset
analysis of a larger historical phase III study conducted by the Euro-
pean Organization for Research and Treatment of Cancer and Na-
tional Cancer Institute of Cancer that randomly assigned patients to
receive radiation alone or radiation plus temozolomide, showing a
median and 2-year survival rate of 21.7 months and 46%, respectively
(Table 3). In the proportional hazards model of data from the current
study that included EGFR overexpression, PTEN positivity shown by
IHC, and MGMT promoter methylation, there was a statistical inter-
action between methylation status and PTEN positivity (P = .01).
Given this strong interaction, a proportional hazards model correct-
ing for KPS, age, and extent of resection was evaluated that included
MGMT promoter methylation status, PTEN by IHC, and EGFR by
IHC. Although the numbers are small, there seems to be a survival
benefit for patients who are both MGMT promoter methylated and
PTEN positive (hazard ratio = 0.20 comparing those PTEN positive v
negative among the MGMT promoter-methylated patients). The
overall model was not as robust for patients without promoter meth-
ylation, but a potential trend toward improved survival for nonmethy-
lated patients who were EGFR overexpressing was noted (hazard ratio,
0.65). Tables 3 and 4 describe the molecular correlation of biomarkers
and survival. Because of the small number of patients with the other
molecular markers or combinations of markers, additional analyses
were not performed.

Toxicity was modest and tolerable (Table 5). The majority of
treatment-specific adverse events were grade 3, and there were no
grade 5 events related to treatment. Hematologic and liver function
abnormalities were considered to be most likely related to temozolo-
mide, rash and diarrhea were related to erlotinib, and fatigue was
related to both drugs, as well as to radiotherapy. The majority of
patients (22 of 28) not receiving EIAEDs were adjuvantly treated with
at least a 150 mg/d dose of erlotinib. Of the 37 patients receiving
EIAEDs, 27 patients were treated with 300 mg or less, and the remain-
ing 10 patients were treated to a dose ranging from 350 to 500 mg/d.
Reasons for an inability to reach a higher dose included a need to

Table 3. MGMT Methylation Status and Outcome
EORTC Phase

Methylation Status Current Study™ Il Trialt

MGMT promoter methylated

No. of patients 16 46

Median survival, months 2515) 21.7

2-year survival, % 56 46
MGMT not promoter methylated

No. of patients 28 60

Median survival, months 14.6 12.7

2-year survival, % 14 13.8

Abbreviations: MGMT, methylguanine methyltransferase; EORTC, European
Organization for Research and Treatment of Cancer.

*Hazard ratio = 0.31 (95% Cl, 0.14 to 0.71; P = .006).

tSubset analysis of patient survival from phase Il trial.'?

Table 4. Molecular Correlations Using Proportional Hazards Adjusting
for Age, Karnofsky Performance Score, and Extent of Resection™

Variable Hazard Ratio P
MGMT promoter methylated, n = 14t
(P for overall model = .05)
PTEN by IHC, 0, 1, 2, 3 0.20 .04
EGFR by IHC, 0, 1, 2, 3 0.82 .68
MGMT unmethylated, n = 23t
(P for overall model = .15)
PTEN by IHC, 0, 1, 2, 3 1.32 22
EGFR by IHC, 0, 1, 2, 3 0.65 .06

Abbreviations: MGMT, methylguanine methyltransferase; PTEN, phospha-
tase and tensin homolog gene; IHC, immunohistochemistry; EGFR, epidermal
growth factor receptor.

“In the model that included EGFR by IHC, PTEN by IHC, and MGMT promoter
methylation there was a statistical interaction between MGMT promoter
methylation status and PTEN ( P = .01).

tSample size is reduced because of missing values for one or both of EGFR
and PTEN.

change from an EIAED to a non-EIAED, early tumor progression, or
the development of intolerable grade 2 rash.

The current standard of care for treating patients with newly diag-
nosed GBM is based on a randomized phase III trial published in
2005.% In that study, patients were treated either with radiation
alone or radiation with concurrent temozolomide followed by
adjuvant temozolomide given for 6 months. Median survival for the
temozolomide-plus-radiotherapy arm was 14.6 months as compared
with 12.1 months for the radiotherapy-only arm. The 2-year survival
rate for the temozolomide-treated group was 26%, compared with
10% for the radiation-only group. A posthoc subgroup analysis of
patients treated in this trial correlating MGMT promoter methyl-
ation with survival was conducted in an attempt to define patient
groups that may be more or less sensitive to treatment.'* Patients with
MGMT promoter methylation had significantly improved median
survival compared with patients with intact MGMT (21.7 months v
15.3 months).

As encouraging as these results are, however, most patients die of
tumor progression. In this study we attempted to improve survival

Table 5. Treatment-Specific Adverse Events

Type of Adverse Event No. of Events

Grade 3
Lymphopenia 28
Liver function abnormality
Fatigue
Diarrhea
Rash

Grade 4
Neutropenia
Thrombocytopenia
Fatigue
Liver function abnormality

A - b O

[N )
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outcome over that seen with temozolomide and radiotherapy. Com-
bining temozolomide with erlotinib and radiotherapy did reveal en-
couraging results. Compared with the historical phase II studies
conducted at our institution, this new trial seems to show superior
outcomes.'”!" We chose the two historical studies for comparator
trials based on the similarity of the three trials in terms of patient
characteristics, eligibility requirements, and imaging standards, as
well as the use of temozolomide during and after radiotherapy. In
addition, both historical studies added a noncytotoxic agent to radi-
ation and temozolomide. The previous studies did not represent a
significant improvement over that seen with radiotherapy and temo-
zolomide alone. Of particular interest with the current study is the
improvement in both progression-free and median survival. It should
be noted that few patients were declared to have experienced disease
progression at the initial postradiation assessment, well beyond the
time frame when pseudoprogression may have occurred. We feel
encouraged that the longer PFS in this study was due to a positive and
sustained treatment effect.

The molecular correlative studies in this trial confirm the survival
advantage seen in patients with MGMT promoter methylation and
also suggest an interaction between MGMT and PTEN status. One
significant observation was the inability to escalate the dose of erlo-
tinib to our planned higher dose in patients treated with EIAEDs. It is
possible that erlotinib exposure was reduced in this subset of patients.
Whether higher doses or improved systemic exposure would have
further increased survival in these patients is unknown, however, as
pharmacokinetic data were not collected from these patients, the
patient subset was small, and other patient factors may have influ-
enced outcome. Our results must be viewed with the caution that this
was a small, phase II study conducted in a single institution.

We and others have tested several agents in combination with
temozolomide, using agents that showed in vitro and in vivo impact
on specific molecular targets that seem relevant to glioma cell growth.
Targeting EGFR is a strategy based both on preclinical and prelim-
inary clinical human data in patients with recurrent malignant
glioma. Phase I testing of the combination of temozolomide and
erlotinib documented tolerability, and preliminary evidence of effi-
cacy of single-agent erlotinib, although modest at best, was encourag-
ing.” Studies of the combination of temozolomide and the EGFR
inhibitor gefitinib (Iressa; AstraZeneca, Wilmington, DE) have also
been conducted, demonstrating tolerability and evidence of efficacy in
recurrent disease.'”> However, phase I and II studies of gefitinib and
erlotinib used as single agents adjuvant to radiotherapy have shown no
major improvements in survival for patients.'*'® None of these stud-
iesincluded temozolomide in the treatment regimen, and it seems that
single-agent treatment with an EGFR inhibitor in newly diagnosed
disease may not be beneficial.

There is presumptive evidence that molecular profiles may pre-
dict response to EGFR inhibitors in at least some subgroups of pa-
tients.>'” In previous studies, patients with recurrent disease were
more likely to respond to erlotinib or gefitinib if their tumors were
found to be either EGFR overexpressed, amplified, or mutated, plus
intact for PTEN, or without Akt phosphorylation. Other studies, how-
ever, have not shown such correlations.'® In this current study, we
found a significant difference in outcome, both for median and 2-year
survival expectations, between patients with promoter-methylated
MGMT and those with unmethylated MGMT. This result is consistent
with the subgroup analysis performed by the European Organization

WwWw.jco.org

for Research and Treatment of Cancer/National Cancer Institute of
Canada phase III trial.'* In addition, patients who had MGMT gene
silencing and intact PTEN had a significant survival advantage. Al-
though this is not direct evidence, it at least suggests that some patient
groups may be influenced and possibly identified by this specific
molecular signature. The MGMT promoter methylation status was
not evaluated in our previous two clinical trials, and we cannot directly
compare survival outcomes within this molecular context. Attempts
are ongoing to retrieve tumor blocks from those patients. However,
there is no reason to believe that the general mix of tumor types will
have changed substantially over this interval, and the absence of this
information must be considered one of the random factors that need
to be recognized in any clinical trial comparison using historical data
sets. These observations need much more testing, particularly in
larger, prospective, controlled clinical studies, and currently should
not be used to stratify patients.

In conclusion, the current study shows encouraging PFS and
median survival over that seen in our previous studies. We feel that
further evaluation of this combination is warranted in a larger pro-
spective trial, with additional molecular correlative studies.
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