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CLINICAL STUDY

Vandetanib plus sirolimus in adults with recurrent glioblastoma:
results of a phase I and dose expansion cohort study
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Abstract Targeting specific molecular alterations in
glioblastoma (GBM) might more effectively kill tumor
cells and increase survival. Vandetanib inhibits epidermal
growth factor receptor and vascular endothelial growth
factor receptor 2. Sirolimus inhibits mammalian target of
rapamycin (mTOR), a member the phosphoinositide
3-Kinase signaling pathway. We sought to determine the
maximum tolerated dose (MTD) and dose-limiting toxicity
(DLT) of vandetanib combined with sirolimus. Twenty-
two patients (14 men; 8 women) with recurrent GBM
enrolled. Median age and KPS were 52.5 years and 90 %,
respectively. Patients were naive to anti-VEGF and anti-
EGF therapy and mTOR inhibitors, and not on CYP3A4-
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inducing drugs. Vandetanib and sirolimus were orally
administered on a continuous daily dosing schedule in
escalating dose cohorts. Ten patients enrolled in the dose
escalation phase. Twelve more enrolled at the MTD to
explore progression-free survival at 6 months (PFS6) in a
single arm, single stage phase II-type design. In total, 19
patients received at least one dose at the MTD, and 15
completed at least 1 cycle at MTD. MTD was 200 mg
vandetanib plus 2 mg sirolimus. The DLT was elevated
AST/SGOT. The most common toxicities were lympho-
penia, fatigue, rash, and hypophosphatemia. For 19 patients
who received at least one dose at the MTD, including seven
from the phase I group, two had a partial response [10.5 %;
95 % CI (1, 33 %)] and PFS6 was 15.8 % [95 % CI (3.9,
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34.9 %)]. Vandetanib and sirolimus can be safely co-
administered on a continuous, daily dosing schedule.

Keywords Clinical trial - Chemotherapy - Glioblastoma

Introduction

Glioblastoma (GBM) is the most common primary malig-
nant brain tumor and recurrence is nearly inevitable [1];
average survival is approximately 1 year despite surgical
resection, radiation, and temozolomide [2]. Radiation and
temozolomide non-specifically target rapidly proliferating
cells by causing DNA damage. An alternative therapeutic
strategy is to target the specific molecular alterations upon
which GBM cells are dependent on survival. Multiple
signaling pathways are commonly aberrant in any given
tumor, and targeting individual members is not sufficient to
kill GBM cells [3-5]. For example, despite the high
prevalence of epidermal growth factor receptor (EGFR)
amplification and mutation in GBM, EGFR inhibition with
gefitinib or erlotinib did not improve patient outcomes [6—
8], although this may have been due to inadequate drug
levels reaching tumor cells [9]. This disappointment with
single agent targeted therapy has in turn led to an under-
standing that concomitant use of multiple targeted agents
may be necessary to increase patient survival.

We performed a phase I clinical trial with a dose
expansion cohort to test the combination of two targeted
therapies for recurrent GBM: vandetanib targets path-
ways that enable proliferation, invasion, and angiogene-
sis, while sirolimus impacts cell growth and metabolism.
Vandetanib is a receptor tyrosine kinase (RTK) inhibitor
that targets two frequently aberrant signaling pathways in
GBM [3]: vascular endothelial growth factor (VEGF) and
epidermal growth factor (EGF) signaling. Vascular
endothelial growth factor receptor 2 (VEGFR2, KDR) is
highly expressed on both tumor endothelial and glioma
cells and EGFR is commonly amplified and mutated in
GBM. In enzyme assays, vandetanib inhibits vascular
endothelial growth factor receptor2 tyrosine kinase
activity (ICso = 40 nM), and shows additional inhibitory
activity at sub-micromolar concentrations against rear-
ranged during transfection (RET) receptor tyrosine kinase
(inhibitory concentration [ICs0] = 100 nM), Flt-4 (VEGF
receptor3: ICsp = 110nM) and EGF  receptor
(IC50 = 500 nM) tyrosine kinases [10, 11]. In preclinical
testing, vandetanib prolonged survival of mice with
orthotopic glioma xenografts when administered imme-
diately after implantation. In subcutaneous xenografts,
vandetanib caused partial tumor regression in most
models examined [12]. A prior phase I trial with vand-
etanib as a single agent in patients with solid tumors
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established a maximum tolerated dose of 300 mg daily
[13].

Pathways that converge on PI3K/Akt/mTOR (phospha-
tidylinositol 3-kinase/mammalian target of rapamycin)
signaling play an important role in GBM. Mutations that
activate PI3K occur in ~15 % of primary GBM, and PI3K
is downstream of multiple aberrant receptor tyrosine kina-
ses (e.g. EGFR, PDGFRA, MET), as well as RAS, and it is
regulated by PTEN. Signaling in this pathway is altered in
87 % of primary GBM [3], making it a logical therapeutic
target. Sirolimus targets the pathway by directly inhibiting
mTOR, a key regulator of cell growth and metabolism. In
preclinical testing, mTOR inhibitors have shown antitumor
activity in malignant glioma [14, 15].

Vandetanib is approved by the United States Food and
Drug Administration (FDA) for medullary thyroid cancer.
It is metabolized by CYP3A4, and to a minor extent,
FMO1 and FMO3. While co-administration of CYP3A
inducers is to be avoided, no clinically significant inter-
action was observed between vandetanib and the potent
CYP3A4 inhibitor, itraconazole. The most common Com-
mon Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0) adverse reactions observed in treatment
with vandetanib include rash, nausea, headache, decreased
appetite, abdominal pain and grade 3—4 events of diarrhea/
colitis, hypertension and hypertensive crisis, QT prolon-
gation, and fatigue [16]. Common laboratory abnormalities
include decreased calcium, increased ALT/SGPT, and
decreased glucose.

Sirolimus is an FDA-approved immunosuppressant used
for the treatment and prophylaxis of renal transplant
rejections. It is metabolized in the liver via the CYP3A and
P-glycoprotein 1 systems. Patients treated with it have an
increased susceptibility to infections and lymphoma.
Additionally, common adverse reactions in sirolimus-
treated patients include hypertension, thromboembolism,
hypercholesterolemia, hyperlipidemia, hepatotoxicity,
anemia, thrombocytopenia, arthralgia, nausea, and head-
aches [17].

The rationale for the present study combining vandeta-
nib and sirolimus was to assess the safety and maximum
tolerated dose (MTD) of vandetanib and sirolimus in
patients with recurrent GBM. Additionally, in an expansion
phase of the trial, we sought to assess the proportion of
recurrent GBM patients treated at the MTD that were alive
and progression-free at 6 months.

Materials and methods
The study was approved by the institutional review board

at Dana-Farber/Harvard Cancer Center (Protocol 07-396).
All patients signed informed consent as per institutional
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guidelines. The study was in accordance with the ethical
principles outlined in the Declaration of Helsinki. Between
2/19/2009 and 11/30/2012, 22 patients were enrolled at
Massachusetts General Hospital and Dana-Farber Cancer
Institute.

Patient eligibility

Patients were eligible for the present study if they were
adults (age 18 or greater) with recurrent GBM on no
CYP3A4-inducing drugs, previously treated with standard
therapy including resection if feasible, radiation and tem-
ozolomide, no more than three prior chemotherapies, naive
to prior anti-VEGF, anti-EGF therapy or mTOR inhibitors
and had a Karnofsky performance status (KPS) >60 % and
mini-mental status examination (MMSE) score >15.
Patients must have been at least 3 months from the com-
pletion of radiation or radiosurgery and must have been
maintained on a stable or decreasing corticosteroid regimen
for at least 3 days prior to the start of treatment. Laboratory
prerequisites included: normal ANC and platelets, renal,
liver, and cardiac function. The patient could not be taking
any concomitant medication that might cause QT. pro-
longation, induce Torsades de Pointes or induce CYP3A4
function. Uncontrolled hypertension and hyperlipidemia
were also exclusions to enrollment.

Treatment and study design

We executed a standard phase I dose escalation in cohorts
of 3 plus 3 patients, followed by an exploratory analysis in
a dose expansion cohort. In the expansion cohort, we
sought, a priori, to study 15 patients who completed at least
1 cycle at the MTD (see statistical analysis below). Cycle
length and the DLT period were 28 days. Vandetanib was
supplied by AstraZeneca (Wilmington, DE). The starting
dose was 100 mg. Three to six evaluable patients (receiv-
ing at least 28 days of vandetanib) per cohort were treated
at different dose levels of vandetanib (100 mg daily,
200 mg daily, and a plan to go to 300 mg daily) in com-
bination with sirolimus (10 mg loading and 2 mg daily,
and a plan to go to 15 mg loading and 5 mg daily). The
study was designed such that cohort one was to have
completed at least 4 weeks of treatment before the next
cohort on the higher dose began therapy. The MTD was
defined as the dose combination that caused DLT in no
more than one of six patients having received at least
28 days of treatment. If one out of three patients had a dose
limiting toxicity, the cohort was to be increased to six
patients. If no others in that cohort had a DLT, then that
dose was to be declared the MTD; if two or more patients
out of six had a dose limiting toxicity, the dose of vande-
tanib was to be de-escalated by 100 mg daily and that was

to be declared the MTD. Patients were assessed for DLTs
each week for the first two cycles, and every other week
with subsequent cycles or with each laboratory evaluation
in cases of hematologic toxicities.

Parameters for declaring a DLT were defined as any of
the following occurring during the combination therapy:
Grade 3 or 4 thrombocytopenia or neutropenia for more
than a week; grade 3 or 4 non-hematologic toxicities for
more than a week felt to be related to the study medi-
cations; grade 3 or 4 nausea, emesis, or diarrhea for more
than 1 week that is not controllable with medications;
single QT. value of >550 ms or a sustained increase of
>100 ms from baseline. All toxicities were graded
according to National Cancer Institute’s CTCAE v3.0. A
patient’s first episode of venous thromboembolism (deep
venous thrombosis [DVT] or pulmonary embolus [PE])
was not considered a DLT, as patients with GBM have a
significantly increased likelihood of developing a PE and/
or DVT. Patients with thromboembolism were to be an-
ticoagulated with warfarin, low molecular weight heparins
or have an IVC filter placed and were to remain on study.
Subsequent episodes of DVT or PE were to be considered
a DLT. Response was assessed by MacDonald criteria
[18].

Statistical considerations

The primary objective of the study was to assess safety and
determine the MTD of the combination in the dose esca-
lation (Phase I) study. In the phase I study, patients were to
receive at least 28 days of vandetanib and sirolimus (unless
a DLT was observed) and have all study procedures per-
formed; if any patient did not meet these criteria, then a
replacement would be entered onto the study. A secondary
objective was to assess efficacy in a single arm expansion
cohort of patients treated at the MTD. A sample size of 15
participants who were treated at the MTD for at least
28 days was calculated with 91 % power to reject a null
hypothesis of less than or equal to 15 % alive and pro-
gression free at 6 months (APF6) rate using a one-sided
alpha = 0.10 test if the true APF6 rate was at least 47 %.
The study had an 80 % probability of observing, in at least
one participant, toxicities that occur with a true rate of at
least 10 %.

Results
Patient characteristics
Twenty-two patients with recurrent GBM received vande-

tanib and sirolimus as described in Table 1. Median age
was 52.5 years (range 33-71 years) and median KPS was
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Table 1 Serious or life threatening toxicities by dose level

Patient 5 No Yes G3 colitis possible 10
G4 thrombosis/thrombus/ possible
thromboembolism
Patient 6 Yes Yes G3 elevated AST/SGOT possible <1 (Dose limiting
toxicity)
Patient 8 No Yes G3 low phosphate probable 2
Patient 9 No Yes G3 headache possible 6
Patient 10 No No 2
Patient 14 No Yes G3 low phosphate probable 2

Did not receive treatment; Initially enrolled and the:

Patient 15 No No 8
Patient 16 No No 2
Patient 17 No Yes G3 prolonged QTc interval possible 4
Patient 18 No Yes G3 low lymphocytes possible 4

G3 photosensitivity rash possible

with pruritis

G3 hand-foot skin reaction definite

G4 thrombosis/thrombus/ possible

thromboembolism
Patient 19 No No 4
Patient 20 No No 2
Patient 22 No No 2
Patient 24 No No 1
Patient 26 Yes Yes G4 low lymphocytes possible 1
Patient 27 No No 2

Patient Dose limiting | Serious or life |Grade (G) and details Relationship to Number of
toxicity? threatening study completed cycles
toxicities? medications
Patient 1 No No 3
Patient 3 No Yes G3 low leukocytes possible 8
G3 low lymphocytes possible DOS'E level I: Lo )
100mg vandetanib + 2mg sirolimus™***
Patient 4 No No 12

Dose level 2:
200mg vandetanib + 2mg sirolimus***

Dose level 2:
200mg vandetanib + 2mg sirolimus***

n withdrew consent or were deemed ineligible, prior to receiving any treatment:

15 patients treated at
maximum tolerated
dose for at least 1
complete cycle

Patients treated less than 1 cycle

Patient 2 Not Applicable | Not Applicable
Patient 7 Not Applicable | Not Applicable
Patient 11 Not Applicable | Not Applicable
Patient 12 | Not Applicable | Not Applicable
Patient 21 Not Applicable | Not Applicable

at maximum tolerated dose (unevaluable):

Patient 13 No Yes G3 fatigue probable <1 (off trial for

G3 low phosphate possible progressive
disease)

G3 low lymphocytes probable
G3 low platelets probable
G3 low leukocytes probable

Patient 23 No Yes G3 fatigue possible <1
G3 high triglycerides probable

Patient 25 No No <1

Dose level 2:
200mg vandetanib + 2mg sirolimus***

Grade 3 and 4 toxicities that patients encountered at any time throughout treatment

* Maintenance dose of sirolimus is listed, after a 10 mg loading dose
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90 % (range 60-100 %). Eight patients (36 %) were
female. The median number of prior therapies was 2 (range
1-5), including re-resections. Ten patients were part of the
dose escalation cohort. Two of these were treated at the
MTPD for less than 1 cycle; one of these two was the patient
who experienced a DLT in the dose escalation phase of the
trial. Once MTD was determined, additional patients
enrolled so that a total of 15 patients completed at least one
cycle at the MTD. This took a total of 12 additional en-
rollees after the dose escalation phase. In all, a total of 19
patients initiated treatment at MTD, and of these, a total of
15 completed at least 1 cycle at MTD (Table 1).

Adverse events and toxicities

There were no toxicities for the first three patients, treated
at 100 mg vandetanib and 2 mg sirolimus (after 10 mg
loading dose of sirolimus). One patient of the first three
treated at 200 mg vandetanib and 2 mg sirolimus had a
study-defined DLT of grade 3 elevated AST/SGOT. None
of the next three evaluable patients treated at 200 mg had
toxicities within the first cycle, and by this trial’s design
(see Treatment and study design above), the MTD was
defined as 200 mg vandetanib with 2 mg sirolimus (after a
10 mg sirolimus loading dose). A total of nineteen patients
initiated treatment at the MTD, fifteen of whom completed
at least 1 cycle (Table 1). 10 out of 19 patients [95 % CI
(30, 75 %)] treated at the MTD had potentially treatment-
related grade 2, 3, and 4 adverse events that were
encountered in any cycle as summarized in Table 2. The
most commonly reported grade >2 adverse events proba-
bly or definitely related to the study drugs in this dose
expansion cohort were fatigue (five patients), rash (four
patients), and hypophosphatemia (three patients). There
were no deaths related to the study drugs. Considering
possible associations with vandetanib and/or sirolimus,
additional toxicities were: leukopenia (one patient, grade
3), lymphopenia (three patients, grade 3; one patient, grade
4), photosensitivity with pruritis (one patient, grade 3),
hypophosphatemia (one patient, grade 3), fatigue (one
patient, grade 3), colitis (one patient, grade 3), elevated
AST-SGOT (one patient, grade 3), prolonged QT. (one
patient, grade 3), headache (one patient, grade 3), and
thromboembolism (two patients, grade 4).

Response and survival

All analyses included patients who received at least a
single dose of vandetanib and sirolimus. In the dose
expansion cohort, 2 out of 19 patients achieved a partial
response [10.5 %; 95 % CI (1, 33 %)], median progres-
sion-free survival was 1.9 months [95 % CI (0.1,
1.9 months)]; 6-month progression free survival was

Table 2 Treatment-related toxicities, grade 2 or above

Toxicity Grade 2  Grade 3  Grade 4  Total
Hematologic

Thrombocytopenia 0 1 0 1
Leukopenia 0 2 0 2
Neutropenia 1 0 0 1
Lymphopenia 1 3 1 5
Dermatologic

Acne 4 0 0 4
Desquamation 3 0 0 3
Pruritis 0 1 0 1
Photosensitivity 0 1 0 1
Hand-foot rash 0 1 0 1
Endocrine

Hypertriglyceridemia 0 0 1
Hyperglycemia 1 0 0
Hypophosphatemia 1 3 0 4

Constitutional
Fatigue 4 2 0 6
Gastrointestinal
Anorexia
Nausea
Diarrhea

Colitis

O = =
- o o ©
o o o o

Liver function
Elevated AST/SGOT 0 1 0 1

Vascular

(=)
(=)
(3]
[\

Thrombosis/embolism
Other

Proteinuria

Prolonged QT interval
Headache

Insomnia

_— 0 O ==

0
1
1
0

S O O O

1
1
1
1

Grade 2 toxicities listed are those that were deemed probably or
definitely related to study medications by treating physicians

Grade 3 and 4 toxicities listed are those that were deemed possible,
probable or definitely related to study medications by treating
physicians

15.8 % [95 % CI (3.9, 34.9 %)]. Median overall survival
was 7.2 months [95 % CI (3.2, 8.8 months)] and 6-month
overall survival was 63 % [95 % CI (38, 80 %)].

For patients studied at all dose levels, median overall
survival was 7.7 months [95 % CI (4.7, 9.3 months)]; four
patients were still alive at the time of analysis (Fig. 1).
Median progression-free survival was 2.1 months [95 % CI
(0.9, 3.1 months)] and 6-month progression-free survival
was 18.2 %; one of these patients had received treatment at
the lowest dose level (Fig. 2).

If we were to consider those patients with at least one
cycle of treatment (as opposed to a single dose) at the MTD

@ Springer
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Fig. 1 Overall survival. Kaplan—-Meier survival curve for all patients
having received at least one dose of vandetanib and sirolimus at the
maximum tolerated dose
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Fig. 2 Progression-free survival. Kaplan—-Meier progression-free sur-
vival curve for all patients having received at least one dose of
vandetanib and sirolimus at the maximum tolerated dose

(15 patients), the median survival was 8.6 months [95 %
CI (4.87, NA)] and the median progression free survival
was 2.77 months [95 % CI (1.83, 3.27)].

Discussion

The phase I dose limiting toxicity of increased AST/SGOT
has been observed in other studies of vandetanib [19]. The
hematologic and dermatologic toxicities as well as fatigue
are reported to occur with vandetanib or the sirolimus
prodrug, temsirolimus [14, 19]. Although hypertension has
been described in other studies of vandetanib [19-21], it
was not noted in this study; significant QT prolongation
was observed in a single patient. Rash, as seen in other
trials of vandetanib monotherapy in patients with solid
tumors [20, 21], was similarly observed here. Diarrhea,
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which is also commonly encountered with vandetanib
treatment [20, 21], was not a prominent toxicity in the
patients enrolled in this trial. The two thromboembolic
events in this study was not disproportionate in the context
of the hypercoagulable state associated with glioblastoma
[22], although they were deemed possibly related to the
study drugs.

The progression-free survival proportion at 6 months
observed in the dose expansion cohort of the study was
greater than the 6.5 % reported for vandetanib mono-
therapy [23], 2.4—7.8 % for temsirolimus monotherapy [14,
24], and 3.1 % reported for erlotinib, an EGFR inhibitor,
combined with sirolimus [25]. While this might suggest
that the vandetanib and sirolimus combination has more
activity than these agents, comparisons are difficult given
the small numbers of patients studied. Responses in this
study were comparable to the historical controls of patients
with recurrent GBM treated with cytotoxic chemotherapy
[26], but again, the caveat is that our sample size was low.

This study had several limitations. We did not measure
pharmacokinetic (pK) or pharmacodynamic (pD) parame-
ters and we did not allow intra-patient dose variation of the
study drugs. Detailed pK and pD data is available with
vandetanib monotherapy [16, 27] and sirolimus [17, 28,
29]. As monotherapy, vandetanib has been well tolerated
and efficacious at doses up to 300 mg daily [30] however it
has not been previously studied in combination with an
mTOR inhibitor. Our study did not pre-select patients
based on pathology that demonstrated activation of the
VEGFR, EGFR, or PI3K/Akt/mTOR pathways. Tumor
tissue specimens were not available for retrospective ana-
lysis of association with clinical outcomes. By treating
unselected patients, the outcomes data from the dose
expansion cohort of the study may have underestimated the
response proportion.

In conclusion, the combination of vandetanib and si-
rolimus appears safe and feasible. The most commonly
observed toxicities were lymphopenia, rash, hypophos-
phatemia, and fatigue. While the APF6 of 15.8 % for
patients treated at MTD, and 18.2 % for all enrolled
patients, is modest, our findings suggest that the combi-
nation of vandetanib and sirolimus is safe to use in further
studies in patients with evidence of activation of these
pathways. In particular, this regimen could be considered
in combination with other agents targeting aberrant path-
ways in GBM.
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