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Abstract
Background. Radiotherapy may synergize with programmed cell death 1 (PD1)/PD1 ligand (PD-L1) blockade. The 
purpose of this study was to determine the recommended phase II dose, safety/tolerability, and preliminary effi-
cacy of combining pembrolizumab, an anti-PD1 monoclonal antibody, with hypofractionated stereotactic irradia-
tion (HFSRT) and bevacizumab in patients with recurrent high-grade gliomas (HGGs).
Methods. Eligible subjects with recurrent glioblastoma or anaplastic astrocytoma were treated with pembrolizumab 
(100 or 200  mg based on dose level Q3W) concurrently with HFSRT (30 Gy in 5 fractions) and bevacizumab  
10 mg/kg Q2W.
Results. Thirty-two patients were enrolled (bevacizumab-naïve, n = 24; bevacizumab-resistant, n = 8). The most common 
treatment-related adverse events (TRAEs) were proteinuria (40.6%), fatigue (25%), increased alanine aminotransferase 
(25%), and hypertension (25%). TRAEs leading to discontinuation occurred in 1 patient who experienced a grade 3 el-
evation of aspartate aminotransferase. In the bevacizumab-naïve cohort, 20 patients (83%) had a complete response 
or partial response. The median overall survival (OS) and progression-free survival (PFS) were 13.45 months (95% CI: 
9.46–18.46) and 7.92 months (95% CI: 6.31–12.45), respectively. In the bevacizumab-resistant cohort, PR was achieved 
in 5 patients (62%). Median OS was 9.3 months (95% CI: 8.97–18.86) with a median PFS of 6.54 months (95% CI: 
5.95–18.86). The majority of patients (n = 20/26; 77%) had tumor-cell/tumor-microenvironment PD-L1 expression <1%.
Conclusions. The combination of HFSRT with pembrolizumab and bevacizumab in patients with recurrent HGG is 
generally safe and well tolerated. These findings merit further investigation of HFSRT with immunotherapy in HGGs.

Key Points

1.   Hypofractionated stereotactic re-irradiation with pembrolizumab and bevacizumab in 
patients with recurrent high-grade glioma is generally safe and well tolerated.

2.   The median overall survival was 13.45 months in patients with bevacizumab-naïve 
tumors.
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Glioblastoma (GBM) remains one of the most fatal tumors, 
with poor prognosis and a 5- year survival rate of ~5‒10%.1 
Treatment options for patients with recurrent high-grade 
gliomas (HGGs) such as GBM are limited, with no regimen 
demonstrating significant improvement in survival. New 
treatment strategies are therefore needed.

Antibodies targeting immune checkpoints have shown 
limited activity in patients with recurrent GBM. The phase 
III CheckMate 143 trial (NCT02017717) compared the ef-
ficacy of the anti–programmed cell death 1 (PD1) mon-
oclonal antibody nivolumab versus bevacizumab in 
patients with GBM at first recurrence after temozolomide 
chemoradiotherapy. This study failed to show a survival 
benefit for nivolumab in the overall patient population with 
a first recurrence of GBM.2

Preclinical investigation has demonstrated that mod-
erate hypofractionated radiotherapy acts synergistically 
with immunotherapy to enhance the immune response 
against tumor cells.3–5 In a study by Zeng et al, combina-
tion of anti-PD1 antibody with stereotactic radiosurgery (10 
Gy) in a mouse orthotopic GBM model generated robust 
and durable responses and doubled the survival compared 
with either modality alone.5 In this study, an analysis of the 
brain and spinal cord of animals treated with combination 
therapy showed an increase in the ratio of cytotoxic to reg-
ulatory T cells (Tregs), with an increased tumor infiltration 
by cytotoxic T cells (CD8+/interferon-γ+/tumor necrosis 
factor-α+). However, the optimal human dose fractiona-
tion of radiotherapy in combination with immunotherapy 
in humans is not yet determined. Preclinical experiments 
have demonstrated the highest tumor-specific T-cell re-
sponse, lowest Tregs, and best tumor control with the use 
of a higher dose per fraction.6–8

Moreover, preclinical and clinical evidence indicate 
that abnormal tumor vasculature, partly caused by pro-
angiogenic factors such as vascular endothelial growth 
factor (VEGF), creates an immunosuppressive tumor mi-
croenvironment by increasing immunosuppressive cells 
(tumor associated macrophages and Tregs) and decreasing 
antitumor lymphocytes.9,10 Circulating VEGF exerts a sys-
temic influence on the host immune system by affecting 
proliferation, differentiation, and function of immune 
cells.9

Elevated levels of VEGF have been associated with in-
hibition of T-cell immune response by suppressing the 

maturation of dendritic cell precursors and by enhancing 
the proliferation and peripheral blood proportion of 
Tregs.11 The benefit of combined anti-VEGF agents with 
immunotherapy has been studied in several cancer 
models and has been approved for treatment of renal cell 
carcinoma.12–17 In murine models, combination therapy 
has resulted in increased tumoral infiltration of CD4+ 
and CD8+ T cells, decreased Tregs, significant decrease 
in negative co-stimulatory molecules PD1 and cytotoxic 
T-lymphocyte antigen 4, and increased tumor growth 
delay.12–16

Safety and efficacy of concomitant administration of 
bevacizumab with hypofractionated stereotactic radi-
otherapy (HFSRT) in previously irradiated gliomas has 
been investigated in a prospective study carried out by 
Gutin et al, where 25 patients with recurrent HGGs were 
treated with HFSRT (30 Gy; 6 Gy delivered in 5 fractions) 
combined with bevacizumab (10 mg/kg) every 2 weeks of 
28-day cycles. The combination therapy was safe and well 
tolerated without any cases of radiation necrosis. The re-
ported clinical outcome was more favorable than other 
trials using bevacizumab in recurrent HGGs. For the GBM 
cohort, overall response rate was 50% with median sur-
vival of 12.5 months.18

Here we report the results of a phase I clinical trial of 
an immune checkpoint inhibitor combined with HFSRT 
and anti-VEGF blockade in patients with recurrent 
HGGs. This study evaluated the safety and tolerability of 
pembrolizumab, a fully human immunoglobulin G sub-
class 4 monoclonal antibody inhibitor of PD1, in com-
bination with HFSRT and bevacizumab in patients with 
recurrent GBM or anaplastic astrocytoma. Selected ef-
ficacy outcomes were also assessed in an exploratory 
analysis.

Patients and Methods

This single-arm, open-label phase I study was conducted 
at the Moffitt Cancer Center between 2015 and 2019. It was 
registered in ClinicalTrials.gov (NCT02313272). The pro-
tocol and its amendments were reviewed and approved 
by the institutional review board. Written informed consent 
was provided by all patients.

Importance of the Study

Preclinical models suggest that the combination of 
anti-PD1 or anti–PD-L1 blockade with radiotherapy, es-
pecially with moderate hypofractionated radiotherapy 
dose, may amplify tumor-specific immune responses 
to cell death and tumor antigen release leading to im-
proved survival in HGGs. In this first reported trial of 
anti-PD1 blockade combination with HFSRT and vas-
cular endothelial growth factor in recurrent HGGs, 
pembrolizumab with HFSRT and bevacizumab were 
very well tolerated with no unexpected treatment 

related toxicities. Exploratory antitumor activity is en-
couraging, though our sample size is small and popu-
lation somewhat heterogeneous. In bevacizumab-naïve 
patients, median OS was 13.45  months and ~58% of 
subjects were alive 12 months after starting study treat-
ment. Further research into the strategies to enhance 
this effect by identifying optimal combination regimens 
and radiation dose/fractionation/treatment volume may 
be warranted.
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Eligibility Criteria

Patients were eligible if they were ≥18 years of age and 
had a recurrent World Health Organization (WHO) grade 
III (except anaplastic oligodendroglioma) or grade IV 
gliomas; maximum diameter of enhancing tumor (target 
lesion) ≤3.5 cm; previous first-line treatment with at least 
standard dose of radiotherapy (total dose  ≥54 Gy) and 
temozolomide; an interval of at least 6 months after the 
end of prior radiation therapy unless there was a new re-
currence outside of the previous radiotherapy treatment 
field; Karnofsky performance status (KPS) score  ≥70%; 
and adequate pulmonary, liver, kidney, and bone marrow 
function. Patients were excluded if they had more than 3 
recurrences of HGG; received re-irradiation to recurrent 
disease (in addition to standard frontline definitive ra-
diation therapy); had tumor recurrence within 5  mm of 
the brainstem and/or the optic chiasm; had evidence of 
infratentorial or leptomeningeal disease; active, known, 
or suspected autoimmune disease; had history of gastro-
intestinal bleeding or any other hemorrhage/bleeding ad-
verse event of grade ≥3 (Common Terminology Criteria for 
Adverse Events [CTCAE] v4) within 30 days prior to trial 
enrollment; or required chronic supraphysiologic doses of 
corticosteroids.

Treatment

Study treatment was started with 5 days of HFSRT at the 
beginning of cycle 1 (Fig. 1). The first doses of bevacizumab 
(10 mg/kg i.v.) and pembrolizumab were administered on 
cycle 1 day 1 (C1 D1). Bevacizumab 10 mg/kg i.v. was con-
tinued every 2 weeks. Two dose levels of pembrolizumab 
(100 mg and 200 mg i.v. Q3W) were explored. The first 3 
patients were treated with pembrolizumab at 100 mg i.v. 
Q3W dose. The subsequent patients were treated with 
pembrolizumab at 200  mg i.v. Q3W dose. Patients con-
tinued pembrolizumab and bevacizumab until confirmed 
disease progression, intolerable toxicity, or withdrawal 
of consent. Dose reductions were not permitted. Both 

pembrolizumab and bevacizumab could be held for tox-
icity and restarted when toxicity resolved.

Radiation Technique

Patients underwent CT simulation with noncontrast 1.5 mm 
CT slice thickness after being immobilized with a BrainLAB 
non-invasive thermoplastic mask. Volumetric MRI of the 
brain with 1 mm slices was performed within 1 week of CT 
simulation for treatment planning. CT images were fused 
with T1 postcontrast brain MRI. Gross tumor volume (GTV) 
was defined as the enhancing tumor on T1 postcontrast 
imaging. For the patients who underwent repeat resection 
for recurrence, the new resection cavity was also included 
in the GTV. The GTV was expanded by 3–5 mm margin to 
create the planning target volume (PTV). All patients had a 
PTV prescription of 30 Gy in 5 daily fractions. Simultaneous 
integrated boost technique was used so that the GTV re-
ceived 35 Gy in 5 fractions while allowing up to 1  cm3 
volume of GTV receiving 40 Gy in 5 fractions. Treatment 
planning was performed with either the BrainLAB system 
or Pinnacle treatment planning system. A single isocenter 
plan was used for each patient, and an intensity modulated 
radiation therapy technique was utilized. The plan was 
normalized so that 100% of the prescription dose covers 
95% of the PTV. Daily image guidance prior to each fraction 
was performed with cone-beam CT scans. HFSRT started 
on C1 D1 and was delivered over 5 days. The median GTV 
was 9.9  cm3 (range, 0.51–39.2  cm3). The mean PTV was 
55.07 cm3 (range, 6.87–123.53 cm3).

Safety and Efficacy Assessments

Treatment-related adverse events (TRAEs) were assessed 
continuously and graded according to the National Cancer 
Institute CTCAE v 4.0.

Tumor assessments were performed at baseline, 
and then every 6 weeks (±7  days) thereafter or as clini-
cally indicated. Tumor progression was assessed using 

  

B: Bevacizumab, every 2 weeks, until progression or toxicity

P: Pembrolizumab, every 3 weeks, up to 24 months or untill progression or toxicity

HFSRT: Daily for 5 days from day 1 (D1) to day 5 (D5)

B

B B B B B B

P P

D1

HFSRT
(D1–D5)

P P P

Fig. 1 Study treatment.
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contrast-enhanced MRI and according to Response 
Assessment in Neuro-Oncology (RANO) criteria.19 RANO 
criteria was chosen as the Immunotherapy RANO (iRANO) 
criteria do not provide clear guidance with combination of 
immunotherapy and anti-angiogenic agents where fluid at-
tenuated inversion recovery (FLAIR) changes are of more 
significance.20 However, to decrease the likelihood of 
prematurely discontinuing potentially effective therapy, 
subjects with suspected radiologic disease progression 
were permitted to receive study treatment until progres-
sion was confirmed by MRI performed approximately 8 
weeks after the initial radiological assessment of progres-
sion. If the follow-up MRI confirmed the progression, the 
date of initial determination was recorded as the date of 
tumor progression.

Tumor Sample Analyses

For patients with available tumor samples, PD-L1 tumor 
expression was determined retrospectively by using 
immunohistochemistry. Immunohistochemistry for PD-L1 
was conducted using Dako clone 22C3 following 20 min-
utes of antigen retrieval at low pH, and peroxidase de-
velopment of diaminobenzidine chromogen. Slides were 
counterstained with hematoxylin, and tumor regions 
were verified against hematoxylin and eosin (H&E)–
stained sections. Immunopositive cells were morpholog-
ically assigned to either neoplastic or microenvironment 
compartments. PD-L1 positivity was defined as membra-
nous staining in 1% or more of tumor cells. In patients 
who underwent surgical resection for recurrent disease, 
tumor PD-L1 expression was evaluated on both archival 
tissue from initial diagnosis and samples at the time of 
progression.

Moreover, data on tumor O6-methylguanine DNA 
methyltransferase (MGMT) promoter methylation and 
isocitrate dehydrogenase (IDH) mutation status were col-
lected in all patients. Molecular testing for IDH1/2 muta-
tions was performed either by polymerase chain reaction 
or pyrosequencing assay.

Tumor mutation burden (TMB) and microsatel-
lite status were determined through commercial 
FoundationOne or FoundationOne CDx tumor testing 
when possible.

Outcomes and Statistical Analyses

The primary objective was to determine the safety/
tolerability and the recommended phase II dose of 
pembrolizumab given in combination with HFSRT and 
bevacizumab in patients with recurrent HGGs. This ob-
jective was analyzed based on reported TRAEs which 
were graded according to CTCAE v4.0. A  secondary 
objective was to assess the objective response rate 
(ORR) per RANO criteria. PFS and OS were analyzed as 
ad hoc exploratory objectives. PFS was defined as the 
time from the date of treatment initiation to the date of 
documented progression or death, whichever occurred 
first. OS was defined as the time from the date of treat-
ment initiation to date of death from any cause. Survival 

follow-ups were performed every 3 months. PFS and OS 
were analyzed by Kaplan–Meier estimates and reported 
with 2-sided 95% CIs.

Results

Patient Characteristics and Treatment

Between 2015 and 2019, a total of 32 patients re-
ceived study treatment. The first 3 patients received 
pembrolizumab at 100 mg and the following 29 patients 
were treated with pembrolizumab at 200  mg. Twenty-
four patients had no prior exposure to anti-VEGF treat-
ment. Eight patients had prior tumor progression on 
bevacizumab. One patient in the bevacizumab-naïve co-
hort had prior disease progression on nivolumab. Patient 
baseline demographic and disease characteristics are 
listed in Table 1.

All patients have discontinued the study treatment. The 
reasons for discontinuation of study treatment included 
disease progression (n  =  21, 65.6%), patient preference 
(n  =  5, 15.6%), a medical condition unrelated to study 
treatment (n  =  5, 15.6%), and treatment-related toxicity 
(n = 1, 3.2%). The median durations of study treatment for 
bevacizumab-naïve patients (n  =  24) and bevacizumab-
resistant patients (n = 8) were 5.7 months (range, 1.4–17.5) 
and 4.9 months (range, 1.8–7.8), respectively.

At the time of analyses, the median durations of follow-up 
for bevacizumab-naïve patients (n = 24) and bevacizumab-
resistant patients (n = 8) were 3.7 months (range, 1.0–12.9) 
and 3.1 months (range, 1.2–31.3), respectively.

Safety

Of the 6 patients treated during the dose-finding phase 
(3 at pembrolizumab 100  mg and 3 at pembrolizumab 
200  mg), no dose-limiting toxicities were observed 
during the 6-week observation period. Therefore, 26 ad-
ditional patients were treated as a dose expansion co-
hort with pembrolizumab at 200  mg. The most common 
TRAEs of all grade were proteinuria, increased alanine 
aminotransferase, fatigue, and hypertension (Table  2). 
Grade 3 events were reported in 12 (34.4%) patients, with 
the most common being hypertension and thromboem-
bolic events. No grade 4/5 TRAEs were reported. No un-
expected toxicity or treatment-related neurologic adverse 
event of clinical significance was observed. One patient 
discontinued study treatment due to an asymptomatic 
grade 3 elevation of aspartate aminotransferase.

There was no evidence of symptomatic radiation ne-
crosis following re-irradiation. 

In the bevacizumab-naïve cohort, 8 patients were re-
ceiving corticosteroids at the time of screening. After start 
of study treatment, 6 patients were able to discontinue 
corticosteroids with no neurologic adverse event. In the 
bevacizumab failure cohort, 2 out of 8 patients were re-
ceiving corticosteroid at the time of trial entry, which was 
discontinued after start of study treatment. Two patients 
required systemic corticosteroids due to management 
of immune toxicity. Due to the small number of patients 
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requiring corticosteroids during therapy, assessing the im-
pact of corticosteroid use on response to therapy was not 
feasible.

Exploratory Efficacy

The objective response rates in the bevacizumab-
naïve and bevacizumab-resistant cohorts were 
83% (95% CI: 63‒95) and 62.5% (95% CI: 24.5‒91.5), 

respectively. Disease control rates, defined by complete 
response + partial response + stable disease, were 100% 
(95% CI: 85.8–100) and 75% (95% CI: 34.9–96.8), in the 
bevacizumab-naïve and -resistant groups, respectively 
(Table  3). The median durations of response (range) 
were 8.44 (1.4–21.6) and 5.83 (2.9–18.3) months in the 
bevacizumab-naïve and bevacizumab-resistant cohorts, 
respectively.

The median PFS among bevacizumab-naïve and 
bevacizumab-resistant patients was 7.92 months (95% CI: 

  
Table 1 Patient demographics and clinical characteristics

Characteristics BEV Naïve (n = 24) BEV Resistant (n = 8)

Age, y   

 Median (range) 55.5 (22–68) 49.5 (27–61)

Sex, n (%)   

 Male 14 (58) 7 (88)

 Female 10 (42) 1 (12)

Histopathologic Diagnosis, n (%)   

 Glioblastoma 22 (92) 7 (88)

 Anaplastic astrocytoma 2 (8) 1 (12)

KPS, n (%)   

 90 6 (25) 0

 80 13 (54) 2 (25)

 70 5 (21) 6 (75)

MGMT promoter methylation status, n (%)   

 Methylated 12 (50) 2 (25)

 Unmethylated 11 (46) 2 (25)

 Unknown 1 (4) 4 (50)

IDH mutation status, n (%)   

 Mutant 5 (21) 2 (25)

 Wildtype 19 (79) 3 (37.5)

 Unknown 0 3 (37.5)

Resection prior to study treatment, n (%)   

 Yes 12 (50) 2 (25)

 No 12 (50) 6 (75)

Tumor (enhancing) volume (cm3)   

 Median (range) 5.51 (0.51–39.2) 15.1 (6.81–27.3)

Recurrence(s), n (%)   

1st 18 (75) 0

2nd 6 (25) 7 (88)

3rd 0 1 (12)

Steroid use at day 1 of treatment, n (%)   

 Yes 5 (21) 2 (25)

 No 19 (79) 6 (75)

PD-L1 expression levels   

  <1% 15 5

  ≥1% 6 0

  ≥10% 1 0

 Unknown 3 3
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6.31–12.45) and 6.54 months (95% CI: 5.95–18.86), respec-
tively (Fig. 2).

Median OS was 13.45  months (95% CI: 9.46–18.46), 
and 9.3  months (95% CI: 8.97‒18.86) in bevacizumab-
naïve and bevacizumab-resistant patients, respectively 
(Fig.  3). In bevacizumab-naïve cohort, 6  months and 
12  months PFS were 66.7% (95% CI: 44.3–81.7%) and 
29.2% (95% CI: 13.0–47.6%). Six months OS was 91.7% 
(95% CI: 70.6–97.8%), 12  months OS was 58.3% (95% 
CI: 36.4–75.0%), and 24  months OS was 16.7% (95% CI: 
5.2–33.7%).

In bevacizumab-resistant cohort, 6 and 12  months 
OS were 87.5% (95% CI: 38.7– 98.1%) and 25.0% (95% CI: 
3.7–55.8%).

Analysis of Tumor Biospecimens

PD-L1 expression level of ≥1% (either by the tumor or 
tumor microenvironment) was detected in samples of 
6 out of 26 patients (23%) with available tissue for anal-
ysis. PD-L1 expression level of ≥10% was observed in the 
recurrent tumor sample of only 1 patient who had PD-L1 
expression of 1% at initial diagnosis. This low frequency 
prohibited any meaningful assessment of response by 
PD-L1 expression in this study. TMB data were available 
in 16 patients. Only 1 patient’s tumor had high TMB with 
118 mutations per megabase. This analysis was performed 
on tumor resected after progression on temozolomide. It 
is not known if the tumor was hypermutated at the time 
of diagnosis or increased TMB was secondary to treatment 
with temozolomide and radiotherapy. This patient who was 
treated in bevacizumab-resistant cohort experienced early 
disease progression at first imaging obtained after 3 weeks 
of treatment.

Discussion

Treatment for recurrent GBM and HGGs remains very chal-
lenging and the addition of novel therapies to traditional 
approaches (eg, re-resection, re-irradiation, and chemo-
therapy) has been disappointing so far. For example, the 
OS of nivolumab monotherapy at recurrence was only 
9.8 months in patients with recurrent GBM. Here we report 
a small phase I  trial in recurrent HGG patients where the 
survivals (PFS and OS) and toxicity profiles are encour-
aging using triple therapy with HFSRT, pembrolizumab, 
and bevacizumab in this setting.

Overall this approach was surprisingly well tolerated. 
With respect to safety, the primary endpoint, the combi-
nation of pembrolizumab (200 mg i.v. Q3W) with HFSRT 

  
Table 3 Best overall response and disease control rate

Response BEV Naïve,  
n = 24

BEV Resistant,  
n = 8

Best Overall Response, n (%)

Complete response 2 (8.3) 0

Partial response 18 (75) 5 (62.5)

Stable disease 4 (16.7) 1 (12.5)

 ≥12 wk 4 1

 ≥24 wk 3 0

Progressive disease 0 2 (25)

Disease Control Rate

Disease control rate,  
n (%)

24 (100) 6 (75)

95% CI 85.8–100.0 34.9–96.8

  

  
Table 2 Treatment-related adverse events

Treatment-Related  
Adverse Events

Any Grade,  
n (%)

Grades 3/4,  
n (%)

Proteinuria 13 (40.6) 0

Alanine aminotransferase  
increased

8 (25) 0

Fatigue 8 (25) 0

Hypertension 8 (25) 5 (15.6)

Aspartate aminotransferase  
increased

6 (18.8) 1 (3.1)

Hypothyroidism 6 (18.8) 0

Thromboembolic event 4 (12.5) 3 (9.4)

Anorexia 3 (9.4) 0

Arthralgia 3 (9.4) 0

Chills 2 (6.3) 0

Confusion 2 (6.3) 1 (3.1)

Hyperthyroidism 2 (6.3) 0

Lymphocyte count decreased 2 (6.3) 0

Blood bilirubin increased 1 (3.1) 0

Dysgeusia 1 (3.1) 0

Dysphagia 1 (3.1) 0

Dyspnea 1 (3.1) 0

Edema limbs 1 (3.1) 0

Blurry vision 1 (3.1) 0

Gait disturbance 1 (3.1) 0

Headache 1 (3.1) 0

Hyperkalemia 1 (3.1) 0

4th cranial nerve palsy 1 (3.1) 0

Myalgia 1 (3.1) 0

Nausea 1 (3.1) 0

Pancreatitis 1 (3.1) 1 (3.1)

Papulopustular rash 1 (3.1) 0

Psychiatric disorders 1 (3.1) 1 (3.1)

Rash acneiform 1 (3.1) 0

Rash maculopapular 1 (3.1) 0

Cough 1 (3.1) 0

Seizure 1 (3.1) 0

Wound complication 1 (3.1) 0

Total 87 12
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(30 Gy in 5 fractions) and bevacizumab (10 mg/kg i.v. Q2W) 
proved safe in the treatment of patients with recurrent 
HGG. The overall TRAE profiles are similar to those previ-
ously reported with pembrolizumab and bevacizumab. No 
unexpected toxicity or treatment-related neurologic ad-
verse event of clinical significance was observed. We won-
dered if perhaps bevacizumab may have blunted some of 
the side effects of re-irradiation, though we cannot be sure 
in this small number of patients.

The antitumor activity of this combination treat-
ment is encouraging, though our sample size is small 
and population somewhat heterogeneous. In our pa-
tients with bevacizumab-naïve HGG, the overall re-
sponse rate was 83% with median OS of 13.45  months 
(95% CI: 9.46–18.46). Response rate and median OS 
in patients with bevacizumab-naïve GBM receiving 
PD1 pathway inhibitor monotherapy, nivolumab, has 
been around 7.8% and 9.8  months (95% CI, 8.2–11.8), 
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Fig. 2 Kaplan–Meier estimates of PFS for patients with bevacizumab-naïve (A) and bevacizumab-resistant (B) tumors.
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respectively.2 A  phase II trial investigating 2 cohorts of 
bevacizumab-naïve recurrent GBM patients receiving 
either pembrolizumab  +  bevacizumab (49 patients) or 
pembrolizumab monotherapy (30 patients) resulted in 
median OS of 8.78 month (95% CI: 7.69–14.17) and 10.26 
(95% CI: 8.45–12.46), respectively.21 Another study, by 
Gutin et al, which investigated HFSRT given in 30 Gy in 
5 factions with bevacizumab in 20 patients with recurrent 
GBMs and 5 patients with anaplastic gliomas, resulted 
in an ORR of 52% (95% CI: 28–89%). The median OS was 
12.5 months (95% CI: 6.9–22.8 mo) for patients with recur-
rent GBM.18 Radiation Therapy Oncology Group (RTOG) 
1205 is a phase II trial evaluating HFSRT with concurrent 
bevacizumab versus bevacizumab alone in patients with 
bevacizumab-naïve recurrent GBM. The final result has 
not been published, but the authors have reported me-
dian OS of 10.1 months for patients who received HFSRT 
in addition to bevacizumab, which was not significantly 
different than patients who received bevacizumab mono-
therapy. It is worth mentioning that the hypofractionated 
regimen used in RTOG 1205 is 35 Gy given in 10 
fractions.22

Preclinical data supporting combining hypofractionated 
radiation and immunotherapy for malignant glioma are 
promising. In a murine melanoma model, moderate 
hypofractionated dose of 7.5 Gy per fraction lead to best 
tumor control and immunity and lower Tregs.7 Formenti 
et  al have shown that moderate ablative radiation dose 
such as 8 Gy per fraction × 3 fractions elicits abscopal ef-
fects better than high-dose single fraction of 20 Gy when 
combining with checkpoint inhibitors.23 Several com-
pleted and ongoing phase I and II studies for various tumor 
histologies are investigating efficacy and treatment se-
quence of this therapeutic approach.24,25 In our trial, we 
employed moderate ablative regimen of 6 Gy × 5 fractions 
that is in the range of moderate hypofractionated regimen 
thought to be immunogenic and synergistic with check-
point inhibitors. This regimen has also been shown to be 
safe and tolerable for re-irradiation in patients with recur-
rent glioblastoma.18

Whether the improved efficacy in our trial is due to pa-
tient selection, small numbers of patients, small tumor 
volume, or improved therapeutic ratio remains to be de-
termined. Our second trial which combines HFSRT (30 
Gy in 5 fractions) with bevacizumab, ipilimumab, and 
nivolumab in bevacizumab-naïve patients with HGG 
(NCT02829931) is ongoing and will provide more in-
formation on efficacy of immunotherapy regimens ad-
ministered with HFSRT.

Although initial reports suggested high expression of 
PD-L1 in glioblastoma samples, PD-L1 expression level of 
≥1% (either by the tumor or tumor microenvironment) was 
detected in only 23% of our patients. This is consistent with 
data from the CheckMate-143 trial.2

Recently, a small trial of 35 patients with recurrent GBM 
who were randomized to receive pembrolizumab prior to 
surgical resection versus postsurgical resection suggested 
that neoadjuvant blockade of PD1 enhances both systemic 
and local antitumor immune response, which may result 
in improved OS.26 While these results are provocative and 

need to be validated in a larger study, the most efficacious 
combination and sequence of surgical resection, HFSRT, 
anti-PD1/PD-L1 blockade, and anti-VEGF therapy is not yet 
fully determined.

There are several limitations in our study. First, while 
we proposed the use of bevacizumab to enhance immu-
nological responses on the basis of preclinical models in 
gliomas, we unfortunately were unable to obtain tissue 
from tumors or serum biomarkers in order to test this 
hypothesis. Importantly, we did not find any immune-
mediated effects mimicking radiographic progression, 
which have been observed in other studies of checkpoint 
inhibitors in GBM,20,27 suggesting that clinically apparent 
inflammatory reactions did not occur but does not address 
cellular immunologic responses. Interestingly, most pa-
tients did not require corticosteroid treatment during study 
treatment, and patients who were receiving steroids prior 
to study treatment were able to taper and remain off ste-
roid during treatment. We attribute these findings to use of 
bevacizumab in this regimen.

Other limitations in our study are related to its phase I na-
ture, which necessarily treats a small number of patients 
and the correspondingly large confidence intervals of trial 
endpoints, making definitive conclusions regarding effi-
cacy premature. Our trial included patients with enhancing 
tumors up to 3.5 cm in maximal diameter, resulting in the 
median enhancing tumor size of 9.9  cm3. A  number of 
patients underwent surgical resection for cytoreduction 
prior to study entry. The role of resection prior to combi-
nation radioimmunotherapy and bevacizumab could not 
be evaluated in this small trial. Finally, the patient popula-
tion is heterogeneous, some were heavily pretreated; the 
biology of the heavily treated tumors may differ from that 
of the patients who had first recurrence following initial 
chemoradiotherapy.

In conclusion, combination of HFSRT (30 Gy; 6 Gy de-
livered in 5 fractions) with pembrolizumab (200  mg i.v. 
Q3W) and bevacizumab (10  mg/kg i.v. Q2W) is safe and 
well tolerated in patients with recurrent HGGs (including 
GBMs). The result of this phase I  trial suggests that effi-
cacy of HFSRT with bevacizumab might be enhanced by 
the addition of pembrolizumab. Further research into the 
strategies to enhance this effect by identifying optimal 
combination regimens, treatment sequence, and radiation 
dose/fractionation may be warranted.
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