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Abstract

Background. Cabozantinib is a potent, multitarget inhibitor of MET and vascular endothelial growth factor receptor
2 (VEGFR2).This open-label, phase Il trial evaluated cabozantinib in patients with recurrent or progressive glioblast-
oma (GBM).

Methods. Patients were initially enrolled to a starting cabozantinib dose of 140 mg/day, but the starting dose was
amended to 100 mg/day because of safety concerns.Treatment continued until disease progression or unacceptable
toxicity. The primary endpoint was objective response rate, assessed by an independent radiology facility using
modified Response Assessment in Neuro-Oncology criteria. Additional endpoints included duration of response,
6-month and median progression-free survival, overall survival, glucocorticoid use, and safety.

Results. Among 222 patients enrolled, 70 had received prior antiangiogenic therapy. Herein, we report results in
this subset of 70 patients. The objective response rate was 4.3%, and the median duration of response was 4.2
months. The proportion of patients alive and progression free at 6 months was 8.5%. Median progression-free
survival was 2.3 months, and median overall survival was 4.6 months. The most common adverse events reported
in all patients, regardless of dose group, included fatigue (74.3%), diarrhea (47.1%), increased alanine aminotrans-
ferase (37.1%), headache (35.7%), hypertension (35.7%), and nausea (35.7%); overall, 34 (48.6%) patients experi-
enced adverse events that resulted in dose reductions.

Conclusions. Cabozantinib treatment appeared to have modest clinical activity with a 4.3% response rate in
patients who had received prior antiangiogenic therapy for GBM.

Clinical Trials Registration Number: NCT00704288 (https://www.clinicaltrials.gov/ct2/show/NCT00704288)
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Importance of the study

GBM is a common CNS tumor with limited treatment
options. Antiangiogenic therapy with bevacizumab,
a VEGF pathway inhibitor, is a standard of care for
patients with recurrent disease, and therapies are
needed for patients who have progressed on this
treatment. Cabozantinib is an orally bioavailable
inhibitor of tyrosine kinases including VEGFR2, MET,

Glioblastoma (GBM) is a fatal disease that constitutes
45.6% of brain and CNS malignancies; is more com-
mon in adults, especially males; and peaks between 75
and 84 years of age." Despite current first-line treatment
options, disease recurrence is high, with approximately
one-third of patients surviving for 1 year, and <56% remain-
ing alive at 5 years." Current treatment options for recurrent
GBM are limited and may include surgery, reirradiation,
chemotherapy, tumor treating fields, and bevacizumab.?

GBM tumors are highly vascularized, and therapies that
inhibit angiogenic signals, such as vascular endothelial
growth factor (VEGF), have been shown to suppress tumor
growth in vivo.® Single-agent bevacizumab is approved in
the United States for treatment of recurrent GBM based
on durable objective response rates (ORRs).* Phase Il tri-
als that evaluated bevacizumab in patients with recurrent
GBM demonstrated median progression-free survival
(PFS) of approximately 4 months and median overall sur-
vival (OS) in the range of 8 to 9 months.5>¢ While bevaci-
zumab is a standard of care for recurrent GBM, the phase
Il Dutch BELOB trial reported 9-month OS rates of 38% for
bevacizumab, 43% for lomustine, 59% for bevacizumab/
lomustine 90 mg/m?, and 88% for bevacizumab/lomustine
110 mg/m? in patients with a first recurrence, suggesting
that single-agent bevacizumab is not superior to lomustine
and that the combination warrants further investigation.”
However, a phase lll trial of bevacizumab plus lomustine
compared with lomustine alone in patients with GBM at
first recurrence did not show improved OS for the com-
bination compared with lomustine alone: median OS was
9.1 months versus 8.6 months, respectively.®

Although bevacizumab-based therapy is commonly
used for treatment of recurrent GBM, prognosis remains
poor, and patients either do not respond or develop
treatment-acquired resistance.? Patients who experience
disease progression while receiving bevacizumab rarely
respond to further salvage therapy.® Currently, there is no
standard treatment for patients following progression on
bevacizumab, and other cancers post bevacizumab pro-
gression appear resistant to selective targeting of the VEGF
pathway. Therapies that target multiple pathways involved
in GBM pathogenesis are needed.'®'3 In vivo and in vitro
studies have shown that the MET proto-oncogene/hep-
atocyte growth factor (MET/HGF) pathways are important
mediators in the development of GBM."'7 |n particular,
high levels of MET are observed in recurrent GBM, and
MET overexpression is associated with poor response to
treatment and shorter PFS and median OS.'%'8 Preclinical
data suggest that MET overexpression may be responsible

and AXL. The MET pathway has been implicated in
resistance to bevacizumab therapy and the pathogen-
esis of GBM. The current study reports the results of
cabozantinib treatment in 70 patients who received
prior antiangiogenic therapy. Cabozantinib treatment
showed only modest clinical activity in this patient
population.

for the development of bevacizumab resistance and that
targeting MET may offer a mechanism to prevent or over-
come resistance.'"®The receptor tyrosine kinase AXL may
also be involved in GBM pathogenesis based on preclinical
studies and has been associated with a poor prognosis in
patients with GBM.20-23

Cabozantinib is a multitarget tyrosine kinase inhibi-
tor with potent activity against MET and VEGF receptor 2
(VEGFR2), as well as other kinases that have been impli-
cated in tumor pathobiology (AXL, KIT, RET, TIE2, and
FLT3).2* In preclinical studies, cabozantinib treatment
resulted in dose-dependent inhibition of tumor growth in
breast, lung, and glioma models and decreased tumor and
endothelial cell proliferation as well as reduced tumor vas-
culature in mouse models.?4#?% In a mouse xenograft model
of human GBM, cabozantinib treatment significantly
increased median OS compared with the placebo-treated
control (32 vs 20 days, respectively; P<0.0001).28

This phase Il trial examined the efficacy and safety of 2
starting doses of cabozantinib (140 mg/day and 100 mg/
day) in 222 patients with progressive or recurrent GBM.
As molecular changes in disease may contribute to the
development of resistance to antiangiogenic therapy, we
conducted separate subgroup analyses for patients based
on prior antiangiogenic therapy. Here we report the results
from the subgroup of 70 patients who had received previ-
ous antiangiogenic therapy before study entry. Results for
patients naive to antiangiogenic therapy are presented in
the companion article (Wen et al).

Materials and Methods
Patients

Eligible adult patients (=18 y old) had progressive or
recurrent GBM that was confirmed by gadolinium (Gd)-
enhanced MRI performed within 14 days of the first dose of
cabozantinib. Some entry criteria differed among patients
due to amendments to the protocol (see Supplementary
material). Patients were required to have received prior
radiation therapy and temozolomide (for patients enrolled
at the 100 mg/day dose), and could have also received
prior VEGF or VEGFR2 inhibitors. Eligible patients had a
Karnofsky performance status >60% and adequate hema-
tologic, renal, and liver function. Patients were excluded
if they had received prior anticancer therapy within speci-
fied time limits before the first dose of cabozantinib,
including anticancer therapy within 28 days (including
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investigational agents and biologic agents except bevaci-
zumab), bevacizumab within 14 days, or mitomycin C or
nitrosoureas within 42 days. All patients provided informed
written consent. The protocol was approved by ethics com-
mittees or institutional review boards at each investiga-
tor’s institution. This trial was conducted in accordance
with the principles of the International Conference on
Harmonisation of Technical Requirements for Registration
of Pharmaceuticals for Human Use (ICH) guideline for
Good Clinical Practice, the World Medical Association
Declaration of Helsinki, and Title 21 of the United States
Code of Federal Regulations.

Study Design

This phase Il, multicenter, open-label, single-agent study
evaluated 2 doses of cabozantinib in patients with recur-
rent or progressive GBM in first or second relapse. Patients
were defined to be enrolled upon receipt of the first dose of
cabozantinib. Cabozantinib was orally administered once
daily at a starting dose of 140 mg/day (freebase weight);
however, because rates of dose reduction and inter-
ruption at 140 mg/day were deemed to be high, and ini-
tial evaluations suggested continued efficacy with doses
that were reduced to <100 mg/day, the starting dose was
amended to 100 mg/day, and a cohort for initial qualitative
assessment of the safety and tolerability of the dose was
added (15 antiangiogenic pretreated patients planned).
Subsequently, another planned cohort of 45 antiangio-
genic pretreated patients was added at the 100 mg/day
dose. Patients were treated until disease progression or
unacceptable toxicity. To manage adverse events (AEs),
dose could be reduced to 100 mg (for those enrolled at
140 mg/day), 60 mg, and 40 mg; dose could be reduced
to lower than 40 mg after consultation with the sponsor.
Further details of the study design and protocol amend-
ments are provided in the Supplementary material.

Endpoints and Assessments

The primary endpoint was ORR assessed by an inde-
pendent radiology facility (IRF). Key secondary endpoints
included duration of response, median PFS, OS, and evalu-
ation of glucocorticoid use. Radiographic assessments by
Gd-contrast MRI were performed at screening and gen-
erally every 6 to 8 weeks thereafter (see Supplementary
material) and were assessed by the investigator for patient
management and by the IRF, BioClinica (formerly CoreLab
Partners [Princeton, NJ]). Tumor response and progression
were determined by modified Response Assessment in
Neuro-Oncology (RANO) criteria, which included the com-
ponents of radiographic assessment and glucocorticoid
use. For implementation in this study, the primary modi-
fications to the RANO criteria for time point responses
include defining operational conventions for changes in
glucocorticoid dose and removal of the clinical deterior-
ation component to reduce subjectivity and facilitate IRF
assessment. Neurologic and clinical status did not contrib-
ute to the response or progression criteria. Tumor assess-
ments for determination of response and progression for

the primary efficacy analyses were performed by an IRF
The minimum lesion size required for measurable disease
by IRF was 10 mm x 5 mm, reflecting the implementation
of RANO in this study before publication of the now stand-
ard 10 mm x 10 mm criterion for measurable disease.
Safety and tolerability assessments included monitoring
AEs, performing standard clinical laboratory tests (including
hematology, serum chemistry, and urinalysis) and physical
examinations, and recording electrocardiograms. Severity
of AEs was assessed by using the National Cancer Institute
Common Terminology Criteria for Adverse Events, ver-
sion 3. Serious AEs (SAEs) were defined in accordance with
the ICH Guidelines for Clinical Safety Data Management:
Definitions and Standards for Expedited Reporting, Topic E2A.

Statistical Analysis

Results for patients who received prior antiangiogenic
therapy are presented here. Efficacy and safety analyses
include all such patients enrolled unless otherwise speci-
fied. ORR was the proportion of subjects experiencing
a confirmed complete or partial response per modified
RANO criteria at any time during the study. ORR was com-
puted among patients with measurable disease at baseline
per modified RANO criteria and is presented with 2-sided
95% Cls. Forty-five patients were planned to evaluate ORR
in patients with prior antiangiogenic therapy with the fol-
lowing hypotheses (1-sided nominal alpha of 0.1 and power
of >80%): H;: ORR = 5% and H,: ORR = 15%. The primary
endpoint was to be analyzed in the last group of patients
enrolled at the 100 mg/day dose; however, for simplicity,
all patients who received prior antiangiogenic therapy at
the 100 mg/day dose were retrospectively combined for
the efficacy analyses presented here. See Supplementary
material for more details on the planned analyses.

PFS was calculated as the time from first cabozantinib dose
to the earlier of documented disease progression per modi-
fied RANO or death from any cause. OS was calculated as the
time from first cabozantinib dose to death from any cause.
Median PFS and OS and the associated 2-sided 95% Cls were
computed using the Kaplan-Meier method. All statistical ana-
lysis was performed using SAS version 8.2 or higher.

Results
Patient Characteristics

Of 222 patients enrolled between June 2008 and June
2012, 70 (32%) had received >1 prior antiangiogenic ther-
apy (Table 1). All subsequent results refer to this sub-
group. Baseline demographics and clinical characteristics
were similar between the 140 mg/day (n =12) and 100 mg/
day (n = 58) dose groups (Table 1). The study population
included mostly male patients (61.4%) with a median age
of 562.5 years (range, 23-71 y). Overall, the mean number
of previous anticancer therapies for GBM was 1.8 + 0.64,
and 57 patients (81.4%) had received prior bevacizumab.
The median duration of treatment was 5.7 weeks (range,
2.0-186.3) in the 140 mg/day group and 7.6 weeks (range,
1.4-47.9) in the 100 mg/day group.
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Efficacy

All patients (n = 70) had measurable disease at baseline
as assessed by the IRF and were included in the response
assessment. The results for ORR did not meet the prede-
fined statistical target for success. Objective responses

Table1 Baseline demographics and clinical characteristics

Characteristic Patients, n (%)

140 mg/day (n =12)

100 mg/day (n =58)

Age, y
Median (range) 53 (23-71) 52 (24-68)
Sex
Male 7 (58.3) 36 (62.1)
Female 5(41.7) 22 (379)
Race
White 11 (91.7) 54 (93.1)
Asian 0 1(1.7)
Other/not 1(8.3) 3(5.2)
reported
Karnofsky performance status
90-100 2(16.7) 36 (62.1)
70-80 10 (83.3) 20 (34.5)
<60 0 2(3.4)
Years since initial diagnosis
Median (range) 1.07 (0.6-3.5) 1.16 (0.5-7.2)
GBM type
Primary 11 (91.7) 55 (94.8)
Secondary 1(8.3) 3(5.2)
Prior radiotherapy for GBM
Yes 11 (91.7) 58 (100.0)
No 1(8.3) 0
Prior lines of systemic therapy
1 3(25.0) 19 (32.8)
2 9 (75.0) 35 (60.3)
>3 0 4(6.9)
Prior antiangiogenic therapy
Bevacizumab* 9 (75.0) 48 (82.8)
Other** 3(25.0) 10 (17.2)
Steroid use at baseline***
Yes 4(33.3) 23(39.7)
No/unknown 8(66.7) 35 (60.3)

*Four patients in the 140 mg/day group and 21 patients in the 100 mg/
day group received bevacizumab as part of initial therapy.

**(Other antiangiogenic therapies: vandetanib (5 patients); cediranib (4
patients); CT-322 (2 patients); sunitinib (1 patient); investigational VEGF
trap (1 patient). Two patients in the 140 mg/day group and 4 patients in
the 140 mg/day group received other antiangiogenic therapy as initial
therapy.

***Received at least 7 days of systemic steroids within 30 days

before the first dose of cabozantinib.

were observed in 3 (4.3%) patients, 33 (47.1%) had stable
disease, and 18 (25.7%) had progressive disease as best
response (Table 2). Sixteen patients (23%) were unevalu-
able for tumor response because they did not have an eval-
uable postbaseline tumor assessment. In the 3 patients
with objective responses, the durations of response were
1.2, 4.2, and 12.3 months. Among these patients, 1 had
received prior bevacizumab, and 2 had received other
antiangiogenic therapies. In patients with >1 evaluable
postbaseline tumor assessment (n = 62), 41 (66%) experi-
enced reductions in tumor volume (Fig. 1). The median fol-
low-up for scans was 1.5 months (range, 0.03-42.6) in the
140 mg/day group and 1.8 months (range, 0.03-11.0) in the
100 mg/day group.

Median PFS was 2.3 months overall, 3.3 months in the
140 mg/day group, and 2.3 months in the 100 mg/day group
(Fig. 2A). Median OS was 4.6 months overall, 4.1 months
(95% CI, 1.4-16.7 mo) in the 140 mg/day group, and
4.6 months (95% CI, 2.9-5.6 mo) in the 100 mg/day group
(Fig. 2B). At baseline, 33 patients (47.1%) reported systemic
steroid treatment. Among patients who reported any gluco-
corticoid use at baseline, there was a trend toward decreas-
ing glucocorticoid requirements over time (Fig. 3).

Safety

The most common treatment-emergent AEs included
fatigue (74.3%), diarrhea (47.1%), increased alanine ami-
notransferase (37.1%), headache (35.7%), hypertension
(35.7%), nausea (35.7%), constipation (34.3%), increased
aspartate aminotransferase (30.0%), dysphonia (28.6%),
increased lactate dehydrogenase (27.1%), proteinuria
(27.1%), and memory impairment (25.7%) (Table 3).

A total of 34 patients (48.6%) experienced AEs that
resulted in dose reductions, and the median time to first
dose reduction was 40.5 days (range, 13-173 days). Dose

Table2 Bestoverall response to treatment by modified RANO criteria
(per IRF)*

Parameter Patients, n (%)

140 mg/day
(n=12)

100 mg/day
(n =58)

Objective response rate 1(8.3) 2(3.4)

Best overall response
Confirmed partial 1(8.3) 2(3.4)
response
Stable disease 6 (50.0) 27 (46.6)
Progressive disease 2 (16.7) 16 (27.6)
Unevaluable or 3(25.0) 13 (22.4)
missing**

Duration of objective 12.3* 1.2+,4.2

response, mo

*Censored at the date of the last tumor assessment.

*All patients with measurable disease at baseline were included in
the response assessment.

“Unevaluable by modified RANO or no postbaseline tumor
assessments.
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Fig. 1

Best changes from baseline in IRF measurements of tumor lesions using modified RANO criteria in patients who had measurable

disease at baseline and >1 postbaseline radiographic scan. Lines indicate the threshold for response and progression per RANO criteria, >50%
decrease and >25% increase, respectively. Partial responses were confirmed in 1 patient in the 140 mg/day group and 2 patients in the 100 mg/

day group. *Confirmed partial response. "No prior bevacizumab therapy.

reductions were reported in 5 patients (41.7%) in the
140 mg/day group and in 29 patients (50.0%) in the 100 mg/
day group. Dose interruptions due to AEs occurred in 29
patients (41.4%). The median average dose was 123 mg/
day (range, 78.3-140 mg/day) in the 140 mg/day group,
and 92.6 mg/day (range, 48.1-100 mg/day) in the 100 mg/
day group. Overall, 12 patients (17.1%) discontinued treat-
ment due to AEs: 5 (41.7%) in the 140 mg/day group and 7
(12.1%) in the 100 mg/day group.

Grade 3 or 4 AEs were reported in 12 (100.0%) and 42
(72.4%) patients in the 140 mg/day and 100 mg/day groups,
respectively. Serious AEs were reported in 35 patients
(50%): 6 patients (50%) in the 140 mg/day group and 29
patients (50%) in the 100 mg/day group. Common SAEs
observed in patients treated in either dose group included
convulsion (5.7%, n = 4), alanine aminotransferase
increased (4.3%, n = 3), confusional state (4.3%, n = 3),
and disease progression (4.3%, n = 3). Sixty-three deaths
were reported: 10 (83.3%) in the 140 mg/day group and
53 (91.4%) in the 100 mg/day group. Deaths were attrib-
uted primarily to progressive disease. Grade 5 AEs were
reported in 6 patients (8.6%) in the 100 mg/day group and
no patients in the 140 mg/day group. Grade 5 AEs con-
sisted of disease progression (3 patients) and intracranial
tumor hemorrhage, general physical health deterioration,
and increased intracranial pressure with herniation (1
patient each). None of these grade 5 AEs were assessed as
related to study treatment.

Discussion

Additional therapies for patients with GBM whose disease
has progressed while receiving antiangiogenic agents are
needed. There is no standard of care for GBM patients who
have progressed on bevacizumab,5°?728 and there are only
scant reports of responses or prolonged stable disease fol-
lowing progression while on other antiangiogenic agents.?®

This phase Il trial examined the efficacy and safety of cabozan-
tinib in 70 patients with recurrent GBM who had progressed
on prior antiangiogenic therapy. The study did not meet the
predefined statistical target for success. Approximately two-
thirds of patients receiving cabozantinib had a reduction in
tumor lesions and 50% of patients achieved stable disease as
best response; however, the ORR was 4.3%, median PFS was
2.3 months, and median OS was 4.6 months (95% Cl, 3.0-
5.6 mo). These results are similar to the median PFS of 1.3
months reported in a retrospective analysis of patients who
received an alternative bevacizumab regimen after progress-
ing on bevacizumab® and a separate retrospective pooled
analysis that reported medians for PFS and OS of 2.8 months
and 5.9 months, respectively, in patients who continued on
bevacizumab after progression.?’ Similarly, median PFS was
approximately 1 month for dasatinib,® rilotumumab,® or
sunitinib® therapy in patients with recurrent GBM after pro-
gression on bevacizumab.

Reported AEs were similar to those observed with other
antiangiogenic agents, including bevacizumab, cediranib,
and pazopanib, in this patient population.5¢101" Adverse
events were managed with supportive care and dose
reductions or interruptions, and the overall duration of
treatment was >5 weeks. The rate of discontinuations due
to AEs and the rate of grade 3/4 AEs were higher in the
140 mg/day group than in the 100 mg/day group, although
SAEs and dose reductions were similar in the 2 groups.
Both higher and lower starting doses of cabozantinib have
been used in other indications. A cabozantinib dose of 140
mg/day has been used for the treatment of medullary thy-
roid cancer,® while a lower dose of 60 mg/day has been
used for advanced renal cell carcinoma.3

GBM may be one of the most comprehensive molecularly
characterized solid tumors,®® but molecular evaluations after
GBM progression are far less robust. Nonetheless, clinical
and preclinical data implicate a number of possible mecha-
nisms of resistance with antiangiogenic therapies in GBM,¢
and MET activation has been established as one of the
principal mechanisms, suggesting a need for multitarget
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Fig.2 Kaplan—Meier estimates of (A) progression-free survival and (B) overall survival by dose group on the basis of central assessment of

radiographic images.
Circles = censored records.

inhibitors in this setting.3” While cabozantinib targets mul-
tiple oncogenic pathways (MET, VEGFR2, AXL, KIT, RET,
TIE2, and FLT3),%4% it appears to have only modest clinical
activity in patients with progressive or recurrent GBM who
have received prior antiangiogenic therapy. More promising
activity was observed with cabozantinib in the subset of 152
patients not previously treated with antiangiogenic therapy
(ORR of 15% for the combined dosing cohorts and a median
PFS of 3.7 months in both cohorts; see companion article
by Wen et al). Overall, patient baseline characteristics were
similar in the naive and antiangiogenic treated patients with
the exception of prior therapies. Additional studies that

include molecular characterization of disease may help to
better characterize differences between naive and antiangio-
genic treated patients with GBM.

This was the first investigational trial utilizing an experi-
mental therapy in the treatment of patients with GBM who
had progressed on prior antiangiogenic therapy.The popu-
lation of patients with GBM progressing on bevacizumab
is an area of unmet need warranting further clinical inves-
tigation. Challenges in study design include how to bet-
ter define the study population (eg, prior antiangiogenic
therapies used, prior response obtained) and how to best
define a meaningful response (eg, ORR, PFS, survival).
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Fig.3 Average daily glucocorticoid dose up to last treatment date among patients who reported any glucocorticoid use at baseline.

Table3 Treatment-emergent adverse events (TEAEs) reported in >15% of patients in the 100 mg group

Adverse Event* Patients, n (%)

140 mg/day (n =12) 100 mg/day (n =58)

All Grades Grade 3/4 All Grades Grade 3/4
Any TEAE 12 (100.0) 12 (100.0) 58 (100.0) 42 (72.4)
Fatigue 8(66.7) 3(25.0) 44 (75.9) 12 (20.7)
Diarrhea 8(66.7) 2(16.7) 25 (43.1) 2(3.4)
ALT increased 4(33.3) 2(16.7) 22 (37.9) 4(6.9)
Headache 4(33.3) 1(8.3) 21 (36.2) 5 (8.6)
Nausea 5(41.7) 0 20 (34.5) 0
Hypertension 6 (50.0) 2(16.7) 19 (32.8) 4 (6.9)
Constipation 5(41.7) 1(8.3) 19 (32.8) 1(1.7)
AST increased 5 (41.7) 2(16.7) 16 (27.6) 3(5.2)
Blood LDH increased 3(25.0) 0 16 (27.6) 1(1.7)
Dysphonia 5 (41.7) 0 15 (25.9) 0
Memory impairment 3(25.0) 0 15 (25.9) 0
Convulsion 2(16.7) 1(8.3) 15 (25.9) 3(5.2)
Proteinuria 5(41.7) 0 14 (24.1) 2(3.4)
Confusional state 3(25.0) 0 14 (24.1) 5(8.6)
Cognitive disorder 2(16.7) 1(8.3) 13 (22.4) 0
Decreased appetite 4(33.3) 0 12 (20.7) 1(1.7)
Gait disturbance 3(25.0) 1(8.3) 12 (20.7) 3(5.2)
REES 3(25.0) 0 11 (19.0) 3(5.2)
Rash 3(25.0) 0 11 (19.0) 0
Depression 1(8.3) 0 11 (19.0) 0
Speech disorder 1(8.3) 1(8.3) 10 (17.2) 4(6.9)
Thrombocytopenia 0 0 9 (15.5) 5(8.6)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CTCAE, Common Terminology Criteria for Adverse Events; LDH,
lactate dehydrogenase; MedDRA, Medical Dictionary for Regulatory Activities; PPES, palmar-plantar erythrodysesthesia syndrome.
*MedDRA v. 15.0 Preferred Terms (converted to US spelling), CTCAE v. 3.0 grading.



Cloughesy et al. Cabozantinib in antiangiogenic pretreated glioblastoma

Supplementary Material

Supplementary material is available at Neuro-Oncology

online.

Funding

Research funding and financial support for medical editorial
assistance were provided by Exelixis, Inc (South San Francisco,
California).

We thank Stephanie K. Doerner, of Scientific Strategy Partners,
Inc, for her medical editorial assistance with this manuscript.
The authors are fully responsible for all content and editorial
decisions for this manuscript.

The conflict of interest statement follows:

Employment: J. Holland: Exelixis; J. Ping: Exelixis; R.
Weitzman: Exelixis

Leadership Position: None

Stock Ownership: A. Desjardins: Istari Oncology; J. Drappatz
Exelixis; J. Holland: Exelixis; J. Ping: Exelixis; R. Weitzman:
Exelixis

Honoraria: J. de Groot. Merck; J. Drappatz. Angiochem, Geron;
D. Reardon: Roche/Genentech, Merck, Amgen, Stemline, Novartis;
D. Schiff. Merck

Consultant and/or Advisory Role: T. Cloughesy: Roche/
Genentech, Amgen, Tocagen, NewGen, LPath, Proximagen,
Celgene, Vascular Biogenics Ltd, Insys, Agios, Cortice
Bioscience, Pfizer, Human Longevity, BMS, Merck, Notable
Lab, MedQlA; J. de Groot. Celldex, Deciphera Pharmaceuticals,
Foundation Medicine, Inc., AstraZeneca, Novartis, Genentech;
M.D. Prados: Novartis; D. Reardon: Roche/Genentech, Merck,
Amgen, Stemline, Novartis; M Chamberlain: Eli Lilly, Genentech/
Roche, Nativis, NeurOnc, Pharmacokinesis; D. Schiff. DSMC
member for Celldex, Vascular Biogenics; consultant/advisory
board for Tau Pharmaceutical, Genentech, Sigma Tau, Midatech,
Heron; T Mikkelsen: Celgene, Roche/Genentech; A. Desjardins:
Genentech USA, Inc, PTC Therapeutics; P Wen: Agios,
Genentech/Roche, Cavion, Cortice Biosciences, Foundation
Medicine, Insys, Monteris, Novartis, Vascular Biogenics, VBI
Vaccines.

Research Funding: J. de Groot. Eli Lilly, Sanofi-Aventis, EMD-
Serono, AstraZeneca, Novartis, Deciphera Pharmaceuticals;
D. Schiff. Novocure, Angiochem; P Wen: Acerta, Agios,
AstraZeneca, Ely Lilly, Exelixis, Genentech/Roche, Karyopharm,
Merck, Novartis, Oncoceutics, Sanofi-Aventis, Vascular
Biogenics; M.D. Prados: Genentech, Novartis; J. Drappatz.
Angiochem, AbbVie, Genentech, Celldex; A. Desjardins:
Genentech USA, PTC Therapeutics, Celldex

Patents, Royalties, Other Intellectual Property: A.
Desjardins: PVSRIPO (modified poliovirus—clinical)
Speakers’ Bureau: D. Reardon: Roche/Genentech, Merck; P
Wen: Merck; M Chamberlain: Genentech

ExpertTestimony: T. Cloughesy: Roche

Travel, Accommodations, Expenses: J. de Groot. Genen-
tech, Deciphera, Celldex; T. Mikkelsen: Celgene, Roche/

Genentech; J. Ping: Exelixis; M Chamberlain: Genentech; J.
Drappatz: Angiochem, AbbVie, Geron, Genentech

Other Relationship: J. de Groot: DSMB for VBL Therapeutics
and Novella

Prior Publication: Previous analysis of data presented in
part at 2010 ASCO Annual Meeting (oral presentation); abstract
published as Wen PY et al. J Clin Oncol. 2010;28(15 suppl): abstr
2006).

References

Ostrom QT, Gittleman H, Farah P, et al. CBTRUS statistical report: pri-
mary brain and central nervous system tumors diagnosed in the United
States in 2006—-2010. Neuro Oncol. 2013;15(Suppl 2):ii1—ii56.

NCCN. Anaplastic gliomas/glioblastoma. Clinical Practice Guidelines
in Oncology. Version 1. 2016. www.ncen.org. Accessed April 23,
2017.

Kim KJ, Li B, Winer J, et al. Inhibition of vascular endothelial growth
factor-induced angiogenesis suppresses tumour growth in vivo. Nature.
1993;362(6423):841-844.

Reardon DA, Turner S, Peters KB, et al. A review of VEGF/VEGFR-
targeted therapeutics for recurrent glioblastoma. J Nat/ Compr Canc
Netw. 2011;9(4):414-427.

Kreisl TN, Kim L, Moore K, et al. Phase Il trial of single-agent bevaci-
zumab followed by bevacizumab plus irinotecan at tumor progression in
recurrent glioblastoma. J Clin Oncol. 2009;27(5):740-745.

Friedman HS, Prados MD, Wen PY, et al. Bevacizumab alone and in
combination with irinotecan in recurrent glioblastoma. J Clin Oncol.
2009;27(28):4733-4740.

Taal W, Qosterkamp HM, Walenkamp AM, et al. Single-agent bevaci-
zumab or lomustine versus a combination of bevacizumab plus lomus-
tine in patients with recurrent glioblastoma (BELOB trial): a randomised
controlled phase 2 trial. Lancet Oncol. 2014;15(9):943-953.

Wick W, Brandes AA, Gorlia T, et al. EORTC 26101 phase Il trial
exploring the combination of bevacizumab and lomustine in patients
with first progression of a glioblastoma. J Clin Oncol. 2016(suppl;
abstr 2001):34.

Quant EC, Norden AD, Drappatz J, et al. Role of a second chemotherapy
in recurrent malignant glioma patients who progress on bevacizumab.
Neuro Oncol. 2009;11(5):550-555.

. Batchelor TT, Duda DG, di Tomaso E, et al. Phase Il study of cediranib,

an oral pan-vascular endothelial growth factor receptor tyrosine kin-
ase inhibitor, in patients with recurrent glioblastoma. J Clin Oncol.
2010;28(17):2817-2823.

. lwamoto FM, Lamborn KR, Robins HI, et al. Phase Il trial of pazopanib

(GW?786034), an oral multi-targeted angiogenesis inhibitor, for adults
with recurrent glioblastoma (North American Brain Tumor Consortium
Study 06-02). Neuro Oncol. 2010;12(8):855-861.

. Neyns B, Sadones J, Chaskis C, et al. Phase Il study of sunitinib mal-

ate in patients with recurrent high-grade glioma. J Neurooncol.
2011;103(3):491-501.

. Zustovich F, Landi L, Lombardi G, et al. Sorafenib plus daily low-dose

temozolomide for relapsed glioblastoma: a phase Il study. Anticancer
Res. 2013;33(8):3487-3494.


http://www.nccn.org

20.

21.

22.

23.

24,

25.

26.

Cloughesy et al. Cabozantinib in antiangiogenic pretreated glioblastoma

Abounader R, Laterra J. Scatter factor/hepatocyte growth factor in brain
tumor growth and angiogenesis. Neuro Oncol. 2005;7(4):436—451.
Arrieta O, Garcia E, Guevara P, et al. Hepatocyte growth factor is asso-
ciated with poor prognosis of malignant gliomas and is a predictor for
recurrence of meningioma. Cancer. 2002;94(12):3210-3218.

Kong DS, Song SY, Kim DH, et al. Prognostic significance of c-Met
expression in glioblastomas. Cancer. 2009;115(1):140-148.

Lu KV, Chang JP. Parachoniak CA, et al. VEGF inhibits tumor cell invasion
and mesenchymal transition through a MET/VEGFR2 complex. Cancer
Cell. 2012;22(1):21-35.

Liu W, Fu Y, Xu S, et al. c-Met expression is associated with time to
recurrence in patients with glioblastoma multiforme. J Clin Neurosci.
2011;18(1):119-121.

Jahangiri A, De Lay M, Miller LM, et al. Gene expression profile identi-
fies tyrosine kinase c-Met as a targetable mediator of antiangiogenic
therapy resistance. Clin Cancer Res. 2013;19(7):1773-1783.

Hutterer M, Knyazev P, Abate A, et al. Axl and growth arrest-specific gene 6
are frequently overexpressed in human gliomas and predict poor prognosis in
patients with glioblastoma multiforme. Clin Cancer Res. 2008;14(1):130-138.
Keating AK, Kim GK, Jones AE, et al. Inhibition of Mer and Axl receptor
tyrosine kinases in astrocytoma cells leads to increased apoptosis and
improved chemosensitivity. Mol Cancer Ther. 2010;9(5):1298—1307.
Onken J, Torka R, Korsing S, etal. Inhibiting receptor tyrosine kinase AXL with
small molecule inhibitor BMS-777607 reduces glioblastoma growth, migra-
tion, and invasion in vitro and in vivo. Oncotarget. 2016;7(9):9876-9889.
Vajkoczy P, Knyazev P. Kunkel A, et al. Dominant-negative inhib-
ition of the Axl receptor tyrosine kinase suppresses brain tumor cell
growth and invasion and prolongs survival. Proc Natl Acad Sci U S A.
2006;103(15):5799-5804.

Yakes FM, Chen J, Tan J, et al. Cabozantinib (XL184), a novel MET and
VEGFR2 inhibitor, simultaneously suppresses metastasis, angiogenesis,
and tumor growth. Mol Cancer Ther. 2011;10(12):2298-2308.

You WK, Sennino B, Williamson CW, et al. VEGF and c-Met blockade
amplify angiogenesis inhibition in pancreatic islet cancer. Cancer Res.
2011;71(14):4758-4768.

Navis AC, Bourgonje A, Wesseling P, et al. Effects of dual target-
ing of tumor cells and stroma in human glioblastoma xenografts with

21.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

a tyrosine kinase inhibitor against ¢-MET and VEGFR2. PLoS One.
2013;8(3):e58262.

Reardon DA, Herndon JE II, Peters KB, et al. Bevacizumab continuation
beyond initial bevacizumab progression among recurrent glioblastoma
patients. BrJ Cancer. 2012;107(9):1481-1487.

Rahman R, Hempfling K, Norden AD, et al. Retrospective study of
carmustine or lomustine with bevacizumab in recurrent glioblast-
oma patients who have failed prior bevacizumab. Neuro Oncol.
2014;16(11):1523-1529.

Scott BJ, Quant EC, McNamara MB, Ryg PA, Batchelor TT, Wen PY.
Bevacizumab salvage therapy following progression in high-grade gli-
oma patients treated with VEGF receptor tyrosine kinase inhibitors.
Neuro Oncol. 2010;12(6):603-607.

Lu-Emerson C, Norden AD, Drappatz J, et al. Retrospective study
of dasatinib for recurrent glioblastoma after bevacizumab failure.
J Neurooncol. 2011;104(1):287-291.

Wen PY, Schiff D, Cloughesy TF, et al. A phase Il study evaluating the
efficacy and safety of AMG 102 (rilotumumab) in patients with recurrent
glioblastoma. Neuro Oncol. 2011;13(4):437-446.

Kreisl TN, Smith P, Sul J, et al. Continuous daily sunitinib for recurrent
glioblastoma. J Neurooncol. 2013;111(1):41-48.

Elisei R, Schlumberger MJ, Miiller SP, et al. Cabozantinib in progressive
medullary thyroid cancer. J Clin Oncol. 2013;31(29):3639—3646.

Choueiri TK, Escudier B, Powles T, et al.; METEOR Investigators.
Cabozantinib versus everolimus in advanced renal-cell carcinoma.
N Engl J Med. 2015;373(19):1814-1823.

Brennan CW, Verhaak RG, McKenna A, et al; TCGA Research
Network. The somatic genomic landscape of glioblastoma. Cell.
2013;155(2):462-477.

Lu KV, Bergers G. Mechanisms of evasive resistance to anti-VEGF ther-
apy in glioblastoma. CNS Oncol. 2013;2(1):49-65.

Pope WB, Xia Q, Paton VE, et al. Patterns of progression in patients
with recurrent glioblastoma treated with bevacizumab. Neurology.
2011;76(5):432-437.

Presta LG, Chen H, 0'Connor SJ, et al. Humanization of an anti-vascular
endothelial growth factor monoclonal antibody for the therapy of solid
tumors and other disorders. Cancer Res. 1997;57(20):4593-4599.

ABoroouQ

-0INBN





