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ABSTRACT
Background No treatment demonstrated to improve
survival in patients with recurrent glioblastoma (rGB)
in a randomized trial. Combining axitinib with the
programmed cell death ligand 1 blocking monoclonal
antibody avelumab may result in synergistic activity
against rGB.
Methods Adult patients with rGB following prior surgery,
radiation therapy and temozolomide chemotherapy were
stratified according to their baseline use of corticosteroids.
Patients with a daily dose of ≤8 mg of methylprednisolone
(or equivalent) initiated treatment with axitinib (5 mg oral
two times per day) plus avelumab (10 mg/kg intravenous
every 2 weeks) (Cohort-1). Patients with a higher baseline
corticosteroid dose initiated axitinib monotherapy;
avelumab was added after 6 weeks of therapy if the
corticosteroid dose could be tapered to ≤8 mg of
methylprednisolone (Cohort-2). Progression-free survival
at 6 months (6-m-PFS%), per immunotherapy response
assessment for neuro-oncology criteria, served as the
primary endpoint.
Results Between June 2017 and August 2018, 54
patients (27 per cohort) were enrolled and initiated study
treatment (median age: 55 years; 63% male; 91% Eastern
Cooperative Oncology Group Performance Status 0–1).
Seventeen (63%) patients treated in Cohort-2 received at
least one dose of avelumab. The 6-m-PFS% was 22.2%
(95% CI 6.5% to 37.9%) and 18.5% (95% CI 3.8% to
33.2%) in Cohort-1 and Cohort-2, respectively; median
overall survival was 26.6 weeks (95% CI 20.8 to 32.4)
in Cohort-1 and 18.0 weeks (95% CI 12.5 to 23.5) in
Cohort-2. The best objective response rate was 33.3%
and 22.2% in Cohort-1 and Cohort-2, respectively, with
a median duration of response of 17.9 and 19.0 weeks.
The most frequent treatment-related adverse events were
dysphonia (67%), lymphopenia (50%), arterial hypertension
and diarrhea (both 48%). There were no grade 5 adverse
events.
Conclusion The combination of avelumab plus axitinib
has an acceptable toxicity profile but did not meet the
prespecified threshold for activity justifying further
investigation of this treatment in an unselected population
of patients with rGB.

INTRODUCTION
Despite upfront multimodality treatment,
progression will occur in more than half of all
patients with glioblastoma (GB) (WHO grade
IV glioma, GB) within less than 9 months
from treatment initiation and less than 10%
of patients will be alive 5 years after the initial
diagnosis.1 At tumor progression following
first-
line treatment, no salvage therapeutic
option demonstrated to significantly improve
overall survival (OS) in a randomized clinical trial. Cytotoxic salvage therapies resulted
in a best objective response rate (ORR) of
5%–10%, 6-month-progression-free survival
rates (6-m-PFS%) of 9%–21% and a median
OS of 25–30 weeks.2 3
GB is characterized by profound neoangiogenesis, a cancer-associated physiopathological process in which the vascular endothelial
growth factor (VEGF) signaling pathway plays
a major role. VEGF is upregulated in GB by
tissue hypoxia via the hypoxia-
inducible
factor 1-alpha pathway. By binding to its tyrosine kinase cell surface receptors (VEGFR-1,
VEGFR-2 and VEGFR-3), VEGF has a mitogenic effect on endothelial cells and increases
endothelial permeability leading to GB-associated edema. Moreover, autocrine VEGFR-1
and VEGFR-2 signaling promotes cancer cell
survival in human GB models.4 Bevacizumab,
a VEGF-
neutralizing monoclonal antibody,
demonstrated activity as a single agent with
ORRs in the range of 28%–35% in recurrent GB (rGB), median PFS of 11–17 weeks
and median OS of 26–37 weeks.5 Axitinib
is an orally available, high-
affinity tyrosine
kinase inhibitor of the VEGF-receptors that is
approved as a monotherapy for the treatment
of patients with metastatic renal cell carcinoma who failed one prior line of systemic
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PATIENTS AND METHODS
Study design and participants
This single-
center, stratified, dual-
stratum, open-
label
phase 2 clinical trial was conducted at the Universitair
Ziekenhuis Brussel (Brussels, Belgium) in patients aged
18 years or older with a recurrence of previously histologically confirmed GB/gliosarcoma (regardless of WHO
grade at first diagnosis of glioma) following prior treatment
with at least surgery (biopsy and/or resection), radiation
therapy and temozolomide chemotherapy. Prior therapies for rGB were permitted (without a defined maximal
2

number of prior treatment lines). The recurrence had to
be documented as a measurable lesion on gadolinium-
enhanced T1 MRI and as an enhancing lesion compared
with normal brain tissue on 18-
fluoroethyl-
L-
tyrosine
18
positron emission tomography/CT ( F-FET-PET/CT).
Eligible patients must have had an Eastern Cooperative
Oncology Group Performance Status (ECOG PS) of 0–2,
an estimated life expectancy of at least 3 months and an
adequate organ function. Patients were excluded if they
had received prior immunotherapy with an anti-
PD-1,
lymphocyte-
-PDL1/2, -CD137 or -CTLA4 (cytotoxic T-
associated antigen 4) antibody or any other drug specifically targeting T-cell costimulation or if they had received
prior therapy with axitinib or other drugs targeting the
VEGF-pathway (such as bevacizumab). Other inclusion/
exclusion criteria can be found in the online supplementary table S1.
All participants provided written informed consent.
Procedures
Patients were screened for eligibility by history, physical examination, blood and urinary analysis (including
blood chemistry, hematological, endocrinological tests
and dipstick proteinuria), electrocardiography, MRI
of the brain (including T1±gadolinium contrast, T2/
FLAIR, diffusion/perfusion and spectroscopy), and
18
F-FET-PET/CT of the brain.
Patients were stratified according to their BL use of corticosteroids. Patients without need of or on a physiological
dose of corticosteroids (8 mg methylprednisolone (equivalent of 1.5 mg dexamethasone) or less) initiated axitinib
at an oral dose of 5 mg two times a day, and avelumab
(10 mg/kg administered intravenously over 60 min every
2 weeks) (Cohort-1). Administration of avelumab was
preceded by administration of 1 g of paracetamol and 5
mg of levocetirizine, as indicated by the label.
Patients who were treated at BL with a supraphysiological dose of corticosteroids initiated axitinib 5 mg two
times a day. Avelumab 10 mg/kg was added to axitinib
after 6 weeks if the dose of corticosteroids could be
tapered to a daily equivalent dose of methylprednisolone
8 mg or less (Cohort-2). The dose of axitinib could be
increased to 10 mg two times a day or decreased to 1 mg
two times a day according to tolerance.
Throughout the course of the study, patients were
evaluated on a continuous basis every 2 weeks with a
clinic examination and blood analysis. Every 6 weeks,
tumor response assessments were performed based
on gadolinium-
enhanced MRI of the brain. Follow-
up
imaging with 18F-FET-PET/CT was scheduled as clinically
indicated to complement MRI results.
In both cohorts, study therapy was continued until
confirmed progression of disease, unacceptable toxicity
or withdrawal of consent to continue study treatment.
Patients were allowed to continue study treatment
following the first documentation of disease progression
if the investigator considered this to be in the best interest
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therapy.6 Axitinib has an antiangiogenic and survival
prolongation effect in preclinical orthotopic GB models
and inhibits tumor growth in a GB xenograft model with
primary resistance to bevacizumab.7 Our group previously reported that axitinib monotherapy demonstrated
antitumor activity (ORR 28%) with manageable toxicity
in rGB.8 In this non-comparative randomized phase 2
clinical trial, survival (6-m-PFS% of 34% (95% CI 14%
to 54%)) was comparable to the survival of patients
treated with bevacizumab. In a subsequent randomized
phase 2 clinical trial, adding lomustine to axitinib did not
improve survival as compared with treatment initiation
with axitinib alone.9
Inhibition of the programmed cell death protein 1
(PD-1, CD279) or its ligand (PD-L1, CD274, B7 homolog
1 (B7-H1)) demonstrated clinical benefit across a large
number of tumor types.10 In patients with rGB however,
nivolumab, an IgG4 PD-1 blocking monoclonal antibody,
failed to improve survival of patients with rGB when
compared with bevacizumab (CheckMate-143 trial).11
Nivolumab treatment resulted in an ORR of 7.8% (95%
CI 4% to 13%) and a 6-m-PFS% of 15.7% (95% CI 10%
to 21%). The duration of response (DOR) on nivolumab
was longer as compared with bevacizumab (11.1 vs 5.3
months).
VEGF contributes to suppression of antitumor immunity within the tumor microenvironment, while axitinib
increases the infiltration of immune cells and reduces
the suppressive capacity of monocytic myeloid-
derived
suppressor cells in an intracranial mouse melanoma
model.12 Moreover, disease progression in rGB patients
treated with axitinib was associated with increased regulatory T-cell numbers and T-cell exhaustion.13 Combination
of VEGFR-inhibition by axitinib and PD-L1 blockade by
avelumab (a PD-L1 blocking IgG1 monoclonal antibody)
was found tolerable and significantly improved PFS in
patients with untreated metastatic renal cell carcinoma.14
We, therefore, investigated and report in this manuscript
the antitumor activity of the combination of axitinib plus
avelumab for the treatment of patients with rGB. Given
the negative impact of corticosteroid therapy, often used
to control for GB-associated neurological symptoms, the
question was addressed separately in two strata according
to the baseline (BL) use of corticosteroids at therapeutic
dose levels.15

Open access

Endpoints
The primary endpoint of the trial was the percentage of
patients who were alive and free from progression at 6
months (24 weeks) following the date of treatment initiation (6-
month-
PFS rate, 6-
m-
PFS%, estimated by the
Kaplan-Meier method). Tumor response and progression
of disease were defined according to the immunotherapy
response assessment for neuro-
oncology (iRANO)
criteria. The antitumor effect of the combination therapy
of avelumab with axitinib was estimated on both strata
separately. Additional objectives and secondary endpoints
were to estimate the median PFS/OS by Kaplan-Meier
estimates and the tumor response according to iRANO
criteria (assessed by the investigators); to document
treatment disposition for avelumab and axitinib; to document the safety of avelumab and axitinib (defined and
graded according to the Common Terminology Criteria
for Adverse Events V.4.03) and to assess the neurocognitive function and health-related quality of life (HRQoL)
(online supplementary table S2).
Statistical analysis
The sample size for Cohort-1 is determined according to
a one-stage Fleming design. Avelumab plus axitinib was

Figure 1
Group.

considered worthy of further investigations if a 6-m-PFS%
of >50% is observed (p(0)=0.30 and p(1)= 0.50). With an
alpha error of 0.10, and a beta error of 0.20, a sample size
of 26 patients is required.
The outcome of patients recruited to Cohort-2 is considered to be of an exploratory nature and no predefined
statistical hypothesis was used to calculate the sample
size for this cohort separately. Recruitment of patients to
Cohort-2 will be limited to the duration of recruitment
of patients to the parallel Cohort-1 or for a maximum
number of 26 patients. This trial was, therefore, planned
to recruit a maximum total of 2×26 patients (52 patients).
Statistical analyzes were performed using SPSS StatisticsV. 26.0 (SPSS). This study is registered with C
 linicalTrials.gov, number NCT03291314.

RESULTS
Patient BL characteristics
Between June 14 2017 and August 29 2018, 55 patients
were screened for eligibility. Fifty-four eligible patients
were enrolled in the trial, 27 in each cohort (figure 1).
BL characteristics are shown in table 1. Sixty-three per
cent of patients were male. The median age at treatment
initiation was 57 years (range 20–70) in Cohort-1, and 47
years (range 19–75) in Cohort-2. Most patients had an

CONSORT-diagram. CONSORT, Consolidated Standards of Reporting Trials; ECOG, Eastern Cooperative Oncology
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of the patient. Patients with confirmed tumor progression
needed to stop study treatment.
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Overall population
(n=54)

Cohort-1
(n=27)

Cohort-2
(n=27)

Sex, n(%)
 
Male

34 (63)

14 (52)

20 (74)

 
Female

20 (37)

13 (48)

7 (26)

Median age at treatment initiation, years

55 (range 19–75)

57 (range 20–70)

47 (range 19–75)

 
0

27 (50)

20 (74)

7 (26)

 
1

22 (41)

6 (22)

16 (59)

 
2

5 (9)

1 (4)

4 (15)

ECOG performance status, n(%)

Diagnosis, n(%)
 
Primary diagnosis of grade IV glioma

37 (69)

18 (67)

19 (70)

 
Primary diagnosis of lower-grade glioma with
evolution to high-grade glioma

17 (31)

9 (33)

8 (30)

  
Mutant

10 (19)

5 (19)

5 (19)

  
Wild-type

34 (63)

20 (74)

14 (52)

  
Unknown

10 (19)

2 (7)

Molecular profile, n(%)
 
IDH1/2 mutation

8 (30)

 
MGMT promotor
  
Methylated

6 (11)

  
Unmethylated

14 (26)

8 (30)

6 (22)

  
Unknown

34 (63)

16 (59)

18 (67)

1 (4)

3 (11)

3 (11)

3 (11)

 
1 p/19q codeletion
  
Yes

4 (7)

  
No

19 (35)

11 (41)

8 (30)

  
Unknown

31 (57)

15 (56)

16 (59)

Use of oral corticosteroid therapy at treatment
initiation, n(%)

31 (57)

4 (15)

27 (100)

8 mg

32 mg

Median daily dose of methylprednisolone at
baseline
Prior therapy for primary diagnosis of glioma, n(%)
 
Primary surgery for diagnosis
  
Resection

47 (87)

24 (89)

23 (85)

  
Biopsy

7 (13)

3 (11)

4 (15)

  
Resection/biopsy only

7 (13)

3 (11)

4 (15)

  
Radiation therapy only

1 (2)

0 (0)

1 (4)

  
Chemotherapy only

1 (2)

0 (0)

1 (4)

  
Surgery+chemotherapy only

1 (2)

1 (4)

0 (0)

  
Surgery+radiation therapy only

3 (6)

2 (7)

1 (4)

  
Surgery+radiation therapy +chemotherapy
(sequential)

1 (2)

0 (0)

1 (4)

  
Surgery+concomitant radiation therapy/
TMZ+adjuvant TMZ

40 (74)

21 (78)

19 (70)

Prior therapy for recurrent GB, n(%)
 
Surgery

39 (72)
33 (61)

20 (74)
18 (33)

19 (70)
15 (56)

 
Primary therapeutic strategy

Continued
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Overall population
(n=54)

Cohort-1
(n=27)

  
Median no of surgeries

1 (range 1–4)

 
Radiation therapy

11 (20)

6 (22)

 
Systemic therapy
  
Median no of lines of systemic therapy

33 (61)
1 (range 1–4)

16 (59)
1 (range 1–4)

1 (range 1–2)

Cohort-2
(n=27)
1 (range 1–4)
5 (19)
17 (63)
1 (range 1–3)

1 p/19q codeletion: deletion of short arm of chromosome one and long arm of chromosome 19.
ECOG, Eastern Cooperative Oncology Group; GB, glioblastoma; IDH, isocitrate dehydrogenase; MGMT, O-6-methylguanine-DNA
methyltransferase; TMZ, temozolomide.

ECOG PS of 0–1 (91%), 5 patients (one in Cohort-1 and 4
in Cohort-2) had an ECOG PS of 2. Thirty-seven patients
(69%) had a primary diagnosis of GB, while 17 patients
(31%) had a primary diagnosis of a lower-grade glioma
that had transformed to a GB. In Cohort-1, 4 patients
(15%) were treated at BL with a daily dose of methylprednisolone 8 mg. In Cohort-2, all patients were treated with
oral corticosteroids at BL at a median daily dose of 32 mg
of methylprednisolone (equivalent of dexamethasone 6
mg).
Previously, most patients in Cohort-1 and Cohort-2
had undergone a resection of their GB at primary diagnosis and had subsequently been treated with adjuvant
concomitant radiation therapy and temozolomide,
followed by adjuvant temozolomide (78% of patients in
Cohort-1 and in 70% of patients in Cohort-2). Seventy-two per cent of patients had also received prior therapies for recurrent disease. Respectively 33% and 56% of
patients in Cohort-1 and Cohort-2 had undergone at least
one resection (median 1 (range 1–4)) for rGB. Radiation
therapy for rGB had been administered to six patients
in Cohort-1 and five patients in Cohort-2. Prior systemic
therapies for recurrence were administered to 59% of
patients in Cohort-1 and to 63% of patients in Cohort-2.
Treatment disposition
At the date of analysis (May 19 2020), all patients had
permanently discontinued study treatment. The median
duration of follow-up after treatment initiation was 24.9
weeks (range 5.3–141.9).
All patients in Cohort-1 and -2 initiated axitinib treatment, and all patients in Cohort-1 initiated avelumab
concomitantly. The median duration of axitinib treatment was 19.1 weeks (range 4.0–88.3) in Cohort-1 and
12.0 weeks in Cohort-2 (range 0.7–59.0). The daily dose
of axitinib was escalated to 7 or 10 mg two times a day in
13 patients (10 in Cohort-1 and 3 in Cohort-2). Axitinib
dosing needed to be decreased to less than 5 mg two
times a day in 11 patients (six in Cohort-1 and five in
Cohort-2). A temporary interruption of axitinib dosing
was needed in 12 (44%) patients in Cohort-1 (toxicity:
nine patients; non-rGB-/non-treatment-related events: 3
patients). There were no permanent discontinuations of
axitinib due to toxicity in Cohort-1. Sixteen patients in
Cohort-2 (59%) temporarily interrupted axitinib dosing
Awada G, et al. J Immunother Cancer 2020;8:e001146. doi:10.1136/jitc-2020-001146

(toxicity: 13 patients; non-rGB-/non-treatment-related
events: 3 patients). Five patients (18%) in Cohort-2
permanently discontinued axitinib for reasons other than
progressive disease (three patients because of pulmonary
embolism, one patient because of microscopic colitis and
one patient because of infectious meningitis).
All patients in Cohort-1 initiated avelumab at the same
time as axitinib. Median duration of avelumab treatment
in Cohort-1 was 14 weeks (range 2.0–72.0). Seventeen
(63%) patients in Cohort-2 initiated avelumab after
reducing their daily dose of corticosteroids to an equivalent of 8 mg of methylprednisolone or less: 13 patients
reduced the dose after 6 weeks of axitinib monotherapy
and 4 patients were allowed to do so at a later point in
time because of incomplete steroid tapering after 6
weeks (n=3) or pneumonia (n=1). Ten patients (37%)
in Cohort-2 never initiated avelumab treatment because
of early progressive disease (seven patients), axitinib
monotherapy-related toxicity leading to early permanent
discontinuation (two patients with pulmonary embolism),
or a severe infection (infectious meningitis) leading to
permanent axitinib discontinuation in one additional
patient. Median duration of avelumab treatment in
Cohort-2 was 6.0 weeks (range 0.0–34.0).
Avelumab dosing was temporarily interrupted in seven
(26%) patients in Cohort-1 (toxicity: three patients; non-
rGB-/non-
treatment-
related events: four patients) and
permanently discontinued in 1 (grade 3 immune-related
hepatitis and pneumonitis).
Out of the 17 patients in Cohort-2 who initiated treatment with avelumab, temporary interruptions were necessary in 12 patients (71%) (because of corticosteroid need
leading to incompatibility with avelumab administration
(six patients), non-rGB-/non-treatment-related events
(five patients) and a microscopic colitis in one additional
patient). Avelumab was permanently discontinued in five
of these patients (one patient with pulmonary embolism,
related diarrhea and microone patient with immune-
scopic colitis, one patient with paraesthesia and two
patients with a permanent need for supraphysiological
corticosteroid doses).
Efficacy
In the overall population 15 out of 54 patients (27.8%)
achieved a confirmed complete or partial response per
5
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Overall population
(n=54)

Cohort-1
(n=27)

Cohort-2
(n=27)

Confirmed objective response, n(%)
 
Complete response

15 (27.8%)
2 (3.7%)

9 (33.3%)
1 (3.7%)

6 (22.2%)
1 (3.7%)

 
Partial response

13 (24.1%)

8 (29.6%)

5 (18.5%)

Stable disease, n(%)

15 (27.8%)

8 (29.6%)

7 (25.9%)

Progressive disease, n(%)

24 (44.4%)

10 (37.0%)

14 (51.9%)

Disease control rate, n(%)

30 (55.6%)

17 (63.0%)

13 (48.1%)

Median duration of response, weeks

18.0
(range 6.0–83.1)
6.0 (range 4.7–18.0)

17.9
(range 6.0–83.1)
6.0 (range 5.1–18.0)

19.0
(range 8.0–38.0)
5.9 (range 4.7–8.0)

Median time to response, weeks

iRANO, immunotherapy response assessment for neuro-oncology.

iRANO criteria (table 2). In Cohort-1 the confirmed
ORR was 33.3% (one confirmed complete (3.7%),
and eight confirmed partial responses (29.6%) were
observed) (figure 2). The median DOR in cohort 1 was
17.9 weeks (range 6.0–83.1). In Cohort-2 the confirmed
ORR was 22.2% (one confirmed complete (3.7%), and
five confirmed partial response (18.5%)). The median
DOR was 19.0 weeks (range 8.0–38.0). In patients who
achieved a confirmed OR, the median time to response
was 6.0 weeks (range 5.1–18.0) in Cohort-1 and 5.9 weeks
(range 4.7–8.0) in Cohort-2. The disease control rate was
63.0% and 48.1% in Cohort-1 and Cohort-2, respectively.
At the time of analysis (May 19 2020), all patients have
progressed and 50 have died. The median follow-up of
the four surviving patients is 114.9 weeks (range 100.9–
141.9). The 6-m-PFS% is 22.2% (95% CI 6.5% to 37.9%),
and 18.5% (95% CI 3.8% to 33.2%) in Cohort-1 and
Cohort-2, respectively (figures 3 and 4). The median PFS
is 12.0 (95% CI 8.2 to 15.8), and 10.7 weeks (95% CI 5.3 to
16.1), respectively. The median OS is 26.6 weeks (95% CI
20.8 to 32.4) and the OS rate at 12 months (52 weeks) is
22.2% (95% CI 6.5% to 37.9%) in Cohort-1; in Cohort-2,

the median OS is 18.0 weeks (95% CI 12.5 to 23.5) and
the OS rate at 12 months 11.1% (95% CI 0% to 22.9%).
Safety
Treatment-related adverse events (TRAEs) were observed
in all patients (table 3). Most TRAEs were low grade and
reversible and no grade 5 TRAEs events occurred. The
most common TRAEs were dysphonia (67%, all grade),
lymphopenia (50%, all grade), diarrhea and arterial
hypertension (both 48%, all grade), fatigue (46%, all
grade) and mucositis (24%, all grade). Grade 1 or 2
avelumab infusion reactions, chills and/or fever during
or immediately after the infusion of avelumab, were seen
in 11%, and 9% of patients, respectively. Adverse events of
special interest were pulmonary embolism (6%, all grade
4), immune-related hepatitis (4%; 1 grade 2, 1 grade 3),
immune-related pneumonitis (2%; grade 3), psoriasiform
rash (2%; grade 2) and microscopic colitis (2%, grade 2).
HRQoL and neurocognitive function
All patients were assessed for HRQoL and neurocognitive function at BL. At week 9 (follow-up 1), and week

Figure 2 Gadolinium-enhanced T1 MR images of a study patient treated with axitinib and avelumab who developed a partial
response (Cohort-1).
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21 (follow-up 2), respectively, 35 and 18 patients were
eligible for assessment. At BL, Cohort-1 had a better
global HRQoL, physical, social and role functioning but
Awada G, et al. J Immunother Cancer 2020;8:e001146. doi:10.1136/jitc-2020-001146

had higher levels of fatigue and motor dysfunction symptoms compared with Cohort-2. At follow-up 1, Cohort-2
had higher symptom levels of nausea and vomiting,
7

J Immunother Cancer: first published as 10.1136/jitc-2020-001146 on 16 October 2020. Downloaded from http://jitc.bmj.com/ on January 9, 2023 by guest. Protected by copyright.

Figure 3 PFS and OS curves. (A) PFS in Cohort-1 (blue) and Cohort-2 (red) from the start of study drugs. (B) OS in cohort 1
(blue) and cohort 2 (red) from the start of study drugs. 6-m-PFS%: 6-month-PFS rate; 12-m-OS%: OS rate at 12 months (52
weeks); 95% CI: 95% confidence interfal.

Open access

financial difficulties and drowsiness. No significant differences in neurocognitive functioning were found at BL
between Cohort-1 and Cohort-2. Descriptive statistics at
BL of HRQoL and cognitive function are summarized
in online supplementary table S3. In general, BL differences between the cohorts remained stable at follow-up.
Processing speed, attention and working memory significantly deteriorated at follow-up 1 and follow-up 2.
DISCUSSION
This prospective phase 2 trial failed to meet its primary
m-
PFS% of more than
objective in demonstrating a 6-
50% in patients with rGB without need for steroid treatment on treatment with the oral small molecule VEGFR-
inhibitor axitinib in combination with the PD-L1 blocking
8

monoclonal antibody avelumab. Neither did this study
provide a signal considered worthy of further investigation of this combinatorial treatment in patients with rGB,
independently of whether patients needed corticosteroid
treatment at the initiation of study treatment.
All endpoints assessing the activity of the investigational
combination therapy are considered not to be meaningfully different from the results previously obtained by our
group in two recently reported phase 2 clinical trials with
axitinib monotherapy or the combination of axitinib and
lomustine.8 9 The observed activity is therefore likely to
result from the previously reported activity of axitinib
monotherapy, resulting in a transient disease control rate
that is comparable to results obtained with bevacizumab
or cediranib-based regimens for rGB.16 17
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Figure 4 Swimmer plots. (A) Swimmer plot depicting progression-free (blue) and overall survival (orange) of patients in
Cohort-1 treated with avelumab and axitinib; (B) swimmer plot depicting progression-free survival (blue) and overall survival
(orange) of patients in Cohort-2. Black circle denotes timepoint of complete response, black triangle denotes timepoint of partial
response, black square denotes timepoint of death. The black cross denotes the start of avelumab in Cohort-2 patients.
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Adverse event, n(%)

Grade 1–2 (%)

Grade 3 (%)

Grade 4 (%)

Dysphonia
Lymphopenia

36 (67)
25 (46)

0 (0)
2 (4)

0 (0)
0 (0)

Diarrhea

24 (44)

2 (4)

0 (0)

Hypertension

22 (41)

4 (7)

0 (0)

Fatigue

21 (39)

4 (7)

0 (0)

Thrombocytopenia

24 (44)

1 (2)

0 (0)

Erythrocytosis

18 (33)

0 (0)

0 (0)

Thyroid-stimulating hormone increase

15 (28)

1 (2)

0 (0)

Alanine aminotransferase increase

13 (24)

1 (2)

0 (0)

Mucositis/aphtosis

13 (24)

0 (0)

0 (0)

Neutrophilia

9 (17)

0 (0)

0 (0)

Aspartate aminotransferase increase

8 (15)

1 (2)

0 (0)

Gamma-glutamyltransferase increase

4 (7)

5 (9)

0 (0)

Anorexia

7 (13)

1 (2)

0 (0)

Alkaline phosphatase increase

6 (11)

0 (0)

0 (0)

Headache

6 (11)

0 (0)

0 (0)

Chills-acute infusion reaction

6 (11)

0 (0)

0 (0)

Oral dysesthesia

5 (9)

0 (0)

0 (0)

Pruritus

5 (9)

0 (0)

0 (0)

Fever-acute infusion reaction

5 (9)

0 (0)

0 (0)

Dry mouth

4 (7)

0 (0)

0 (0)

Arthralgia

4 (7)

0 (0)

0 (0)

Abdominal pain

4 (7)

0 (0)

0 (0)

Rash papulopustular

4 (7)

0 (0)

0 (0)

Eosinophilia

4 (7)

0 (0)

0 (0)

Pulmonary embolism

0 (0)

0 (0)

3 (6)

Rash

3 (6)

0 (0)

0 (0)

Nausea

3 (6)

0 (0)

0 (0)

Confusion

2 (4)

1 (2)

0 (0)

Constipation

3 (6)

0 (0)

0 (0)

Thyroid-stimulating hormone decrease

3 (6)

0 (0)

0 (0)

Dyspnea

1 (2)

1 (2)

0 (0)

Hepatitis

1 (2)

1 (2)

0 (0)

Myalgia

2 (4)

0 (0)

0 (0)

Periodontal disease

2 (4)

0 (0)

0 (0)

Rash seborrheic

2 (4)

0 (0)

0 (0)

Rhinitis

2 (4)

0 (0)

0 (0)

Urinary frequency

2 (4)

0 (0)

0 (0)

Neutropenia

2 (4)

0 (0)

0 (0)

Creatine kinase increase

1 (2)

1 (2)

0 (0)

Acute kidney injury

0 (0)

1 (2)

0 (0)

Hypothyroidism

1 (2)

0 (0)

0 (0)

Dysphagia

1 (2)

0 (0)

0 (0)

Erythema
Impaired consciousness

1 (2)
0 (0)

0 (0)
1 (2)

0 (0)
0 (0)
Continued
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Table 3 Treatment-related adverse events

Open access

Adverse event, n(%)

Grade 1–2 (%)

Grade 3 (%)

Grade 4 (%)

Intracranial hemorrhage

0 (0)

1 (2)

0 (0)

Petechiae

1 (2)

0 (0)

0 (0)

Pneumonitis

0 (0)

1 (2)

0 (0)

Rash maculopapular

1 (2)

0 (0)

0 (0)

Rash psoriasiform

1 (2)

0 (0)

0 (0)

Subcutaneous swelling

1 (2)

0 (0)

0 (0)

Microscopic colitis

1 (2)

0 (0)

0 (0)

Vomiting

1 (2)

0 (0)

0 (0)

Lymphocytosis

1 (2)

0 (0)

0 (0)

Xerophtalmia
Xerosis

1 (2)
1 (2)

0 (0)
0 (0)

0 (0)
0 (0)

Our results indicating the absence of a convincing
level of activity of the PD-L1 blocking monoclonal antibody avelumab are in line with the previously reported
sobering results obtained with the PD-1 blocking antibodies nivolumab and pembrolizumab in rGB (either as
monotherapy or in combination with bevacizumab).11 18
Despite reported high PD-L1 expression in primary and
rGB, the GB tumor microenvironment is characterized by
a low frequency of exhausted tumor-infiltrating lymphocytes with a high level of co-expression of other inhibitory immune checkpoints (CTLA4, lymphocyte-activation
gene 3 and T-cell immunoglobulin mucin-3) which PD1/
PD-L1 blocking monoclonal antibodies may not be able
to overcome.19 20 In addition, expression of the B7-H3
(B7 homolog 3) immune checkpoint has been associated
with glioma-
specific immunosuppression.21 The durability of response is often considered a hallmark of cancer
immune checkpoint inhibition and previously reported
for a small proportion of patients with rGB treated with
nivolumab in the Checkmate-143 phase 3 trial. This was,
however, seemingly not improved as compared with historical controls in our trial as all patients with a confirmed
objective response eventually progressed. Absence of
highly durable tumor responses withheld us from investigating potential predictors of benefit from treatment with
axitinib and avelumab such as tumor mutation burden,
PD-
L1 immunohistochemical score, or T-
cell inflamed
gene expression signatures.
Our results indicate that in contrast to advanced renal
cell carcinoma where the combination of avelumab and
axitinib has shown synergistic activity and superior results
to the multitargeted kinase inhibitor sunitinib, this
combination may not be sufficient to overcome immune
suppression within the GB tumor microenvironment
resulting in a superior clinical activity in patients with
rGB.14
The results of this trial confirm our earlier phase 2
study reports that axitinib, by efficiently reducing tumor-
associated edema, allowed to taper corticosteroid dose in
17 out of 27 patients in Cohort-2 without worsening of
10

neurological symptoms.8 9 Axitinib could, therefore, still
be considered a potentially useful agent in future immunotherapy regimens for rGB, allowing patients to safely
reduce or stop immunosuppressive corticosteroid treatment before embarking on immunotherapy. The short
half-life of axitinib could be a safety advantage when there
is a potential need for interrupting treatment in case of
side effects.
Treatment with avelumab and axitinib was generally
well tolerated and no unexpected TRAEs were seen. AEs
were mostly of low grade and manageable and reversible
with supportive therapy, temporary corticosteroid treatrelated AEs), and temporary treatment (for immune-
ment interruption or dose reduction. The incidence of
related immune-
related AEs was lower than
avelumab-
seen in other tumor types. This may relate to the systemically immunosuppressed state of patients with rGB
following long periods of corticosteroid treatment. The
few cases diagnosed with immune-related AEs do indicate
the biological activity of avelumab in this patient population. Potentially life-threatening AEs consisted of three
patients with pulmonary embolism, and one patient with
intracranial hemorrhage. While these cases highlight the
need for increased cautiousness in patients considered at
risk for such events, their incidence is not clearly higher
that what can be expected in patients with rGB treated
with other modalities.
With respect to the EORTC QLQ-C30-BN20 instrument,
Dirven et al and Taphoorn et al reported that global QoL,
physical functioning, social functioning, motor dysfunction and communication deficit were the most relevant
subscales for assessing HRQoL in GB patients.22 23 Consistently, we found a better global HRQoL, physical and
social functioning in the patients who were not in need of
corticotherapy at BL (Cohort-1), and higher prevalence
of motor dysfunction in those who were (Cohort-2). This
difference remained stable during follow-up at week 9
and 21, notwithstanding the steroid sparing effect of the
study treatment.
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Based on computerized cognitive assessments performed
in between tumor response assessments at week 9 and 21, a
significant deterioration in 4 out of 5 domains of investigated
neurocognitive function was observed. Deterioration during
study treatment was also observed for the cognitive functioning scale of the EORTC QLQ-C30, this finding however
was not statistically significant. This observation is in line
with the findings of Gilbert et al who reported a deterioration of objective and subjective neurocognitive functioning
in newly diagnosed GB patients treated with VEGF-blocking
monoclonal antibody bevacizumab in combination with radiation therapy.24 Our observations are therefore indicative
for the fact that neurocognitive function may be at risk of
deterioration while disease progression is absent or unrecognized on conventional MRI assessment of tumor response
in GB patients treated with agents inhibiting the VEGF-/
VEGFR-axis.
A limitation that should be considered when extrapolating
our study results are the BL characteristics of our study population which consisted mostly of patients with primary GB
of which many were extensively pretreated. Most patients
(72%) had received one or more treatment modalities for
recurrent disease prior to treatment initiation within this
study. This could have impacted negatively on their chances
to benefit from PD-L1 immune checkpoint therapy as the
activity of PD-1/PD-
L1 targeted immunotherapy diminishes with increasing lines of prior therapy in other cancer
types such as melanoma.25 26 Tolerability is less likely to have
impacted on treatment outcome, especially in the patients
who initiated axitinib plus avelumab concomitantly (Cohort1). Temporary or permanent interruption of the study drugs
was infrequent in patients treated in Cohort-1. It was higher
in patients treated in Cohort-2 and 10 out of 27 patients were
never treated with avelumab, indicating the more difficult
setting of addressing the needs of patients who have become
dependent on corticosteroids to control disease related
symptoms.
In conclusion, the combination of avelumab and axitinib
did not meet its threshold for activity in an unselected population of adult patients with rGB, regardless of their BL use
of corticosteroids. We were not able to identify a subpopulation of patients where this combination could be of benefit.
The efficacy of the combination is similar to our previous
experience with axitinib monotherapy and the addition of
avelumab does not provide a signal of synergistic efficacy.
Axitinib confirms its role as a potent corticoid-sparing and
corticoid-
tapering agent to control tumor-
related edema.
No unexpected AEs were seen with axitinib monotherapy
or with the combination of axitinib and avelumab. Further
research is clearly warranted for this indication as patients
with rGB are in need of better treatment options. A better
understanding of the immunobiology of GB will be needed
in order to rationally conceive combinatorial regimens with a
higher chance of success.
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