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Abstract

Background. The overall prognosis of glioblastoma (GBM) remains dismal, particularly for patients with
unmethylated O6-methylguanine-DNA-methyltransferase (MGMT) promoter. In this phase Il trial, we tested the
combination of the antiangiogenic agent sunitinib with radiotherapy and temozolomide (TMZ) for newly diag-
nosed unmethylated MGMT GBM patients.

Methods. We enrolled 37 patients with unmethylated MGMT promoter GBM, age 18-70, and KPS >70. Patients
received 12.5 mg of daily sunitinib for 7 days, followed by concurrent chemoradiation plus 12.5 mg sunitinib, then
adjuvant TMZ. The primary endpoint was progression-free survival (PFS), and secondary endpoints were overall
survival (OS), safety, and neutrophil-to-lymphocyte ratio (NLR) biomarker.

Results. At a median follow-up time of 15.3 months (range: 3.1-71.3 months), the median PFS was 7.15 months
(95% CI: 5.4-10.5) and the 6-month PFS was 54.0%. Median OS was 15.0 months (95% CI: 13.8-19.4) and 2-year OS
rate was 17.1%. Patients receiving >3 cycles of adjuvantTMZ, undergoing surgery at progression, and presenting a
post-concurrent NLR <6 experienced a significant improved OS with hazard ratios of 0.197 (P=.001), 0.46 (P =.049),
and 0.38 (P=.021), respectively, on multivariable analysis. Age >65 years predicted for worse OS with hazard
ratio of 3.92 (P=.037). Grade >3 thrombocytopenia occurred in 22.9%, grade >3 neutropenia in 20%, and grade >3
thromboembolic events in 14.3% of patients. There were no grade 5 events.

Conclusion. Our findings suggest a potential benefit of combining sunitinib with chemoradiation in newly diag-
nosed GBM patients with unmethylated MGMT status and provide a strong rationale to test this combination in
future studies.

Key Points

Our data suggest a potential benefit of combining sunitinib with chemoRT in MGMT
unmethylated GBM.

Sunitinib potentially sensitizes MGMT unmethylated GBM to adjuvantTMZ.

NLR is a potential biomarker to identify responders to Sunitinib and chemoRT.
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Importance of the Study

The overall prognosis of GBM remains dismal, par-
ticularly for patients with unmethylated MGMT
promoter. Thus, new treatment strategies are war-
ranted for this population. This study is the first phase
Il clinical trial to combine the antiangiogenic drug
sunitinib with standard-of-care chemoradiation in
the treatment of newly diagnosed GBM patients with
unmethylated MGMT promoter. This is a hypothesis-
generating analysis that suggests a potential ben-
efit of combining sunitinib with chemoradiation in this

Glioblastoma (GBM) is the most common and aggres-
sive primary malignant brain tumor in adults. The current
standard of care for newly diagnosed GBM consists of
maximal safe surgical resection followed by concurrent
radiotherapy (RT) and temozolomide (TMZ), followed by
adjuvant TMZ chemotherapy.’?2 However, even with ad-
vances in treatment modalities, the overall prognosis of
GBM remains dismal. Indeed, GBM patients have a median
survival time of 15 months when treated with the standard
of care’? and only 12 months when treated with surgery
and RT alone.3* Hegi et al.,® in a subset of 203 patients
from the EORTC/NCIC phase lll trial, showed that patients
with unmethylated MGMT promoter did not derive a sig-
nificant benefit from combined TMZ plus RT (median OS,
12.7 months) compared with those with methylated MGMT
promoter (median OS, 21.7 months).> Thus, alternative
strategies are warranted to improve the poor outcome of
patients with unmethylated MGMT promoter tumors who
do not derive benefit fromTMZ-based therapy.

GBM, one of the most vascularized cancers, supports
tumor growth through angiogenesis®® and overexpression
of many angiogenic growth factors and their receptors,®
most notably the vascular endothelial growth factor
(VEGF) and its receptors VEGFR-1/FLT-1 and VEGFR-2/KDR/
FLK-1.9" Sunitinib (Sutent, SU11248) is an oral small mol-
ecule multitargeted receptor tyrosine kinase (RTK) inhib-
itor with antiangiogenic and antitumor activities. It targets
multiple RTKs, including VEGFR-1/-2/-3, PDGFRa/B, stem
cell factor receptor, FLT3, RET, and CSF1-R.'2 Sunitinib has
been FDA approved for metastatic renal cell carcinoma, 34
gastrointestinal stromal tumors,'® and pancreatic neuroen-
docrine tumors. The complex molecular heterogeneity of
GBM tumors and their highly angiogenic profile instigated
the rationale to design preclinical studies aiming to exploit
the multitargeted RTK antiangiogenic and antitumor ac-
tivities of sunitinib either alone®'® or in combination with
RT" in human GBM.The role of sunitinib was investigated
in a phase Il study of recurrent GBM' and there are sev-
eral clinical trials investigating its use in the recurrent set-
ting." However, thus far, the potential benefit of sunitinib
in the upfront treatment of newly diagnosed GBM patient
in combination withTMZ and RT has not been investigated.

In a preclinical study, our group showed that GBM cells
overexpressing MGMT displayed a reduced angiogenic
phenotype, which was associated with a greater in vitro

population. Importantly, the results of the study sug-
gest that sunitinib potentially sensitizes patients with
unmethylated MGMT to adjuvant temozolomide and
that the neutrophil-to-lymphocyte ratio may prospec-
tively identify patients who would better respond to the
addition of sunitinib to standard chemoradiation. We
believe that these results provide the basis for further
studies to define the role of sunitinib in the treatment
of newly diagnosed GBM patients with unmethylated
MGMT promoter.

response to sunitinib in combination with RT +TMZ com-
pared with MGMT(-) cells.?2’> Moreover, MGMT expression
was associated with decreased ability to induce endothe-
lial tube formation in vitro and low tumorigenicity in vivo
compared with MGMT(-) cells, suggesting a role for MGMT
in a shift toward a decreased angiogenic profile.?’ Based
on these findings, we hypothesized that MGMT might be
an upstream modulator of genes involved in angiogenesis.
We also hypothesized that addition of the antiangiogenic
agent sunitinib to chemoradiation could lead to improved
disease outcome for GBM patients with unmethylated
MGMT promoter.Thus, in this phase Il trial, we have tested
for the first time the combination of sunitinib with RT and
TMZ in newly diagnosed GBM patients displaying tumors
with unmethylated MGMT promoter. We are reporting
here, the progression-free survival (PFS) as a primary
endpoint, as well as overall survival (OS) and treatment-
related toxicities as secondary objectives. We also investi-
gated the association between survival outcomes and the
neutrophil-to-lymphocyte ratio (NLR), a noninvasive prog-
nostic systemic inflammatory biomarker in GBM?'-23 with
a predictive value for response to sunitinib in other solid
tumors.?4%

Methodology
Patient Eligibility

Patients 18-70 years of age with newly diagnosed and
histologically confirmed GBM and an unmethylated
MGMT promoter status verified by methylation-specific
polymerase chain reaction (MS-PCR) were eligible for
this study. Patient eligibility also included Karnofsky
performance status (KPS) of 70 or higher, no prior his-
tory of brain tumors, RT to the brain, chemotherapy or
antiangiogenic therapy, and a life expectancy of at least
6 months. Patients must have had the capacity to under-
stand the informed consent form and be willing to sign
the written informed consent document prior to regis-
tration. Normal baseline organ and marrow functions
were required. For patients who have undergone tumor
resection, a minimum of 14-28 days must have elapsed
from the date of the surgery until the first day of the
preconcurrent phase. For patients who had a stereotactic
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biopsy, a minimum of 14 days must have elapsed from
the date of the biopsy to the first day of the preconcurrent
phase.

This phase Il study number A01-M121-11A (McG1132)
was reviewed and approved by McGill Faculty of Medicine
Institutional Review Board. All patients gave written
informed consent before participation in the study
(ClinicalTrials.gov Identifier: NCT02928575).

Study Design and Treatment Response
Evaluation

This was a single arm, open label, phase Il trial exploring
the combination of sunitinib with standard-of-care
chemoradiation in newly diagnosed GBM patients with
unmethylated MGMT promoter. Patients were enrolled
at 2 centers, the McGill University Health Centre (MUHC,
Montreal, Canada) and theTom Baker Cancer Centre (TBCC,
Calgary, Canada) between 2012 and 2017.The experimental
design is shown in Supplementary Figure 1. Patients re-
ceived 12,5 mg of Sunitinib daily for 1 week prior to
(preconcurrent phase) and during chemoradiation (concur-
rent phase) consisting of 60 Gy in 30 fractions and daily 75
mg/m?TMZ. This was followed after a 4 week break by ad-
juvantTMZ 150-200 mg/m? daily for 5 days every 28 days
for 6 months (adjuvant phase).The first 7 recruited patients
received 25 mg of sunitinib daily, however, given con-
cerns for grade 3-4 toxicities, the protocol was amended
to give 12.5 mg of sunitinib daily. Assessments were made
throughout the study via MRI imaging, blood tests, and
physical examinations as shown in Supplementary Figure
1. Additional blood samples were taken for biomarker anal-
ysis, notably the NLR. Adverse events (AEs) were recorded
as per the Common Terminology Criteria for Adverse
Events v3.0 (CTCAE v3.0). In the case of grades 3-4 AEs,
sunitinib was discontinued. Patients removed from study
due to AEs were continuously followed for outcome and
long-term toxicities. Treatment continued until disease pro-
gression, unacceptable AE, patient withdrawal from the
clinical trial, or changes in patient’s condition not allowing
for further treatment. After treatment completion, patients
were followed monthly for the next 6 months and quarterly
thereafter.

Study Endpoints

The primary endpoint of this study was PFS, defined as
the length of time between the date of diagnosis and the
date of disease progression as determined based on the
Response Assessment in Neuro-Oncology (RANO) cri-
teria.?6 Secondary objectives included OS, treatment-
related AEs, and NLR as a biomarker/predictor for survival.
OS was defined as the length of time between the date of
diagnosis and the date of death. NLR was calculated as neu-
trophil count divided by lymphocyte count for blood sam-
ples taken at different time points Supplementary Figure
1): “pre-treatment” (T1), defined as the baseline NLR prior
to the preconcurrent phase; “concurrent” (T3), 1 week after
start of concurrent treatment; and “post-concurrent” (T4)
following the end of concurrent treatment phase.

Data and Statistical Analysis

A power analysis was conducted to determine the min-
imum sample size required to test the study hypoth-
esis. The required sample size to achieve 90% power for
detecting a 20% difference in PFS from 54% as reported in
the Stupp trial" to 74%, using a 10% significance level, was
N = 45. However, recruitment was challenging,?” and only
37 patients could be enrolled from the 2 centers between
2012 and 2017 The cancer-specific survival outcomes (PFS
and OS) were calculated using the Kaplan—-Meier method
and a P value <.05 was considered as statistically sig-
nificant.?® Cox proportional hazard regression model
(univariable and multivariable) was used to derive hazard
ratio (HR) with 95% confidence interval,? adjusted for age,
extent of surgery, number of adjuvantTMZ cycles, surgery
at time of progression, and whether sunitinib was discon-
tinued or not during the treatment.The optimal NLR cutoffs
to best predict survival outcomes in our cohort was deter-
mined using a “landmark approach” statistical analysis
which fits a separate Cox regression model for each land-
mark time point assuming that the effects of covariates on
clinical outcome remain the same over time, as previously
described.%°

Results
Study Population and Patient Characteristics

Forty-one patients newly diagnosed with GBM were
screened between 2012 and 2017, 16 patients were from the
MUHC, and 25 patients were from the TBCC. Thirty-seven
of these patients were enrolled and 4 patients were not
eligible. Results are reported on a total of 35 patients as
2 patients stopped sunitinib during the first week of treat-
ment (preconcurrent phase) due to toxicities. Median fol-
low-up time is 15.3 months (range: 3.1-71.3 months). The
patient and treatment characteristics are summarized in
Table 1. Thirty-two/35 patients (91.4%) were <65 years
old and 28/35 patients (80.0%) had a KPS of >90%. Gross
tumor resection (GTR) as defined on postoperative MRI,
was achieved in 19/35 patients (54.3%), 16/35 patients
(45.7%) had a subtotal resection (STR) or biopsy. MGMT
promoter methylation status was confirmed in all patients
by MS-PCR. IDH1 R132H mutation was only present in 2/35
patients (5.7%). 33/35 patients (94.3%) received the full
dose of RT (60 Gy/30 fractions) and 17/35 patients (48.6%)
completed >3 cycles of adjuvant TMZ. Finally, reoperation
was performed at first time of tumor progression for 25/35
patients (71.4%).

Treatment Efficacy of Sunitinib Combined with
RT and TMZ in Newly Diagnosed Unmethylated
MGMT GBM Patients

PFS and OS results are presented in Table 2 and Figure
1. Given that the study was underpowered, our anal-
ysis changed to a hypothesis generating rather than a
hypothesis-confirming approach. Median PFS was 7.15
months (95% Cl: 5.4-10.5 months). 6-month PFS was
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Table 1. Patient Characteristics
Patient Cohort (N = 35)
Characteristics N %
Age, years
Median 52
Range 30-76
Sex
Male 24 68.6%
Female 1 31.4%
Karnofsky performance status
90%-100% 28 80.0%
70%-80% 7 20.0%
Extent of surgery
GTR 19 54.3%
STR/Biopsy 16 45.7%
RT dose
60 Gy/30 33 94.3%
<60 Gy 2 5.7%
Number of adjuvantTMZ cycle
<3 cycles 18 51.4%
>3 cycles 17 48.6%
Surgery at time of progression
No 10 28.6%
Yes 25 71.4%
Treatment interruptions/delays
Pre-concomitant phase
Sunitinib 0 0.0%
Concomitant phase
Sunitinib 1 31.4%
RT 7 20.0%
T™™Z 1 2.9%

54.0% (95% Cl: 40.0%-73.6%). Median OS was 15.0 months
(95% CI: 13.8-19.4 months). Two-year OS rate was 17.1%
(8.2%-35.5%) and 3-year OS rate was 6.1% (1.5%—-22.9%).
Importantly, there were 2 patients that survived longer
with 1 patient living up to 55 months post-initial surgery
(IDH-wildtype) and the last patient in the cohort living up
to 72 months (IDH1 R132H mutated).

Factors Associated with Improved Survival
Outcomes

Univariable and multivariable Cox regression were per-
formed to identify independent prognostic factors that
may be associated with improved survival outcomes.
There were no independent factors significantly as-
sociated with improved PFS (Table 3A). Age >65 was
associated with worse OS with a 3.9-fold increase in
risk of death (HR 3.92, 95% CI: 1.09-14.13, P=.037) on
multivariable analysis when adjusted for extent of sur-
gery, number of adjuvant TMZ cycles, surgery at time

Table 2. Progression-free Survival and Overall Survival in Patient
Newly Diagnosed Glioblastoma Patients with Unmethylated MGMT
Promoter-treated with Combined Sunitinib, Temozolomide, and
Radiotherapy

Variable Value (95% Cl)

Progression-free survival (PFS)
Median PFS (months)
6-month PFS (%)

Overall survival (OS)

Median OS (months)
2-year OS (%)
3-year OS (%)

7.15 (5.4-10.5)
54.0% (40%-73.6%)

15 (13.8-19.4)

17.1% (8.2%-35.5%)
6.1% (1.5%—22.9%)

—= Progression free survival

Progression free survival
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)
=)
1

0 6 12 18 24 30 36
Time (months)

Number at risk: 35 21 9 3 3 2 2

— Overall survival

e
® o
o o
1 1

Overall survival
probability (%)
[=2]
o
1

Time (months)
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Figure 1. Kaplan—-Meier estimates of progression-free survival
(A) and overall survival (B) in newly diagnosed unmethylated
MGMT GBM patients treated with combined Sunitinib,
Temozolomide and Radiotherapy. Patients were assessed from
time of diagnosis to time of tumor progression clinically or by MR
imaging as per RANO criteria.

of progression, and whether sunitinib was discon-
tinued or not during the treatment (Table 3B, Figure
2A). Interestingly, having received >3 cycles of adjuvant
TMZ was significantly associated with improved OS on
multivariable analysis when compared with having re-
ceived <3TMZ cycles (Table 3B, Figure 2B), with a HR of
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Table 3. Clinical Variables Associated with Progression-free Survival

(A) Progression-free survival

Multivariable

and Overall Survival

Characteristics Univariable
Hazard Ratio 95% ClI
Age >65 0.825 0.250
Extent of surgery
STR/BIOPSY 1.297 0.649
Sunitinib interruptions/delays 1113 0.524
Number of adjuvantTMZ cycles
TMZ.cycle <3 1.00
TMZ cycle >3 0.483 0.240
Surgery at time of progression 0.893 0.420
Neutrophil-to-lymphocyte ratio
Pretreatment NLR <6 1.221 0.561
Concurrent NLR <6 0.684 0.285
Post-concurrent NLR <6 0.683 0.313

(B) Overall survival

P-value Hazard Ratio 95% Cl
2.726 0.752 0.821 0.248 2.715 0.747
2.594 0.462 1.389 0.681 2.834 0.367
0.524 0.781 0.801 0.357 1.798 0.590
1.00
0.960 0.038 0.228 0.080 0.63 0.004
1.902 0.770 1.074 0.503 2.294 0.853
2.655 0.615 1.241 0.569 2.708 0.587
1.645 0.397 0.686 0.285 1.650 0.400
1.490 0.338 0.640 0.283 1.449 0.285

Characteristics Univariable Multivariable
Hazard Ratio 95% Cl Hazard Ratio 95% Cl
Age >65 years 3.919 1.084 14.170 0.037 3.920 1.087 14.128 0.037
Extent of surgery
STR/BIOPSY 1.792 0.901 3.564 0.096 1.743 0.840 3.621 0.136
Sunitinib interruptions/delays 1.363 0.644 2.886 0.419 1.550 0.714 3.364 0.268
Number of adjuvantTMZ cycles
TMZ cycle <3 1.00 1.00
TMZ cycle >3 0.347 0.170 0.720 0.004 0.197 0.070 0.530 0.001
Surgery at time of progression 0.424 0.199 0.902 0.026 0.456 0.208 0.997 0.049
Neutrophil-to-lymphocyte ratio
Pretreatment NLR <6 1.073 0.494 2.333 0.859 1.073 0.492 2.341 0.859
Concurrent NLR <6 0.480 0.198 1.164 0.104 0.510 0.210 1.240 0.137
Post-concurrent NLR <6 0.371 0.162 0.850 0.019 0.379 0.166 0.864 0.021

Univariable and multivariable Cox regression analyses showing factors

associated with improved progression-free survival (Table 3A) and overall

survival (Table 3B). Multivariable analysis was adjusted to age, extent of surgery, number of adjuvant TMZ cycles, surgery at time of progres-
sion, sunitinib discontinuation, and neutrophil-to-lymphocyte ratio <6. Significant Pvalues are highlighted in bold. STR, subtotal resection; TMZ,

temozolomide.

0.197 for death (95% Cl: 0.07-0.53, P=.001). Having re-
ceived >3 cycles of adjuvant TMZ was also associated
with improved PFS with a HR of 0.228 (95% CI: 0.08-0.63,
P=.001, Table 3B). Having a STR/biopsy was not signifi-
cantly associated with worse OS in this cohort compared
with patients that had GTR (HR 1.74, 95% CI: 0.84-3.62,
P =.136). However, additional tumor resection at the time
of tumor progression was significantly associated with
improved OS when compared with no additional sur-
gery, with a HR of 0.46 (95% ClI: 0.21-0.99, P =.049; Figure
2C). Delays or interruptions in sunitinib regimen during
the concurrent treatment phase were not associated with
worse OS (HR 1.55, 95% CI: 0.714-3.36, P=.268) and no
other variables were associated with significantly im-
proved PFS (Table 3B).

Association between Post-concurrent NLR
and Response to Sunitinib in Patients with
Unmethylated MGMT GBM

Increasing evidence supports the use of NLR as a bi-
omarker of systemic inflammation. Specifically, in-
creased NLR has been correlated with poor prognosis
in cancer, while its decrease predicts tumor response
to treatment.?’23-253" Thus, we measured variations
in NLRs values for patients treated with sunitinib and
chemoradiation in this cohort during the pretreatment
(baseline), concurrent, and post-concurrent phases
of treatment. NLR values were not available for all pa-
tients in all phases of the treatment, thus results are re-
ported for a total of 28/35 patients (80%). The median
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Figure 2. Clinical variables significantly associated with overall survival in newly diagnosed GBM patients with unmethylated MGMT promoter
treated with combined sunitinib, Temozolomide, and Radiotherapy. Kaplan—Meier curves for overall survival showing clinical variables that are
significantly associated with overall survival on Cox regression and their Pvalues: age (A), number of TMZ cycles (B), surgery at time of progres-

sion (C), and post-concurrent neutrophil-to-lymphocyte ratio (D).

pretreatment NLR was 5.81 (range 1.00-16.86), median
concurrent NLR was 4.08 (range 1.39-12.60), and me-
dian post-concurrent NLR was 4.0 (range 0.4-17.70),
showing a gradual decrease in the NLR during treat-
ment (Supplementary Figure 2A). In order to determine
the optimal NLR cutoff that could best predict survival
outcomes in our cohort, we performed a “landmark ap-
proach” statistical analysis, previously used to identify
significant changes in blood markers during a longitu-
dinal treatment and which fits a separate Cox regres-
sion model for each landmark time point assuming that
the effects of covariates on clinical outcome would not
remain the same over time.®® Using this approach, we
showed that patients with a lower PFS (<6 months) or
OS (<12 months) tended to have higher NLR values com-
pared with those with longer PFS (>12 months) and OS
(>2 years), respectively, and this was true in all phases of
treatment (Supplementary Figure 2B-G). We determined
an NLR cutoff of 6 to be the best at assessing the cor-
relation between NLR and survival outcomes in this co-
hort. Based on these distributions we defined patients
with a NLR <6 as “sunitinib responders” and those with
NLR >6 as “sunitinib non responders.” Indeed, we show

on univariable and multivariable Cox regression anal-
ysis that a post-concurrent NLR <6 is strongly associated
with improved OS, with a HR of 0.38 for death (95% CI:
0.166-0.864, P=.021) on multivariable analysis (Table
3B, Figure 2D).

To validate our approach and confirm that post-
concurrent NLR <6 is a strong predictor of better OS in
our cohort, we compared the characteristics of patients
with NLR <6 and those with NLR >6 to rule out any
confounders (Supplementary Table 1). Post-concurrent
NLR <6 predicted for better OS with a median OS of 18.5
months (14.4-23.7) compared with median OS of 11.9
(9.1-14.4) for those with NLR >6 (P=.037). Hence, this
group of GBM patients with NLR <6 represent responders
to sunitinib as opposed to those with NLR >6 that did
not respond to sunitinib. There were no other patients
characteristics (age, extent of surgery, RT or more than
3 cycles of TMZ received, PFS) that were statistically dif-
ferent based on an NLR cutoff of 6 (Supplementary Table
1), thus ruling out any confounding interactions, and
validating post-concurrent NLR <6 as a predictor of better
OS in newly diagnosed GBM patients with unmethylated
MGMT.
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Safety of Sunitinib in Addition to Concurrent RT
and TMZ in GBM Patients with Unmethylated
MGMT Promoter

Treatment-related AEs were recorded as per CTCAE v3.0
and are presented in Table 4. Due to safety concerns, the
protocol was amended after 7 patients were recruited to
reduce the sunitinib dose to 12.5 mg from 25 mg daily.
Notably, 1 patient experienced grade 3 thrombocytopenia
and another grade 4 thrombocytopenia and a pulmonary
embolus. These AEs were taken into account in the safety
analysis. Overall, 8/35 patients (22.9%) experienced grade
3 or 4 hematological toxicities, with grade 3-4 neutro-
penia recorded in 7 patients (20%), and grade 3-4 throm-
bocytopenia in 8 patients (22.9%). There were 5 grade 3-4
thrombotic events (14.3%), of which 3 cases of deep vein
thrombosis (8.6%, grade 3) and 2 cases of pulmonary em-
bolism (5.7%, grade 4). The most common AEs were fa-
tigue and gastrointestinal toxicities, which were mostly of
low grade, with a total of 13 (37.1%) patients experiencing
grade 1-2 fatigue and 12 (34.3%) patients experiencing
grade 1-2 nausea. There were 5 (14.3%) grade 3-4 gas-
trointestinal AEs (anorexia, nausea, hyperglycemia, and
increased liver enzymes) and 4 (11.4%) grade 3-4 central
nervous system-related AEs (headache, alopecia, muscle
weakness, brain infection postsurgery). Finally, there were
no grade 3 or 4 cardiovascular or respiratory AEs and no
grade 5 events.

Discussion

In this single-arm phase |l trial, we investigated for the
first time the efficacy and safety of sunitinib in combina-
tion with TMZ and RT in newly diagnosed GBM patients
with unmethylated MGMT promoter. We believe that our
study suggests a potential benefit of combining sunitinib
with chemoradiation in newly diagnosed GBM patients
with unmethylated MGMT promoter, with reported me-
dian PFS of 715 months and median OS of 15.0 months.
It also highlights the prospect that NLR may be used as a
noninvasive biomarker to identify the subgroup of GBM
patients who might respond to combination of sunitinib
with chemoradiation. Indeed, the addition of sunitinib
modestly increased OS, particularly in those with post-
concurrent NLR <6 (responders) who had a median OS of
18.5 months (Cl: 14.4-23.7) compared with 11.9 (C1 9.1-14.4)
in those with NLR >6 (P=.037). In a recent meta-analysis of
outcomes in GBM patients with unmethylated MGMT pro-
moter treated with standard chemoradiation, median PFS
and OS estimates were 4.99 months (95% Cl: 4.25-5.72) and
14.11 months (95% Cl: 13.18-15.04), respectively.?? Thus,
our results are encouraging and provide a strong clinical
rationale to further test the benefits of Sunitinib addition to
the standard care chemoradiation, notably in the context
of a randomized phase Il/lll trial. A prior phase Il study has
investigated the role of sunitinib as a single agent in the
treatment of recurrent GBM regardless of MGMT promoter
methylation."® The authors reported a minimal activity in
recurrent GBM with significant toxicity.'®' The difference
between recurrent and newly diagnosed GBM with respect

to pathophysiology, molecular profile, and behavior ar-
gues for the addition of sunitinib in the first-line manage-
ment of GBM patients with unmethylated MGMT before
the onset of tumor resistance at the time of recurrence.

Two large, randomized control trials (RCTs), RTOG
0825 and Avaglio (BO21990) trials, studied the addi-
tion of another antiangiogenic drug, Bevacizumab, to
chemoradiation in newly diagnosed GBM patients in-
dependently of their MGMT methylation status.3334 In
RTOG 0825, no difference was found between arms for
OS (median 16.1 vs 15.7 months, P=.11) while the PFS
was extended in the Bevacizumab arm (7.3 vs 10.7 months,
P=.004).%% Likewise, the Avaglio trial showed a signifi-
cant difference in PFS in the Bevacizumab arm (10.6 vs 6.2
months; P<.001) but no benefitin OS (median 16.8 vs 16.7
months, P=.10).3¢ MGMT status did not predict selective
benefit for Bevacizumab in both studies. It is important to
note, however, that a direct comparison cannot be made
with these larger phase 3 RCTs given the small patient
population and phase Il design of our study.

We also investigated clinical prognostic factors poten-
tially associated with PFS and OS in our cohort. We iden-
tified factors that were associated with improved OS
such as age <65, receiving >3 cycles of adjuvantTMZ, and
reoperation at the time of tumor progression. Interestingly,
having received >3 cycles of adjuvant TMZ was signifi-
cantly associated with decreased risk of death with an ad-
justed HR of 0.197 (95% Cl: 0.07-0.53, P=.001, Table 3A)
and improved PFS with a HR of 0.228 (95% Cl: 0.08-0.63,
P=.001,Table 3B). Since the majority of patients received a
full course of RT and concurrent TMZ without interruption
(94.3% of patients completed 60 Gy of RT, and only 1/35
patients had interrupted TMZ during the concurrent phase),
we hypothesize that the only variable that could affect out-
comes is the number of adjuvantTMZ cycles they have re-
ceived. This benefit from adjuvant TMZ was a surprising
finding given that it is well established that GBM patients
with unmethylated MGMT promoter derive limited ben-
efit from TMZ535-37 and there have even been suggestions
to remove TMZ from the treatment regimen for these pa-
tients.3840 A recent meta-analysis attempted to charac-
terize the benefit of TMZ in MGMT promoter unmethylated
and methylated GBM, but unfortunately a direct compar-
ison was not possible because of the paucity of PFS and
OS data for unmethylated patients.®?

Importantly, we assessed the use of NLR noninvasively
as a systemic inflammation biomarker of GBM progres-
sion?"2331 gnd response to sunitinib treatment in another
cancer.?*?5 \We evaluated the association of NLR in a lon-
gitudinal analysis at different time points with survival
outcomes in newly diagnosed GBM patients receiving
sunitinib with concurrent chemoradiation. Indeed, post-
concurrent NLR <6 was strongly associated with im-
proved OS (HR=0.38, 95% CI: 0.166-0.864, P=.021) in
multivariable Cox regression analysis (Table 3B). A study
by Bambury et al.?" assessing the prognostic impact of
NLR in 84 GBM patients showed that patients with NLR
>4 had a worse median OS (7.5 months) compared with
patients with NLR <4 (11.2 months) independently of
other factors. The median baseline NLR for GBM patients
in this study was 3.1 (range 1.1-34.6),2" compared with
5.81 (range 1.00-16.86) in our population. NLR has been
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Table 4. Treatment-related Adverse Effects

Adverse Events (n = 35) Grades 1-2 n (%) Grades 3-4 n (%) All Grades n (%)
Fatigue 13 (37.1) 2 (5.7) 15 (42.9)
Hematologic
Anemia 13 (371) 13 (37.1)
Leukopenia 3(8.6) 4(11.4) 7 (20.0)
Lymphocytopenia 5(14.3) 4(11.4) 9(25.7)
Neutropenia 6(17.1) 7 (20.0) 13 (37.1)
Thrombocytopenia 6(17.1) 8(22.9) 14 (40.0)
Thrombosis
Pulmonary embolism 2(5.7) 2(5.7)
Deep vein thrombosis 3(8.6) 3(8.6)
Gastrointestinal system
Appetite loss (anorexia) 5(14.3) 1(2.9) 6(17.1)
Constipation 4(1.4) 4(1.4)
Diarrhea 1(2.9) 1(2.9)
Dysgeusia (taste alteration) 4(11.4) 4(11.4)
Increased liver enzymes 5(14.3) 2 (5.7) 7 (20.0)
Increased creatinine 4(1.4) 4(1.4)
Hyperglycemia 1(2.9) 1(2.9) 2(5.7)
Nausea 12 (34.3) 1(2.9) 13 (37.1)
Vomiting (emesis) 9(25.7) 9(25.7)
Weight loss (anorexia) 2(5.7) 2(5.7)
Central nervous system
Seizures 4(11.4) 4(11.4)
Speech impairment 3(8.6) 3(8.6)
Ataxia 4(11.4) 4(11.4)
Muscle atrophy/weakness 3(8.6) 1(2.9) 4(11.4)
Neuropathy 5(14.3) 5(14.3)
Cognitive disturbance 4(11.4) 4(11.4)
Confusion 3(8.6) 3(8.6)
Mood (depression/anxiety) 6(17.1) 6(17.1)
Dizziness 2(5.7) 2(5.7)
Drowsiness 2(5.7) 2(5.7)
Headache 9 1(2.9) 10 (28.6)
Fever 3(8.6) 3(8.6)
Brain infection 1(2.9) 1(2.9)
Alopecia 10 (28.6) 1(2.9) 11 (31.4)
Cardiovascular system
Hypertension 1(2.9) 1(2.9)
Tachycardia 1(2.9) 1(2.9)
Respiratory system
Coughing 1(2.9) 1(2.9)
Dyspnea 3(8.6) 3(8.6)

Shortness of breath on exertion 1(2.9) 1(2.9)
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shown to be an independent prognostic marker for OS
in GBM, even in the pretreatment setting. In a study of
152 GBM patients, Han et al., showed that pretreatment
NLR is an independent predictor of OS, with patients with
NLR >4 having a shorter median OS (10.5 months) com-
pared with those with NLR <4 (17.9 months).2® NLR has
also been shown to be a prognostic biomarker for OS in
recurrent GBM patients treated with bevacizumab. For
instance, in a retrospective study of 103 patients diag-
nosed with recurrent GBM who underwent treatment with
bevacizumab-irinotecan (BEVIRI), the low pretreatment
NLR group (cutoff of 3.04) was found to have a longer
OS than the high pretreatment NLR group (15.8 vs 9.3
months; P=.015).4' Thus, it appears that NLR has the po-
tential of being a biomarker for antiangiogenic drugs such
as bevacizumab and sunitinib, however, more prospective
studies are needed. Our results suggest the potential sig-
nificance of post-concurrent NLR <6 as a noninvasive bio-
marker for sunitinib responders, while an NLR >6 selected
nonresponders to sunitinib who might benefit from ad-
ditional early intervention to prevent GBM progression.
The biological mechanisms underlying the association
between high NLR and poor survival outcome in cancer
patients are poorly understood. In general, the under-
standing is that a high NLR, characterized by a high neu-
trophil count and/or low lymphocyte count, reflects both
an increased neutrophil-dependent inflammatory reaction
and a decreased lymphocyte-mediated antitumor immune
response, resulting in a tumor microenvironment that
contributes to cancer progression and poor prognosis.3'42
As such, our results provide a working hypothesis to fur-
ther investigate post-concurrent NLR as a noninvasive,
routinely feasible, and inexpensive biomarker to predict
response to combined sunitinib with chemoradiation.
Conversely, post-concurrent NLR might readily identify
patients who require the implementation of an alternative
treatment strategy at the end of the concurrent phase.

Finally, we assessed the safety of combining 12.5 mg of
sunitinib concurrently with RT and TMZ in this cohort. It is
important to note that due to safety concerns, the protocol
was amended after 7 patients were recruited to reduce
the sunitinib dose from 25 to 12.5 mg daily. Notably, 1 pa-
tient experienced grade 3 thrombocytopenia and another
grade 4 thrombocytopenia and a pulmonary embolus.
The reduced dose of 12.5 mg Sunitinib was overall better
tolerated although the rate of grade 3-4 hematological
toxicities of 22.9% was higher than in previous reports, for
instance, compared with rates of 16% in the Stupp et al. co-
hort."We believe this increased toxicity is potentially due to
the interactions between Sunitinib withTMZ and RT. 14.3%
of patients in our study developed grade 3-4 thrombotic
events of which 3 cases of deep vein thrombosis (8.6%,
grade 3) and 2 cases of pulmonary embolism (5.7%, grade
4). In other reports, the combination of an antiangiogenic
drug such as bevacizumab with chemoradiation yielded
grade >3 venous thromboembolism rates of 7.6% in the
bevacizumab arm vs 8.0% in the placebo arm, and a rate of
grade >3 arterial thromboembolitic events of 5.0% vs 1.3%,
respectively, with 1 fatal arterial thromboembolism in each
group.?* Importantly, we did not record any grade >3 cardi-
ovascular or respiratory AEs and no grade 5 events in our
cohort.

There are several limitations to this trial, including the
fact that the study was underpowered due to challenges in
recruitment, potential selection bias, toxicity of Sunitinib,
and the absence of a direct comparison arm. Nonetheless,
these results are hypothesis generating and provide a
basis for further investigations to explore the relationship
between sunitinib and TMZ in unmethylated MGMT GBM
patients and the role of NLR as a noninvasive biomarker to
identify responders to this combination therapy.

Conclusion and Perspectives

The results of this phase Il trial suggest a potential ben-
efit of combining sunitinib with chemoradiation in newly
diagnosed GBM patients with unmethylated MGMT pro-
moter and provide a strong rationale for testing this further
in a randomized study design. Interestingly, our study also
suggests that sunitinib combination with chemoradiation
potentially sensitizes unmethylated GBM patients to fur-
ther adjuvantTMZ and paves the way to further investigate
NLR as a potential noninvasive biomarker to identify re-
sponders to combination of sunitinib with chemoradiation.

Supplementary material

Supplementary material is available online at Neuro-
Oncology Advances online.
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