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Summary Purpose This phase I trial was designed to de-
termine the recommended phase II dose(s) of everolimus
(RAD001) with temozolomide (TMZ) in patients with glio-
blastoma (GBM). Patients receiving enzyme-inducing anti-
epileptic drugs (EIAEDs) and those not receiving EIAEDs
(NEIAEDs) were studied separately. Patients and Methods
Enrollment was restricted to patients with proven GBM,
either newly diagnosed or at first progression. Temozolo-
mide was administered at a starting dose of 150 mg/m2/day
for 5 days every 28 days, and everolimus was administered
continuously at a starting dose of 2.5 mg orally on a daily
schedule starting on day 2 of cycle 1 in 28-day cycles.
Results Thirteen patients receiving EIAEDs and 19 not receiv-
ing EIAEDs were enrolled and received 83 and 116 cycles

respectively. Everolimus 10 mg daily plus TMZ 150 mg/m2/
day for 5 days was declared the recommended phase II dose
for the NEIAEDs cohort. In the EIAEDs group, doses were
well tolerated without DLTs, and pharmacokinetic parame-
ters indicated decreased everolimus exposure. Temozolo-
mide pharmacokinetic parameters were unaffected by
EIAEDs or everolimus. In the subset of 28 patients with
measurable disease, 3 had partial responses (all NEIAEDs)
and 16 had stable disease. Conclusion A dosage of 10 mg
everolimus daily with TMZ 150 mg/m2/day for five consec-
utive days every 28 days in patients is the recommended
dose for this regimen. Everolimus clearance is increased by
EIAEDs, and patients receiving EIAEDs should be switched
to NEIAEDs before starting this regimen.
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Introduction

Glioblastoma (GBM) is the most common primary brain
tumor in adults. Following maximal feasible surgical resec-
tion, most patients with GBM receive radiotherapy with
concurrent and adjuvant temozolomide chemotherapy as
primary treatment [1]. Although this recent advance has
improved prognosis for many patients [2], more effective
initial treatments for this intractable disease are needed.

A majority of patients with GBM have altered PTEN
gene-suppression activity, usually as a consequence of gene
deletion [3–5]. This molecular aberration leads to enhanced
and dysregulated activity of the phosphotidylinositol 3-
kinase (PI3K)/Akt pathway. Increased activity of this sig-
naling cascade leads to activation of the mammalian target
of rapamycin (mTOR), a critical step for cell-cycle progres-
sion. Considerable evidence implicates inactivation of the
PTEN gene and subsequent activation of the PI3K/Akt/
mTOR signaling pathway in gliomas, including an association
with poor prognosis and a target for therapy in preclinical
studies [6–8].

Although a phase I trial of rapamycin in recurrent GBM
demonstrated in vivo evidence of mTOR inhibition and
subsequent reduction of tumor cell proliferation [9], phase
II trials using its analogue temsirolimus (CCI-779) have
been disappointing [10, 11]. Similar disappointing outcomes
have been noted in phase I/II trials combining mTOR inhib-
itors with other targeted therapies such as sorafenib and
gefitinib in recurrent GBM [12, 13]. Despite this, mTOR
inhibitors remain of interest in GBM as part of first-line
therapy, a setting of greatest promise for changing the out-
come of this disease.

Everolimus is one such mTOR inhibitor that has docu-
mented in vitro activity in GBM cell lines, and in vitro
analysis of the effects of combining rapamycin analogues
with standard cytotoxic chemotherapies such as nitrosoureas
has demonstrated no antagonism but rather additive or syn-
ergistic activity [14]. Clinical studies evaluating everolimus
(RAD001) in patients with a variety of solid tumors have
established an effective monotherapy dose of 10 mg
daily or 50–70 mg weekly [15–19]. Efficacy has been
observed at these doses in a variety of tumors, and the US
FDA has recently approved everolimus for advanced renal
cell carcinoma [20].

This study was designed to determine the recommended
phase II doses of everolimus with temozolomide in patients
with GBM receiving temozolomide in the adjuvant setting
or at first progression. Because everolimus is a substrate for
the cytochrome P450 isoenzyme 3A4, patients receiving or

not receiving enzyme-inducing anti-epileptic drugs
(EIAEDs) were enrolled separately [21, 22].

Patients and methods

Patient population

Entry was restricted to adults (≥18 years old) with a histo-
logically confirmed GBM, either newly diagnosed or at first
progression. Newly diagnosed patients required initial treat-
ment with radiotherapy and concurrent TMZ. For these
patients, study enrollment occurred before the first adjuvant
cycle of temozolomide and everolimus was initiated with
the first cycle of adjuvant treatment. Prophylaxis against
Pneumocystis jerovici was not mandatory for newly-
diagnosed patients, and only one patient received trimetho-
prim/sulfamethoxazole while on study treatment. Patients
with progressive GBM required radiographic progression
following radiotherapy. For patients with progressive dis-
ease, one prior chemotherapy regimen administered in the
adjuvant setting was permitted. Prior TMZ was permitted
provided last exposure was at least 4 months before study
entry. Treatment with radiotherapy was mandatory and was
to be completed at least 12 weeks prior to enrollment.
Patients with progressive GBM also were required to have
bidimensionally measurable disease by MR or CT imaging.

Baseline MR/CT scans were performed in all patients
within 21 days prior to registration. Patients receiving cor-
ticosteroids required stable doses for at least 14 days prior to
study enrolment. All patients were to have an ECOG per-
formance status ≤2, an estimated life expectancy of at least
12 weeks and acceptable bone marrow and organ function.
The protocol and informed consent were reviewed and
approved by the local institutional ethics review boards of
each participating centre and all patients provided signed
informed consent before enrollment.

Treatment plan

Patients receiving EIAEDs were studied separately from
those not receiving EIAEDs.. Everolimus was supplied by
the NCIC CTG Investigational New Drug program under an
agreement with Novartis Pharmaceuticals. The dose escala-
tion schedule of everolimus and TMZ is outlined in Table 1.
In cycle 1 only, everolimus was initiated on day 2 of the
cycle while TMZ was initiated on day 1, so as to evaluate
TMZ PK alone and in combination with everolimus. Dose
escalation was planned in groups of three patients, with an
additional three patients to be added at the first indication of
a dose limiting toxicity (DLT). Toxicities were graded
according to the Common Terminology Criteria for Adverse
Events, Version 3.0 (http://ctep.cancer.gov/reporting/ctc.
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html). No new patients were to be entered at an escalated
dose level until at least three patients had completed one
treatment cycle at the previous level without evidence of
DLT. DLTs were defined as any grade 4 thrombocytopenia
or thrombocytopenic bleeding, grade 4 neutropenia for
≥7 days or grade ≥3 febrile neutropenia, grade ≥3 micro-
biologically documented infection with grade ≥3 neutrope-
nia, grade ≥3 nonhematologic toxicity or grade ≥2 clinically
relevant neurotoxicity or cardiotoxicity, failure to administer
full doses of everolimus for ≥7 days due to toxicity, or a delay
of ≥2 weeks in starting cycle 2 for reasons of toxicities. If 1/3
patients in a cohort experienced a DLT, an additional three
patients were enrolled at the same dose level for a total of six
patients. Maximum administered dose (MAD) was defined as
at least 2/3 or 2/6 patients in a cohort experiencing a DLT. The
next lower dose would be declared the recommended phase II
dose (RP2D) for expansion, and an additional six patients
would be enrolled at that dose level.

If clinically indicated, intermediate dose levels other than
the levels specified in Table 1 were permitted. Additionally,
if patients in the NEIAEDs cohort accrued more quickly,
and tolerated a given dose level without DLTs, patients in
the EIAEDs arm could skip that dose level given the likeli-
hood that they could tolerate higher dose levels than
NEIAEDs patients.

Patient evaluation

Pretreatment evaluation included a complete history and
physical examination including neurologic assessment.
Clinical evaluations were repeated before the start of every
4-week cycle. Complete blood counts were performed
weekly for cycles 1 and 2, and on days 1 and 15 for
subsequent cycles. Biochemistry was performed on days 1
and 15 of all cycles. Magnetic resonance (MR) imaging or
computed tomography (CT) was obtained at baseline, and at
the end of every other cycle. Enhancing tumor was assessed
for radiographic response, and responses were determined
by the Macdonald criteria [23]. All responses (CR and PR)
required confirmation by repeat imaging between 4 and
6 weeks from the time at which response criteria were

met. A designation of stable radiographic disease required
at least one assessment satisfying criteria for SD a minimum
of 8 weeks post study entry. Response duration was mea-
sured from the time measurement criteria are first met until
disease progression. Stable disease duration was measured
from the start of therapy until disease progression.

Pharmacokinetics (PK)

Pharmacokinetics of TMZ and RAD were performed during
the first cycle only and patients were instructed to take RAD
and TMZ in the morning on an empty stomach. Anticon-
vulsants were administered according to instructions of
treating physicians and the schedule was not altered for
PK studies.

Sample collection

For TMZ PK, whole blood was collected in EDTA-
containing tubes on day 1, cycle 1 at each of the following
times: baseline (before ingestion) and at 0.25, 0.5, 1, 2, 4
and 6 h after administration. To study possible interaction
with everolimus, TMZ PK samples were also collected on
day 5, cycle 1 using an identical schedule. Everolimus PK
with TMZ co-administration was evaluated on day 5, cycle
1 at each of the following times: baseline (before ingestion)
and at 1, 2, 4, 6 and 24 h after administration. To determine
everolimus PK in the absence of TMZ, blood was collected
at identical times on day 15, cycle 1.

Following collection, whole blood for TMZ PK was
centrifuged at 4°C for 15 min at 3,000 rpm. A 2.0 mL
plasma sample was transferred to a plastic tube containing
8.5% phosphoric acid, vortexed and stored at a minimum
of −20°C until analysis. For everolimus PK, whole blood
was collected into a tube containing EDTA before 2.5 mL
was transferred to a polypropylene tube for storage at a
minimum of −20°C until analysis. Whole blood was selected
for everolimus analysis because of the preferential distribution
of this drug into red blood cells and its limited storage stability
in plasma.

Table 1 Dose escalation schedule

Starting dose NEIAEDs EIAEDs

Total # patients Total # cycles Total # patients Total # cycles

Level 1: 2.5 mg everolimus/150 mg/m2 TMZ 4 38 1 12

Level 2: 2.5 mg everolimus/200 mg/m2 TMZ 4 23 6 48

Level 3: 5 mg everolimus/150 mg/m2 TMZ
(200 mg/m2 TMZ in EIAEDs)

3 11 2 11

Level 4: 10 mg everolimus/150 mg/m2 TMZ 8 44 4 12
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Measurement of temozolomide levels

Temozolomide concentrations were determined by validated
methods previously described and with a high-performance
liquid chromatograph coupled with a triple quadrupole mass
spectrometer [24]. The lower limit of quantitation was
25.0 ng/mL.

Measurement of everolimus levels

Whole-blood concentration of everolimus was deter-
mined by liquid chromatography-mass spectrometry with
lower limits of quantification of 0.3 ng/ml. PK for ever-
olimus were derived by standard non-compartmental
analysis methods using WinNonlin, Version 5 (Pharsight
Corporation, CA).

Translational studies

Paraffin-embedded tumor tissue was obtained from all
patients for PTEN immunohistochemistry. Expression levels
were assessed semi-quantitatively by evaluating the relative
staining intensity (0, absent, 1, weak, 2, moderate and 3,
strong) and the percent tumor cells stained (0, no staining, 1,
≤10% staining, 2, 11–50% staining, and 3, ≥51% staining).
The final expression level for each tumor was represented
by the sum of grades of staining intensity and extent, and the
median for all specimens was used to dichotomize high and
low expressing tumors. Two independent pathologists per-
formed assessments of all specimens.

Statistical considerations

The primary endpoint of this study was to determine the
MAD and establish a recommended dose of everolimus
when given in combination with standard dose temozolo-
mide in patients with GBM receiving and not receiving
EIAEDs, and to characterize the toxicities and pharmacoki-
netics of this combination. Pharmacokinetic variables are
reported as mean values ± SD. Radiographic responses were
summarized.

Results

Patient characteristics

Thirty-two patients were enrolled in this study, 19 in the
NEIAED arm and 13 in the EIAED arm. One patient in the
NEIAED group was deemed ineligible (diagnosis of another
cancer within 5 years of study entry), but is included in all
tables except response. Patient characteristics are summarized
in Table 2.

Recommended phase II dose (RP2D) and adverse
events –NEIAED cohort

In the NEIAED cohort, toxicities were encountered at dose
level 2, the first dose level where temozolomide was admin-
istered at a full dose of 200 mg/m2/day with everolimus at
2.5 mg/day. Although no DLTs were observed at this level,
three of four patients required a delay in the start of cycle 2
because of myelosuppression, and two of three patients had
the dose of temozolomide reduced to 150 mg/m2/day for
cycle 2. This experience suggested that for patients in the
NEIAED arm, a dosage of temozolomide at 200 mg/m2/day
could not easily be combined with everolimus, so temozo-
lomide dosing was fixed at subsequent dose levels to
150 mg/m2/day while escalating everolimus as planned.

The RP2D in the NEIAED cohort was 10 mg/day ever-
olimus with temozolomide 150 mg/m2/day. Eight patients
were enrolled at this level, and none had DLTs. This was
declared the recommended dose for the combination on the
basis that full single-agent doses of everolimus were given
and that PK data were comparable to those obtained for the
recommended dose of 10 mg/day for everolimus.

As shown in Table 3, common adverse effects included
mild fatigue, flushing, pruritus, rash, mucositis, nausea and
vomiting, headache and cough. Myelosuppression at this
dose level was mild: two patients had grade 3 thrombocy-
topenia, two had grade 3 lymphopenia and two had grade 2
granulocytopenia. Although pneumonitis is sometimes seen

Table 2 Patient characteristics

Patient characteristics NEIAEDs (n019) EIAEDs (n013)

Median age (range) 50 (24–67) 53 (43–71)

Gender

Male: female 15: 4 7: 6

Performance status

ECOG 0: 1: 2 13: 4: 2 8: 4: 1

Disease status

Newly diagnosed 17 12

Progressive disease 2 1

Prior therapy

Concurrent RT/chemo 17 13

Chemotherapy 2 1

Radiotherapy 19 13

# of prior chemo regimens

0 2 0

1 17 13

Measurable disease

Yes 17 11

No 2 2
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with mTOR inhibitors, only 4 patients in the NEIAED
cohort had pneumonitis: three grade 1 and one grade 2.

One patient enrolled in the NEIAED cohort at dose level
1 experienced grade 2 supraventricular arrhythmia (sinus
tachycardia) and grade 3 left ventricular systolic dysfunction
during cycle 3 and was removed from protocol therapy.

Recommended phase II dose (RP2D) and adverse
events –EIAED cohort

Accrual in the EIAED cohort was slower than in the NEI-
AED, and toxicities encountered by these patients are listed
in Table 3. One patient in the EIAED group was treated at
dose level 1, and this patient experienced no DLTs. Dose
level 2 enrolled six patients because one patient experienced
a protocol defined DLT of grade 4 thrombocytopenia and
cycle 2 delay exceeding 2 weeks due to grade 2 thrombo-
cytopenia. The three additional patients enrolled to this level
did not experience DLTs, and further dose escalations were
undertaken as per protocol guidelines. Two patients in the
EIAED arm were enrolled in the protocol defined third dose
level, and no DLTs were observed. At this point in the trial,
the recommended dose for NEIAED patients was estab-
lished, and all subsequent EIAED patients were enrolled at
this dose level to determine safety and PK. Four EIAED
patients were enrolled at a dose level of temozolomide
150 mg/m2/day with everolimus 10 mg/day because one
withdrew and was thereafter replaced. At this dose level
no DLTs were experienced and escalation halted despite
the MAD not having been reached. Because PK data sug-
gested more rapid clearance of everolimus in this cohort, a
recommendation was made that patients receiving EIAEDs
should switch to NEIAEDs before starting this regimen.
There were no SAEs or grade III or greater non-
hematologic toxicities reported in the EIAED cohort.

Pharmacokinetic results

Pharmacokinetic data are available from 13 patients in the
NEIAED cohort and ten in the EIAED cohort, and are sum-
marized in Supplementary Tables 1 and 2. Temozolomide PK
on days one and five were similar for all 150 mg/m2/day
dose levels and all 200 mg/m2/day dose levels in NEIAED
and EIAED cohorts respectively, being unaffected by the
presence of EIAEDs and increasing doses of everolimus
(Supplementary Figures 1 and 2). Moreover, the observed
temozolomide PK were similar to those expected from single
agent temozolomide based on historical data [25, 26].

In patients enrolled in the NEIAED cohort, the whole
blood exposure of everolimus increased with dose. Ever-
olimus PK were comparable when administered alone (cycle
1 day 15) and in combination with TMZ (cycle 1 day 5), in
patients belonging to the NEIAED cohort. There was no

evidence of influence of TMZ on everolimus pharmacokinetics
at the three dose levels of 2.5 mg, 5 mg and 10 mg everolimus
investigated in this study.

In patients in the EIAED cohort, there were fewer
patients at each dose level with evaluable PK samples. At
dose level 2 (n06), AUC was 105.67±35.83 ng.h/mL at
cycle 1 day 5, which was nearly 50% lower than
corresponding exposure of 243±142.52 ng.h/mL at cycle
1 day 5 observed in the NEIAED cohort (Fig. 1). Similarly
on cycle 1 day 15, AUC was 86.83±45.16 ng.h/mL in
EIAED cohort, while AUC was 171.50±150.61 in NEIAED
cohort (Fig. 2). These data suggest that concomitant admin-
istration of EIAEDs with everolimus, leads to decreased
everolimus exposure.

Fig. 1 Mean RAD001 AUC in blood at day 5 in EIAED and NEIAED
cohorts by dose level

Fig. 2 Mean RAD001 AUC in blood at day 15 in EIAED and
NEIAED cohorts by dose level
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Response data

Seventeen of 19 patients in the NEIAED cohort were evalu-
able for radiographic response. Of these, three PRs of
7.8 months median duration (range, 6.4–7.8 months) and 9
SDs (range, 2.7–11.5 months) were observed. No CRs were
documented, and five patients were removed from protocol
therapy due to PD. All PRs occurred in newly diagnosed
patients and are of uncertain significance given the con-
founding influence of radiotherapy. The response rate for
all evaluable patients in the NEIAED cohort was 17.6%
(95% CI: 3.8, 43.4%).

Eleven of 13 patients in the EIAED cohort were evalu-
able for radiographic response. No responses were ob-
served, seven patients had SD of median duration
38.3 months (range, 3.1–38.3 months) and four were re-
moved from study for PD.

Translational studies

PTEN analysis by immunohistochemistry of the original
formalin-fixed and paraffin-embedded glioblastoma surgical
sample was undertaken in 32 cases. Results were inconclu-
sive with no apparent differences in response and survival
between patients with PTEN intact and deleted tumors .

Discussion

This trial has demonstrated that the mTOR inhibitor ever-
olimus can be administered safely at a daily dosage of
10 mg in combination with temozolomide at 150 mg/m2/
day for five consecutive days in a 28-day cycle in patients
not receiving EIAEDs, and is the recommended phase II
dosage of this combination. At this dosage, the majority of
adverse effects were grades 1 and 2 and consistent with
known adverse effect profiles of mTOR inhibitors and of
temozolomide when these agents are administered as mono-
therapy. Notably, no new toxicities were encountered as a
consequence of this combination therapy, and no cases of
opportunistic infections were documented.

An objective of this study was the evaluation of pharma-
cokinetic endpoints. In the NEIAED group, there did not
appear to be any appreciable impact of temozolomide ad-
ministration on everolimus pharmacokinetic parameters,
and results are comparable to those seen with single agent
everolimus in phase I studies [19]. Moreover our data pro-
vided reassurance that everolimus did not affect temozolo-
mide exposure as the observed temozolomide PK in both
EIAED and NEIAED cohorts were similar to that expected
from single agent temozolomide based on historical data.
However, everolimus is metabolized through the CYP3A4/5
hepatic enzymes, and the use of EIAEDs appears to lead to

enhanced everolimus metabolism, resulting in diminished
overall exposure.

Although the manufacturer recommended schedule for
everolimus is a daily one, both weekly and daily oral doses
have been evaluated in phase I trials [19, 27]. Based on the
clinical safety profile and tumor pharmacodynamic studies,
these studies recommended a dosing of everolimus at either
10 mg/day or 50–70 mg/week. As expected, the maximum
serum steady-state concentration and area under the curve at
steady state are increased in the weekly as compared to daily
regimen. In this trial, a daily regimen was selected because
the daily regimen results in more profound and sustained
inhibition of the mTor pathway, an observation that may
possibly be related to much lower everolimus trough con-
centrations in the weekly as compared to daily schedule.

Most patients in both cohorts experienced disease stabi-
lization of various durations. Three partial responses in the
NEIAED cohort were documented, and these responses
were restricted to patients with newly-diagnosed GBM.
However, radiographic responses cannot be assessed reli-
ably in this study because the considerable treatment effect
of irradiation and the absence of tumor MGMT promotor
hypermethylation data make interpretation of radiographic
response and survival outcomes impossible.

PTEN expression by immunohistochemistry of archival
tumor specimens revealed no relationship between tumor
PTEN status and response. These results are consistent with
observations of others who have examined the impact of
PTEN expression on response to mTOR inhibitors [9, 28].

This study is the first to evaluate everolimus with temo-
zolomide in patients with GBM. Previous single agent stud-
ies of mTOR inhibitors in recurrent GBM given alone or in
combination with targeted agents have been disappointing
[10–13, 29]. Explanations for the absence of activity
reported to date in studies involving mTOR inhibitors in
recurrent GBM have included redundancy of signaling path-
ways, mutation of mTOR and associated binding proteins
and alteration of the downstream effectors of mTOR includ-
ing preferential inhibition of TOR complex 1 resulting in
aberrant paradoxical upregulation of AKT via increased
mTOR complex 2 activation [30, 31].

The study has determined a phase II dose of everolimus
and TMZ for GBM patients receiving adjuvant treatment
without EIAEDs,. Everolimus cannot easily be combined
with the recommended maximal dose of temozolomide
when administered as a 5-day regimen because of unaccept-
able myelosuppression. However the recommended daily
monotherapy dose of everolimus can be combined with
temozolomide at 150 mg/m2/day when given as a 5-day
regimen, and at this dose temozolomide is expected to have
adequate antitumor activity. Everolimus has demonstrable
anticancer activity, has been incorporated into the treatment
of renal cell carcinoma and neuroendocrine tumors and is
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being studied as part of combination therapy for several
cancers [18]. These encouraging developments suggest that
further evaluation of agents such as everolimus for the
treatment of central nervous tumors should continue. With
preclinical evidence for synergy between radiotherapy and
mTOR inhibitors [32], a phase I trial evaluating the safety of
radiotherapy, temozolomide and everolimus in patients with
newly diagnosed disease could lay the foundations for a
larger randomized trial comparing radiotherapy and temo-
zolomide with and without everolimus in patients with
newly diagnosed GBM.
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