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CLINICAL TRIAL

The STELLAR trial: a phase Il/lll randomized
trial of high-dose, intermittent sunitinib
in patients with recurrent glioblastoma
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Previously, the tyrosine kinase inhibitor sunitinib failed to show clinical benefit in patients with recurrent glioblastoma. Low intratu-
moural sunitinib accumulation in glioblastoma patients was reported as a possible explanation for the lack of therapeutic benefit. We
designed a randomized phase II/III trial to evaluate whether a high-dose intermittent sunitinib schedule, aimed to increase intratu-
moural drug concentrations, would result in improved clinical benefit compared to standard treatment with lomustine. Patients
with recurrent glioblastoma were randomized 1:1 to high-dose intermittent sunitinib 300 mg once weekly (Q1W, part 1) or 700
mg once every two weeks (Q2W, part 2) or lomustine. The primary end-point was progression-free survival. Based on the pre-planned
interim analysis, the trial was terminated for futility after including 26 and 29 patients in parts 1 and 2. Median progression-free sur-
vival of sunitinib 300 mg Q1W was 1.5 months (95% CI 1.4-1.7) compared to 1.5 months (95% CI 1.4-1.6) in the lomustine arm (P
=0.59). Median progression-free survival of sunitinib 700 mg Q2W was 1.4 months (95% CI 1.2-1.6) versus 1.6 months (95% CI
1.3-1.8) for lomustine (P = 0.70). Adverse events (>grade 3) were observed in 25%, 21% and 31% of patients treated with sunitinib
300 mg Q1W, sunitinib 700 mg Q2W and lomustine, respectively (P = 0.92). To conclude, high-dose intermittent sunitinib treatment
failed to improve the outcome of patients with recurrent glioblastoma when compared to standard lomustine therapy. Since lomustine
remains a poor standard treatment strategy for glioblastoma, innovative treatment strategies are urgently needed.
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Introduction

Despite increased knowledge of tumour biology and the
introduction of targeted therapies such as tyrosine kinase in-
hibitors, proven effective in many solid and haematological
tumours, prognosis for patients with glioblastoma remained
grim over the past 10 years. Treatment according to the
STUPP protocol, consisting of maximal surgical resection,
followed by radiotherapy with concurrent temozolomide
and six cycles of adjuvant temozolomide is associated with
a median overall survival (OS) of 15-18 months.'™ At the
time of recurrence, which is almost inevitable, a clinically
meaningful standard treatment is lacking.>® Treatment
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High-dose intermittent sunitinib
did not result in clinical meaningful
efficacy in patients with recurrent
glioblastoma. Toxicity of the
treatment was generally well
tollerated.

options in the recurrent setting are re-irradiation or re-
resection (only for selected patients), systemic therapy with
lomustine, study participation or best supportive care
(BSC).>” Lomustine, an alkylating agent, is often prescribed
to patients with recurrent disease after first-line treatment
with chemoradiation.®'° As single agent, lomustine resulted
in low objective response rates, a 6-month PFS rate of
10-20% and median progression-free survival (PFS) of two
months, approximately.®'? Therefore, more effective treat-
ment strategies for recurrent disease are urgently needed to
improve the outlook of patients with recurrent glioblastoma.

Sunitinib is a multi-targeted tyrosine kinase inhibitor,
most often applied in a dose of 50 mg once daily with
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incorporated recovery intervals. Originally it was developed
as an inhibitor of the vascular endothelial growth factor
receptor (VEGFR), platelet-derived growth factor receptor
(PDGFR), stem cell factor receptor ¢-KIT, FLT3, CSF-1R
and RET kinases. While sunitinib inhibits these targets at
low concentrations, it also has affinity for multiple other ki-
nases at higher drug concentrations.'*" Since many of its
targets are overexpressed or amplified in glioblastoma, suni-
tinib is a potentially interesting treatment.'®'® However,
standard-dosed sunitinib had insufficient anti-tumour activ-
ity in patients with recurrent high-grade glioma.'”** As a po-
tential clinical resistance mechanism, low intratumoural drug
concentrations are achieved upon standard treatment, pre-
sumably due to the blood-brain barrier, which hinders ad-
equate intracerebral drug penetration.”>>* In a pilot study,
median tumour concentration after two weeks of treatment
with sunitinib 50 mg once daily in patients with newly diag-
nosed glioblastoma was 1.9 pmol/L (range 1.0-3.4).%°
Despite the 10-fold higher tumour concentrations compared
to median plasma concentrations, these sunitinib concentra-
tions were evidently lower than its IC50 values in GBM cell
lines in vitro and lower compared to sunitinib tumour con-
centrations in other solid malignancies.”®

Hypothesizing that higher tumour sunitinib concentrations
may improve its benefit by inhibiting relevant off-target kinase
activity, we previously developed a high-dose, intermittent su-
nitinib treatment schedule. The maximum tolerated dose was
established at 300 mg once weekly (Q1W) and 700 mg once
every two weeks (Q2W) in a phase I clinical trial in patients
with treatment refractory solid tumours. This alternative
strategy was feasible and safe with a toxicity profile compar-
able to the standard dosing schedule while high plasma peak
concentrations were reached.”” Intratumoural concentrations
achieved with 300 mg Q1W and 700 mg Q2W high-dose
intermittent sunitinib treatment were 19-fold and 37-fold
higher compared to plasma concentrations.?® Importantly, tu-
mour concentrations were 25 times higher 2 days after oral
administration compared to those reached with the regular
dosing schedule.?®**® In addition, preliminary results indicated
efficacy and higher intratumoural drug concentrations were
associated with longer PFS and OS in this heavily pre-treated
phase 1 population.”® Based on these promising results, we
tested short exposure of high-dose sunitinib on glioblastoma
cell lines. Subsequently, we designed a phase II/IIl randomized
clinical trial to study the efficacy of high-dose intermittent su-
nitinib compared to standard of care with lomustine in pa-
tients with recurrent glioblastoma.

Materials and methods

For the in vitro high-dose, short-term exposure experiments,
four glioblastoma cell lines were used: U-87MG, U-251MG,
U-138MG and T98G. Cell lines were exposed to different
concentrations of sunitinib 5 pM, 10 pM and 20 pM as
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described previously.”” Read-out of cell viability was per-
formed after 144 h using an MTT assay (see Supplementary
methods and Rovithi et al.>’ and Gotink et al.*° for full meth-
ods). Statistical analysis was performed in GraphPad Prism
10.1.2 using one-way ANOVA followed by Tukey’s post
hoc test.

A randomized, open-label, multicentre, phase II/III trial was
conducted in patients with recurrent glioblastoma in three
centres in The Netherlands. Eligible patients were randomized
1:1 with variable block size (4, 6 or 8) in Castor EDC to treat-
ment with high-dose intermittent sunitinib or lomustine.*’
Fifty patients per arm were required to detect clinical benefit
from the experimental arm, while after 25% of patients inclu-
sion, an interim analysis was planned. Patients were stratified
according to the treatment centre, the WHO performance
status (0 versus >1), the use of steroids and the extent of their
disease (unifocal versus multifocal). The study was conducted
in accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines. The Medical Research Ethics
Committee of Amsterdam UMC, location VUmc,
Amsterdam, and the local institutional review board of the
participating centres approved the clinical trial protocol.
Written informed consent was obtained from all patients
before study inclusion. The trial was registered on
ClinicalTrials.gov (https:/clinicaltrials.gov/; NCT03025893).

Eligible patients were adults with histologically confirmed de
novo or secondary glioblastoma with first progression/recur-
rence, who received one prior line of chemotherapy (radio-
therapy with concomitant and adjuvant temozolomide is
considered as one line). Furthermore, patients should have
completed radiotherapy at least three months before random-
ization and chemotherapy at least four weeks before random-
ization. Prior surgery for recurrence was allowed if the
recurrence was histopathologically confirmed. Karnofsky per-
formance status of >70% and adequate haematological, renal
and hepatic functions were required. Main exclusion criteria
included any significant uncontrolled concomitant disease,
second primary malignancy in the past five years, prior
radiotherapy in the abdomen, lungs, or >3 vertebrae in
the spine, poorly controlled hypertension (>160/95 mmHg)
and the use of full dose anticoagulants or strong hepatic
enzyme-inducing anti-epileptic drugs (EIAEDs). Patients
using EIAEDs had to switch to an anti-epileptic drug not inter-
acting with cytochrome P450 before starting study treatment.
Before trial participation an MRI-cerebrum should rule out
intratumoural haemorrhage, except for stable postoperative
grade 1 haemorrhage. Full in- and exclusion criteria are avail-
able in the Supplementary methods. Patients were included
based on the 2016 WHO classification of tumours of the
Central Nervous System.
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Patients in the control arm were treated with lomustine
once every six weeks at a dose of 110 mg/m* (maximum
200 mg). Patients in the experimental arm received high-dose
intermittent sunitinib at a dose of 300 mg Q1W. Treatment
was continued until disease progression, intolerable toxicity,
withdrawal of consent, or any other medical reason according
to the treating physician. Patients in the sunitinib arm could
cross-over to lomustine after disease progression occurred.

After the planned interim analysis, the protocol was
amended to change the dose of sunitinib from 300 mg
Q1W (part 1) to 700 mg Q2W (part 2). At the start of the
trial, the dose of 300 mg Q1W was selected because the
safety of the 700 mg schedule was under evaluation. After
the treatment of 12 patients with high-dose intermittent su-
nitinib in part 1, no major safety issues were observed, par-
ticularly no intracranial bleeding. As we anticipated higher
intratumoural concentrations with the 700 mg Q2W sched-
ule and, thereby, an improved treatment benefit, the protocol
was amended to change the dosing schedule of sunitinib
from 300 mg Q1W to 700 mg Q2W. Subsequently, the trial
was restarted with inclusion of 100 patients with a pre-
planned interim analysis after the inclusion of 25% of the pa-
tients. The results from the interim analysis of part 1 and part
2 are reported here.

Tumour assessment was performed with an MRI-scan at base-
line and subsequently every 6 weeks, which were evaluated ac-
cording to the Response Assessment in Neuro-Oncology
(RANO) criteria and centrally reviewed in part 2.>* Toxicity
was scored according to the Common Terminology Criteria
for Adverse Events (CTCAE), version 4.03.%° Patients were
asked to complete Quality of Life (QoL) questionnaires every
six weeks during treatment, consisting of the European
Organization for Research and Treatment of Cancer

(EORTC) QLQ-C30 and QLQ-BN20.7*¢

The primary end-point was the median PFS, assessed using
RANO criteria. PFS was defined as the date of randomization
to the date of progressive disease or death. If evidence of PD
was disputable, treatment could be continued until the next as-
sessment, but if PD was confirmed at the next follow-up, the
earlier date was used as the date of progression. Secondary
end-points included the six-month progression-free survival
(PES6), OS, objective radiological response rate (according
to the RANO criteria), toxicity and side effects of the treat-
ment, QoL and steroid use, the potential value of blood
biomarkers and the influence of O°-methylguanine-DNA
methyl-transferase (MGMT) promotor methylation status
on sunitinib response. OS was defined as the date from ran-
domization until the date of death from any cause. Patients
who were progression-free and/or alive at the date of the
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analysis and patients who were lost to follow-up were censored
at the date of the last follow-up visit.

Median PFS and PFS-6 rates, as reported in previous trials with
recurrent glioblastoma, are 1.6-2.7 months and 19%, respect-
ively.”!! For the sample size calculation, we assumed equal
accrual over 24 months, with a minimum follow-up duration
of 12 months. To detect an increase in median PFS from
2.5 months with lomustine to 5.5 months with high-dose inter-
mittent sunitinib (corresponding with a HR of <0.45), 50 pa-
tients per arm were needed (total of 100 patients) to yield a
power of 95% (assuming two-sided testing at a significance le-
vel of 5%). After 25% of patients were included, a pre-planned
interim analysis was performed for futility. In case the number
of events in the high-dose sunitinib arm exceeds the number of
events in the lomustine arm, the study was stopped for futility.
All evaluable patients, defined as those completing at min-
imum six weeks of treatment, were included in the analysis.
Median PFS, median OS and PFS-6 were estimated using the
Kaplan-Meier method. PFS and OS were compared between
groups using the log-rank test. Cox regression analysis was
used to estimate hazard ratio for treatment with high-dose
intermittent sunitinib compared to lomustine. Log minus log
curves were used prior to Cox regression to verify that propor-
tional hazard assumptions were not violated. Descriptive
statistics were used for reporting baseline characteristics and
adverse events. Linear mixed model analysis was used to
analyse QoL end-points. Patients were included in the QoL
analysis if at least a baseline questionnaire and one follow-up
questionnaire were available. Five scales were selected before
analysis (summary score, physical functioning, visual disor-
ders, motor dysfunction and communication deficit), which
were considered more relevant than the selection in the proto-
col. EORTC guidelines were used for the scoring of the QoL
questionnaires.>” Raw scores were calculated as the mean of
items part of that particular scale and were transformed linear-
ly into scores ranging from 0 to 100. Higher scores for the sum-
mary score and functional scales represent better HRQoL and
functioning, respectively, while higher scores on symptom
scales represent more presence of symptoms. Kaplan-Meier
method and Cox regression analysis were applied to investi-
gate the effect of MGMT status on OS and PFS as exploratory
end-points. Comparison of occurrence of grade >3 adverse
events in treatment groups was performed using Fisher’s
Exact test. Statistical analyses were performed using IBM
SPSS (version 27) software.

Results

In vitro, we observed that high-dose, short-term sunitinib ex-
posure inhibited the proliferation of all four glioblastoma
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cell lines with increased efficacy at higher doses
(Supplementary Fig. 1). After 9 h exposure, proliferation
was significantly inhibited in two out of four cell lines
(20 uM versus 5 uM, P < 0.05). After 24 h exposure, prolif-
eration was significantly inhibited in all four cell lines (20 uM
versus 5 uM, P <0.05). A difference in sensitivity towards
high-dose, short-term sunitinib exposure was observed be-
tween the four cell lines. Cell death was observed at higher
concentrations, compared to the start of treatment, depicted
as negative values.

In part 1, 32 patients were invited to participate between
September 2018 and November 2019. In part 2, 37 patients
were invited to participate between September 2020 and
March 2022. Twenty-six of 28 included patients in part 1
and 29 of 31 included patients in part 2 were evaluable ac-
cording to the protocol (Consort Diagram in Fig. 1). The
baseline characteristics of the evaluable patients are dis-
played in Table 1.

The data cut-off for efficacy was on 1 February 2023. The PFS
of all patients is presented in Fig. 2. In part 1, mPFS of suniti-
nib 300 mg Q1W was 1.5 months (95% CI 1.4-1.7) com-
pared to 1.5 months (95% CI 1.4-1.6) for lomustine
(P=0.59). In part 2, mPFS of sunitinib 700 mg Q2W was
1.4 months (95% CI 1.2-1.6) versus 1.6 months (95%
CI 1.3-1.8) for lomustine (P = 0.70). The hazard ratio for pro-
gression or death was 1.24 (95% CI 0.55-2.79) and 1.16
(95% CI0.53-2.53) in parts 1 and 2, respectively. No signifi-
cant differences were observed between the median PFS of
lomustine and the two cohorts of high-dose intermittent suni-
tinib. Six-month PFS rates for sunitinib and lomustine in part
1 were 8% (95% CI 0-24%) and 29% (95% CI 5-52%),

STELLAR
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respectively, and 14% (95% CI 0-33%) and 15% (95%
CI 0-34%) for part 2. In part 1, one partial response was ob-
served in a patient treated with sunitinib 300 mg Q1W [ob-
jective response rate (ORR) 8%] and in one patient treated
with lomustine (ORR 7%). In part 2, the best radiological re-
sponse was stable disease. Radiological response rates are pre-
sented in Supplementary Table 1.

Overall survival was comparable for the two cohorts of high-
dose intermittent sunitinib and lomustine (Fig. 2). In part 1,
mOS for sunitinib 300 mg Q1W was 6.5 months (95% CI
4.5-8.5) compared to 4.7 (95% CI 3.3-6.0) in the lomustine
arm (P =0.83) with a hazard ratio for death of 0.91 (95% CI
0.41-2.06). In part 2, mOS for sunitinib 700 mg Q2W
was 4.7 months (95% CI 3.9-5.5) compared to 7.0 months
(95% CI 2.8-11.2) in the lomustine arm (P =0.75). Hazard
ratio for death was 0.88 (95% CI 0.38-2.01).

After the inclusion of 26 patients in part 2 of the
STELLAR trial, a pre-planned interim analysis was per-
formed for futility. Based on the results, we calculated the
chance to detect an improved PFS for treatment with high-
dose intermittent sunitinib when we would complete the
study inclusion (7 =100). The estimated chance to demon-
strate superiority of high-dose intermittent sunitinib over
lomustine was extremely low (<5%) and considered unreal-
istic. After consultation with the Medical Ethics Board, it
was decided to terminate the study to prevent possible safety
risks and burdens from a non-effective experimental
treatment.

Grade 1 or 2 related adverse events (AE) that occurred in
>10% in any treatment group, and all grade 3 or 4 related
adverse events are reported in Table 2. In the sunitinib group,
most frequently reported AEs were thrombocytopaenia
(75%), fatigue (58%) and leukopaenia (58%) for patients
treated with 300 mg Q1W and thrombocytopaenia (57%),

Part 2

!

Eligible patients invited
to participate (n=32)

Not included due to:
Not willing (n=1)
Screenfailure (n=3)

A4

Included (n=28)

Excluded for analysis:
Not evaluable (n=2)

Evaluable patients
(n=26)

}

Eligible patients invited
to participate (n=37)

Not included due to:
» Screenfailure (n=5)
Trial termination (n=1)

A 4

Included (n=31)

Excluded for analysis:
Not evaluable (n=2)

Y
Evaluable patients
(n=29)

Figure | CONSORT diagram of patients invited to participate and included in the STELLAR trial. Overview of patient enrolment
and availability for analysis. All evaluable patients, defined as those completing at minimum six weeks of treatment, were included in the analysis.
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Table | Patient characteristics

J. B. E. Janssen et al.

Part |

Sunitinib 300 mg

Variables QIW (n=12)
Median age—years (range) 50 (34-63)
Sex—no (%)

Male 11 (92%)

Female I (8%)
WHO status—no (%)

0 6 (50%)

>1 6 (50%)
Tumour extent—no (%)

Unifocal 10 (83%)

Multifocal 2 (17%)
MGMT promoter status—no (%)

Unmethylated 5 (42%)

Methylated 5 (42%)

Unknown 2 (17%)
Steroid use—no (%)

Yes 3 (25%)

No 9 (75%)
IDH

Wild-type 9 (75%)

Mutant 2 (17%)

Unknown I (8%)
First-line treatment
Resection—no (%)

Yes 11 (92%)

No | (8%)
Radiotherapy (RTx)—no (%)

RTx + concomitant TMZ Il (92%)

RTx alone I (8%)

Only chemotherapy 0 (0%)
TMZ—no (%)

<6 cycles 4 (33%)

6 cycles 7 (58%)

>6 cycles I (8%)

Part 2
Lomustine Sunitinib 700 mg Lomustine
(n=14) Q2W (n=14) (n=15)
53 (30-71) 60 (40-77) 56 (39-68)
9 (64%) 9 (64%) 10 (67%)
5 (36%) 5 (36%) 5(33%)
3(21%) 3(21%) 4 (27%)
Il (79%) 11 (79%) 11 (73%)
10 (71%) 8 (57%) 8 (53%)
4 (29%) 6 (43%) 7 (47%)
8 (57%) 6 (43%) 10 (67%)
6 (43%) 6 (43%) 3 (20%)
0 (0%) 2 (14%) 2 (13%)
9 (64%) 9 (64%) 8 (53%)
5 (36%) 5 (36%) 7 (47%)
13 (93%) 13 (93%) 14 (93%)
1 (7%) 1 (7%) 0 (0%)
0 (0%) 0 (0%) I (7%)
14 (100%) 11 (79%) 13 (87%)
0 (0%) 3(21%) 2 (13%)
14 (100%) 12 (86%) 14 (93%)
0 (0%) 1 (7%) 0 (0%)
0 (0%) | (7%) | (7%)
6 (43%) 5 (36%) 4 (27%)
7 (50%) 6 (43%) 10 (67%)
1 (7%) 3(21%) I (7%)

QIW, weekly; Q2W, bi-weekly; MGMT, O(’-methylguanine-DNA methyl-transferase; TMZ, temozolomide.

fatigue (50%) and diarrhoea (43 %) for patients treated with
700 mg Q2W. Most adverse events were manageable with
standard supportive interventions. Diarrhoea, nausea and
vomiting caused by sunitinib occurred mainly in the first 2
days after sunitinib intake. In part 1, one patient in the suni-
tinib arm required a dose reduction due to palmar—plantar
erythrodysesthesia syndrome. One patient in the sunitinib
arm required surgical drainage and antibiotic treatment for
grade 4 septic bursitis. In part 2, four patients required a
dose reduction for skin rash (sunitinib), grade 3 liver test
abnormalities (sunitinib), leukopaenia (lomustine) and
thrombocytopaenia (lomustine). The most frequently re-
ported AEs in the lomustine group were thrombopaenia
(48%), fatigue (45%) and leukopaenia (34%). Dose delays
due to treatment-related AEs were required in the sunitinib
and lomustine arm in 42% and 21% of patients in part 1
and 14% and 13% of patients in part 2. In two patients of
the sunitinib arm in part 2 (14%), intolerable toxicity was
the reason for trial discontinuation, while in part 1, no pa-
tient discontinued due to toxicity. Two patients (7%) treated

with lomustine required one or multiple platelet transfu-
sions. One patient in the sunitinib arm had an intratumoural
haemorrhage at the time of rapid progression of the tumour
with the occurrence of new leptomeningeal metastases,
which was attributed to progressive disease. No deaths
were considered to be related to sunitinib or lomustine.

QoL data from part 1 and part 2 were analysed in one com-
bined analysis to compare QoL between patients treated
with high-dose intermittent sunitinib and patients treated
with lomustine. We restricted the analysis to the first four
follow-up moments since after that the number of question-
naires was too limited to draw any conclusions. For 65% of
patients, at least the baseline and one follow-up question-
naire were available. QoL did not differ between treatment
groups on the parameters’ summary score, physical function-
ing, visual disorders, motor dysfunction and communication
deficit between patients treated with high-dose intermittent
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Figure 2 Progression-free survival and overall survival. Progression-free survival (A) and overall survival (B) in part |. Part |: lomustine
n = 14, high-dose intermittent sunitinib n = 2. Progression-free survival (C) and overall survival (D) in part 2. Part 2: lomustine n = |5, high-dose
intermittent sunitinib n = 14. PFS, progression-free survival; HR, hazard ratio; OS, overall survival.

sunitinib and patients treated with lomustine (estimated
marginal means shown in Supplementary Table 2).

The efficacy of lomustine in the pooled data of 29 patients in
the two control arms revealed a 6-month PFS rate of 22%
(95% CI 7-38%), mPES of 1.5 months (95% CI 1.3-1.7)
and mOS of 6.8 months (95% CI 3.0-10.7) (Fig. 3). PFS
and OS were comparable in the two independent lomustine
cohorts with a hazard ratio of 0.82 (95% CI 0.37-1.81;
P=0.62) and 0.97 (95% CI 0.45-2.11; P =0.94), respect-
ively, in part 1 as compared to part 2.

MGMT status was known in 49/55 cases (89%); 20 patients
had a methylated MGMT promotor (41%). In both sunitinib
arms, 11/22 patients had methylated MGMT promotor (50%)
compared to 9/27 (33%) in the lomustine groups. Consistent
with previous findings, MGMT promotor methylation was as-
sociated with improved survival [mOS 9.9 months (95% CI
7.1-12.7) versus 4.6 months (95% CI 4.4-4.9; P <0.001)]

(Supplementary Fig. 2). For sunitinib, patients with methy-
lated versus unmethylated MGMT status had significantly
longer median PFS [2.9 months (95% CI 1.6-4.2) versus 1.4
months (95% CI 1.2-1.6; P=0.013)] and median OS [10.6
months (95% CI 3.8-17.5) versus 4.3 (95% CI 2.3-6.2; P =
0.001)]. For lomustine, these differences were 1.8 (95% CI
1.0-2.5) versus 1.5 months (95% CI 1.4-1.5; P=0.047)
months for PFS and 8.7 (95% CI 7.7-9.8) versus 4.7 (95%
CI 3.2-6.1) months for OS (P =0.078) (Fig. 4).

An additional exploratory analysis was performed that ex-
cluded patients with an IDH mutation. IDH mutation status
was known for 53/55 patients. In total, four patients had a
IDH mutation. In this analysis, median PFS was 1.4 months
(95% CI 1.3-1.6) for patients treated with high-dose intermit-
tent sunitinib and 1.5 months (95% CI 1.3-1.6) for patients
treated with lomustine. Median OS was 5.6 months (95% CI
4.1-7.0) for high-dose intermittent sunitinib versus 5.3 months
(95% CI 2.4-8.2) for lomustine (Supplementary Fig. 3).

Discussion

In this phase II/III clinical trial, we evaluated the efficacy of
high-dose intermittent sunitinib for patients with recurrent
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Table 2 Adverse events

Sunitinib 300 mg Sunitinib 700 mg
Lomustine (n =29) QIW (n=12) Q2W (n=14)

Grades I-2 Grades 3-4 Grades I-2 Grades 3-4 Grades I-2 Grades 3-4

Clinical adverse events

Blurred vision 0(0) 0(0) 2 (14)

Diarrhoea I (3) 2 (17) 6 (43)

Dysgeusia 0 (0) 3 (25) 2 (14)

Fatigue 12 (41) I (3) 7 (58) 7 (50)

Flu like symptoms 0 (0) 3 (25) 2 (14)

Headache I 3) 2(17) 2 (14) 1(7)
Hypertension 0 (0) 2 (17) 1(7) 1(7)
Hypothyroidism 0 (0) 2 (17) 0 (0)

Mucositis oral 0(0) 1 (8) 321 1(7)
Muscle weakness lower limb 1 (3) 0(0) 0 (0) 1 (7)
Musculoskeletal disorders (e.g. arthralgia and myalgia) 0(0) 3 (25) 1(7)

Nausea 7 (24) 3(25) 4(29)

Oral pain 0 (0) 0 (0) 2 (14)
Palmar—plantar erythrodysesthesia syndrome 0(0) 3 (25) 0(0)

Rash I (3) 5 (42) 321

Septic bursitis 0 (0) 0 (0) I (8) 0 (0)

Skin discolouration 0(0) 3 (25) 4(29)

Syncope 0(0) 0 (0) 0(0) 1(7)
Tooth infection 0 (0) 0 (0) I (8) 0 (0)

Vertigo 0 (0) 0 (0) 2 (14)

Vomiting 3(10) 1 (8) 3(21)

Laboratory adverse events—haematologic

Anaemia 8 (28) 4 (33) 1(7)

Lymphocyte count decreased 4 (14) 2(7) 4 (33) I (8) 1(7)

Neutrophil count decreased 3 (10) 2(7) 4 (33) I (8) 1(7)

Platelet count decreased 10 (34) 4 (14) 9 (75) 8 (57)

White blood cell decreased 8 (28) 2(7) 7 (58) 4 (29) 1(7)

Laboratory adverse events—liver

Alanine aminotransferase increased 3 (10) 4 (33) 2 (14) 1(7)
Alkaline phosphatase increased 0(0) 2 (17) 1(7)

Aspartate aminotransferase increased 2(7) 2(17) 2 (14)

GGT increased 0(0) 1(8) 1(7) 1(7)

All treatment-related adverse events are reported. Grade |-2 adverse events are reported if occurring in >10% of patients in one of three treatment groups, all grade 3—4 events are
reported. Adverse events for lomustine from part | and part 2 are reported together. QIW, weekly; Q2W, bi-weekly; GGT, gamma-glutamyltransferase.
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Figure 3 Efficacy lomustine cohort. (A) Progression-free survival of patients treated with lomustine (n = 29). (B) Overall survival of patients
treated with lomustine (n = 29). PFS, progression-free survival; OS, overall survival.
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Figure 4 MGMT status in relation to PFS and OS. (A) MGMT status in relation to OS in patients treated with lomustine (n = 27). (B) MGMT
status in relation to OS in patients treated with sunitinib (n = 22). (C) MGMT status in relation to PFS in patients treated with lomustine (n = 27).
(D) MGMT status in relation to PFS in patients treated with sunitinib (n = 22). In the lomustine arm, n =9 had methylated MGMT and n= 18
unmethylated MGMT. In the high-dose intermittent sunitinib arm, n = | | had methylated MGMT and n = | | unmethylated MGMT. MGMT,
O°-methylguanine-DNA methyl-transferase; HR, hazard ratio; PFS, progression-free survival; OS, overall survival.

glioblastoma. Previously, in a small group of patients with
glioblastoma, we reported that intratumoural drug concentra-
tions after two weeks of regular dose sunitinib treatment were
lower compared to tumour concentrations in the metastases
of other tumour types.”>**® These data suggest that sunitinib
drug delivery is hampered by the blood-brain barrier, which
is believed not to be completely disrupted.***® In addition,
drug efflux transporters on endothelial cells may interfere
with drug penetration.?***** Based on the two and five times
higher tumour concentrations of the high-dosed schedules of
300 mg Q1W and 700 mg Q2W compared to standard-dosed
sunitinib, we hypothesized that with this alternative high-dose
treatment strategy higher intratumoural drug concentrations
would be achieved, sufficient to inhibit designated targets of
sunitinib as well as potential off-target, lower affinity kinases.
However, in this phase II/III clinical trial, high-dose intermit-
tent sunitinib failed to improve clinical benefit over lomustine
for patients with recurrent glioblastoma at the pre-planned

interim analyses. Consequently, the STELLAR study was ter-
minated due to futility. The efficacy results obtained in this co-
hort are comparable to those observed with standard-dosed
sunitinib in patients with recurrent glioblastoma. The mPFS
in two of these studies were 1.6 months and 1.4 months, re-
spectively, and no partial responses were observed.'”*" A
limitation of the trial is the lack of selection based on IDH mu-
tation status of the tumours. Therefore, we performed an add-
itional exploratory analysis of IDH mutation status that
identified four patients with an IDH mutation. A sub-analysis
with exclusion of these patients did not significantly alter our
results. Additionally, there was a subtle difference in steroid
use between groups in part 1, although steroid use was one
of the stratification factors in the trial. This is due to the block
randomization ensuring a balance in stratification factors
based on the expected total number of included patients with-
out taking into account the sample size of the planned interim
analysis. However, steroid use was not independently
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associated  with  either PFS (P=0.74) or OS
(P=0.25) in our cohort. Therefore, we did not correct for
this difference.

The reasons for this lack of clinical activity for high-dose
intermittent sunitinib are unknown but may be attributed
to several factors. Firstly, it should be considered that the
participating patients in this trial had a poor prognosis indi-
cated by recurrence of disease mostly short after completion
of adjuvant temozolomide treatment or even during adju-
vant therapy and patients were not selected based on the mo-
lecular characteristics of their tumours. Furthermore,
intratumoural sunitinib concentrations may still be insuffi-
cient to exert anti-tumour efficacy. While we were able to
demonstrate that higher tumour drug concentrations in pa-
tients with refractory non-CNS solid tumours were asso-
ciated with longer PFS and OS,*® we were not able to
determine intratumoural drug concentrations in this cohort
of patients with recurrent glioblastoma. Intermittent dosing
schedules exceeding 700 mg Q2W to potentially achieve
even higher intratumoural concentrations are not feasible
due to expected dose-limiting toxicities.”” Another potential
explanation is that the biological characteristics of glioblast-
oma tumours determine their resistance to sunitinib. Since
reported IC50 values for glioblastoma cell lines are higher
(3.0-8.5 pmol/L) compared to IC50 values of cell lines
from other tumour types (1.4-2.3 pmol/L), glioblastoma tu-
mours may be inherently less sensitive to sunitinib.>>*°
Further exploration of this intrinsic resistance is warranted
on both the tumour cell and microenvironmental level.*!
Additional factors to consider are which part of sunitinib
(free, non-protein bound) can interact with its targets and
its distribution within the tumour and inside the cell.
Furthermore, immune escape and other escape mechanisms
that are being exerted by the tumour cells, for example via
activation of alternative pathways or through interaction
with the micro-environment can influence treatment
efficacy.**+ %4

Many tyrosine kinase inhibitors have been clinically eval-
uated for glioblastoma, while most provided no relevant
benefit.*> Only in the phase I REGOMA study, the multiki-
nase inhibitor regorafenib did improve overall survival
compared to lomustine (mOS 7.4 versus 5.6 months,
P =0.0009). A follow-up phase III trial has to be performed
to confirm these findings and assess whether the overall sur-
vival benefit is sufficient for clinical implementation.'?
Additionally, in the subgroup of glioblastoma patients with
a BRAF V600E mutation (~3%), an objective response
rate of 32% with durable clinical benefit was reported after
treatment with dabrafenib—trametinib.*®

The toxicity profile of high-dose intermittent sunitinib in
this cohort was largely comparable to the toxicity observed
in the phase I clinical trial.>” However, grade 1-2 thrombo-
cytopaenia and leukopaenia (without need for intervention)
occurred more frequently in the glioblastoma population
compared to patients with solid tumours treated in the phase
I trial. Treatment was well tolerated in most patients and
toxicity was generally manageable.

J. B. E. Janssen et al.

While most studies suggest a predictive value of MGMT
status for the response to alkylating agents in patients with
recurrent glioblastoma,*”*® the difference in our cohort for
lomustine treated patients was very modest. Due to the lim-
ited numbers in this sub-analysis, results should be carefully
interpreted. In the sunitinib group, patients with methylated
MGMT had a significantly longer PFS compared to patients
with unmethylated MGMT. This finding contradicts in vitro
results where MGMT expression (e.g. unmethylated status)
leads to altered expression of receptor tyrosine kinases and
significant inhibition of cell proliferation by the addition of
sunitinib to the combination of TMZ and/or radiotherapy.*’
These preclinical findings led to a phase II trial where suniti-
nib was added to standard first-line therapy in recurrent glio-
blastoma patients with unmethylated MGMT. While most
patients only tolerated 12.5 mg of sunitinib daily in this
study, a median PFS of 7.2 months and mOS of 15.0 months
was observed in this single-arm study. Although the authors
suggest that these results indicate a promising effect of suni-
tinib, the true benefit of this treatment strategy is at most lim-
ited as a first-line therapy in our opinion.>°

Although lomustine has never been compared to BSC in a
randomized trial, it is often considered to be the standard treat-
ment for recurrent glioblastoma.*” The toxicity profile of lo-
mustine in our study was comparable to previously observed
toxicity.*'® Clinically relevant toxicity consists of fatigue,
nausea/vomiting, and haematological toxicity, which may re-
quire dose delays, dose reductions, or additional hospital vis-
its. However, the limited efficacy of lomustine treatment in
this trial—mPFS 1.5 months, mOS 6.8 months and six-month
PFES rate of 22%—are in line with the disappointing efficacy
described in the literature. Most patients do not derive any
benefit from treatment with lomustine. Therefore, careful re-
consideration whether lomustine treatment is of sufficient
added benefit for patients with a glioblastoma is warranted
when taking into consideration current guidelines such as the
ESMO-Magnitude of Clinical Benefit Scale and the ASCO
Value Framework Net Health Benefit Score.” ' Potential bio-
markers, such as MGMT status, might play a role in patient se-
lection for treatment with lomustine but need formal proof.

To conclude, the STELLAR trial failed to demonstrate
anti-tumour efficacy for two schedules of high-dose intermit-
tent sunitinib and was therefore halted after the interim ana-
lyses. These clinical trial results require reconsidering the
value of alternative high-dose scheduling of tyrosine kinase
inhibitors to improve the outcome of patients with recurrent
glioblastoma. Additionally, the results raise the question
whether treatment with lomustine should be offered to pa-
tients with recurrent glioblastoma considering its limited
clinical benefit and indicates that innovative treatment strat-
egies are urgently needed.

Supplementary material

Supplementary material is available at Brain Communications
online.
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