
Effect of Nivolumab vs Bevacizumab in Patients
With Recurrent Glioblastoma
The CheckMate 143 Phase 3 Randomized Clinical Trial
David A. Reardon, MD; Alba A. Brandes, MD; Antonio Omuro, MD; Paul Mulholland, PhD; Michael Lim, MD;
Antje Wick, MD; Joachim Baehring, MD; Manmeet S. Ahluwalia, MD; Patrick Roth, MD; Oliver Bähr, MD;
Surasak Phuphanich, MD; Juan Manuel Sepulveda, MD, PhD; Paul De Souza, MD; Solmaz Sahebjam, MD;
Michael Carleton, PhD; Kay Tatsuoka, PhD; Corina Taitt, MD; Ricardo Zwirtes, MD; John Sampson, MD;
Michael Weller, MD

IMPORTANCE Clinical outcomes for glioblastoma remain poor. Treatment with immune
checkpoint blockade has shown benefits in many cancer types. To our knowledge, data from
a randomized phase 3 clinical trial evaluating a programmed death-1 (PD-1) inhibitor therapy
for glioblastoma have not been reported.

OBJECTIVE To determine whether single-agent PD-1 blockade with nivolumab improves
survival in patients with recurrent glioblastoma compared with bevacizumab.

DESIGN, SETTING, AND PARTICIPANTS In this open-label, randomized, phase 3 clinical trial, 439
patients with glioblastoma at first recurrence following standard radiation and temozolomide
therapy were enrolled, and 369 were randomized. Patients were enrolled between
September 2014 and May 2015. The median follow-up was 9.5 months at data cutoff of
January 20, 2017. The study included 57 multicenter, multinational clinical sites.

INTERVENTIONS Patients were randomized 1:1 to nivolumab 3 mg/kg or bevacizumab 10
mg/kg every 2 weeks until confirmed disease progression, unacceptable toxic effects, or
death.

MAIN OUTCOMES AND MEASURES The primary end point was overall survival (OS).

RESULTS A total of 369 patients were randomized to nivolumab (n = 184) or bevacizumab
(n = 185). The MGMT promoter was methylated in 23.4% (43/184; nivolumab) and 22.7%
(42/185; bevacizumab), unmethylated in 32.1% (59/184; nivolumab) and 36.2% (67/185;
bevacizumab), and not reported in remaining patients. At median follow-up of 9.5 months,
median OS (mOS) was comparable between groups: nivolumab, 9.8 months (95% CI,
8.2-11.8); bevacizumab, 10.0 months (95% CI, 9.0-11.8); HR, 1.04 (95% CI, 0.83-1.30); P = .76.
The 12-month OS was 42% in both groups. The objective response rate was higher with
bevacizumab (23.1%; 95% CI, 16.7%-30.5%) vs nivolumab (7.8%; 95% CI, 4.1%-13.3%). Grade
3/4 treatment-related adverse events (TRAEs) were similar between groups (nivolumab,
33/182 [18.1%]; bevacizumab, 25/165 [15.2%]), with no unexpected neurological TRAEs or
deaths due to TRAEs.

CONCLUSIONS AND RELEVANCE Although the primary end point was not met in this
randomized clinical trial, mOS was comparable between nivolumab and bevacizumab in the
overall patient population with recurrent glioblastoma. The safety profile of nivolumab in
patients with glioblastoma was consistent with that in other tumor types.
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G lioblastoma has a poor prognosis, with a 5-year sur-
vival rate of less than 10%.1,2 Nearly all patients expe-
rience recurrence following standard-of-care surgical

resection, radiotherapy, and temozolomide.2-4 Treatment op-
tions at recurrence are limited, and no therapy has prolonged
overall survival (OS) in this setting, which underscores the need
for novel therapeutic interventions in this patient population.4

Use of immunotherapy to promote antitumor immune re-
sponse is an area of active research in the treatment of glio-
blastoma. Accumulating evidence suggests that immune cells
are able to enter, proliferate, and function in the central ner-
vous system (CNS), and resident macrophages can express ma-
jor histocompatibility complex II antigens and T-cell costimu-
latory cytokines on activation.5 These data and results from
murine glioma models showing improved survival with check-
point inhibitors6 suggest that immune checkpoint blockade
may be a potential treatment option for glioblastoma.

Nivolumab is a fully human immunoglobulin G4 mono-
clonal antibody targeting the programmed death-1 (PD-1) im-
mune checkpoint receptor. The safety of nivolumab in recur-
rent glioblastoma was demonstrated in the phase 1 safety
lead-in cohorts of the CheckMate 143 randomized clinical trial
(NCT02017717).7 On the basis of these safety results,7 a
randomized, open-label, phase 3 cohort was initiated to
compare the efficacy and safety of nivolumab vs bevacizumab
in patients with first recurrence of glioblastoma.

Methods
Study Design and Patients
The trial protocol is available in Supplement 1, and the statisti-
cal analysis plan is included in Supplement 2. Cohort 2 of the
CheckMate 143 trial was a randomized, open-label, phase 3 trial
conducted at 57 clinical sites in 12 countries. Eligible patients had
histologically confirmed World Health Organization grade IV re-
current glioblastoma or gliosarcoma (as defined by Response
Assessment in Neuro-Oncology criteria8) after first-line treat-
ment with radiotherapy and temozolomide, were 18 years or
older, had a Karnofsky performance status of 70 or higher, and
were 28 days or longer from prior surgery and 12 weeks or more
from prior radiation. Patients who had more than 1 recurrence
of glioblastoma, had a diagnosis of secondary glioblastoma, or
required escalating or chronic supraphysiological doses of cor-
ticosteroids (>10 mg/d prednisone equivalents [dexametha-
sone equivalents]; determined by the investigator) to treat symp-
tomatic cerebral edema were ineligible. Additional inclusion and
exclusion criteria are listed in the eMethods in Supplement 3. En-
rollment was increased by 120 patients to compensate for pa-
tient voluntary withdrawal in the bevacizumab arm.

The study protocol was approved by the institutional re-
view board or independent ethics committee of each partici-
pating institution. The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice, as de-
fined by the International Conference on Harmonisation. All
patients provided written informed consent prior to enroll-
ment. Randomization and masking methods are described in
the eMethods in Supplement 3.

Study Procedures
Patients received 3 mg/kg of nivolumab or 10 mg/kg of beva-
cizumab intravenously every 2 weeks. Study treatment con-
tinued until investigator-assessed progressive disease or on-
set of toxic effects requiring permanent discontinuation of
study treatment. Patients could continue study treatment fol-
lowing first evidence of progression until confirmed by
follow-up magnetic resonance imaging (MRI) within 12 weeks
if there was evidence of investigator-assessed clinical benefit
and adequate tolerability.

Tumor assessments were performed by the investigator
using contrast-enhanced MRI at baseline, day 1 of weeks 7 and
13, and every 8 weeks thereafter.8 Follow-up for survival oc-
curred every 3 months. Adverse events (AEs) were assessed
continuously during treatment and for 100 days or more after
the end of treatment according to National Cancer Institute
Common Terminology Criteria for Adverse Events (version 4.0).
At the time of enrollment, data on MGMT promoter methyla-
tion status (as locally assessed) were collected without infor-
mation on method of assessment; testing was not required for
enrollment. PD-L1 testing methods are described in the
eMethods in Supplement 3.

Outcomes
The primary end point was OS, defined as the time from ran-
domization to death from any cause, assessed for each group
using the Kaplan-Meier method. Secondary end points were
OS rate at 12 months, investigator-assessed progression-free
survival (PFS; defined as time from randomization to disease
progression or death from any cause), and investigator-
assessed objective response rate (ORR; defined as confirmed
complete response [CR] or partial response [PR]). Explor-
atory end points included safety and OS in prespecified pa-
tient subgroups, including MGMT promoter methylation sta-
tus (methylated vs unmethylated) and baseline corticosteroid
use (yes [within 5 days of first dose] vs no). Because cortico-
steroids suppress the immune response,9 additional analy-
ses were performed to explore whether no baseline cortico-
steroid use had a survival benefit based on patients’ MGMT
promoter methylation status.

Key Points
Question Does programmed cell death 1 immune checkpoint
inhibition with nivolumab improve overall survival compared with
bevacizumab treatment for patients with recurrent glioblastoma?

Findings In this randomized phase 3 clinical trial of 369 patients
diagnosed with recurrent glioblastoma treated with nivolumab, an
improved survival benefit was not observed in patients who
received nivolumab compared with bevacizumab-treated control
patients.

Meaning Additional research is needed; nivolumab monotherapy
did not improve overall survival compared with bevacizumab in
the treatment of recurrent glioblastoma. A study of nivolumab in
combination with radiotherapy and temozolomide in patients with
newly diagnosed glioblastoma with methylated MGMT promoter is
ongoing.
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Statistical Analysis
The final analysis of OS was planned for when 300 or more
deaths were reported among 369 randomized patients, pro-
viding approximately 92% power with an overall type I error
of 0.05. Overall survival was compared between treatment
groups using a 2-sided log-rank test stratified by the pres-
ence or absence of measurable disease at baseline. Kaplan-
Meier methodology was used to estimate survival in each
group, including medians (95% CI) and OS rates, and the
hazard ratios (HRs [95% CIs]) were estimated using a Cox
proportional hazards model adjusted for measurable dis-
ease. Additional statistical methods are described in the
eMethods in Supplement 3. The software used for statistical
analyses was SAS statistical software (version 9.2; SAS Insti-
tute, Inc), and the data cutoff date for the analysis was
January 20, 2017.

Results
Patients and Treatments
From September 2014 through May 2015, 369 patients were
randomized to nivolumab (n = 184) or bevacizumab (n = 185)
(Figure 1). Demographics and baseline clinical characteristics
were relatively well balanced between treatment groups. Pa-
tients in the nivolumab group had a numerically longer me-
dian time interval from diagnosis to recurrence (10.1 months
[range, 3.4-49.6 months] vs 8.5 months [range, 0-38.2 months])
(Table 1). No patients used the NovoTTF-100L system during
the study.

Of 369 randomized patients, 347 received study treat-
ment with nivolumab (n = 182 [52.4%]) or bevacizumab
(n = 165 [47.6%]). Final analysis was performed when 301
patients had died. At data cutoff (January 20, 2017), median
(range) follow-up was 9.8 (1.3-26.3) months in the
nivolumab group and 9.4 (0-26.8) months in the bevaci-
zumab group, and 175 of 184 patients (95%) in the
nivolumab group and 158 of 185 patients (85%) in the
bevacizumab group had permanently discontinued study
treatment; the most common reasons were disease progres-
sion (nivolumab, n = 162 [89.0%]; bevacizumab, n = 132
[80.0%]) and study dr ug-assoc iated toxic effec ts
(nivolumab, n = 6 [3.3%]; bevacizumab, n = 11 [6.7%])
(Figure 1). Duration of study treatment and number of doses
are described in the eResults in Supplement 3.

Efficacy
No statistical difference was observed in the risk of death
between groups (HR, 1.04; 95% CI, 0.83-1.30; P = .76); 154 of
184 patients (83.7%) in the nivolumab group died vs 147 of
185 patients (79.5%) in the bevacizumab group. Median OS
(mOS) was similar: 9.8 months (95% CI, 8.2-11.8 months)
with nivolumab vs 10.0 months (95% CI, 9.0-11.8 months)
with bevacizumab (HR, 1.04; 95% CI, 0.83-1.30; P = .76)
(Figure 2A). Median PFS was 1.5 months (95% CI, 1.5-1.6
months) with nivolumab and 3.5 months (95% CI, 2.9-4.6
months) with bevacizumab (HR, 1.97; 95% CI, 1.57-2.48;
P < .001) (Figure 2B).

The ORR in patients evaluable for response in the
nivolumab (n = 153) and bevacizumab (n = 156) groups was
7.8% (95% CI, 4.1%-13.3%) and 23.1% (95% CI, 16.7%-30.5%)
(eTable 1 in Supplement 3). Additional ORR data are pre-
sented in the eResults in Supplement 3. Responses were nu-
merically more durable with nivolumab than with bevaci-
zumab, with respective duration-of-response median (range)
of 11.1 (0.6-18.7) months and 5.3 (3.1-24.9) months.

Exploratory Analyses
Overall, OS was generally similar between prespecified pa-
tient subgroups (Figure 3A). Yet, among patients with no base-
line corticosteroid use, the HR for nivolumab vs bevaci-
zumab was 0.84 (95% CI, 0.62-1.15), and among patients with
baseline corticosteroid use, the HR for nivolumab vs bevaci-
zumab was 1.41 (95% CI, 1.01-1.97) (Figure 3A). The difference
in mOS between patients with baseline corticosteroid use and
those without was thus greater with nivolumab (7.0 vs 12.6
months) than with bevacizumab (8.9 vs 11.8 months) (eFig-
ure 1 in Supplement 3).

The mOS was longer in patients with tumors with a meth-
ylated MGMT promoter in both treatment groups (eFigure 2
in Supplement 3). There was a trend for inferior mOS with
nivolumab in patients with unmethylated MGMT promoter tu-
mors (HR, 1.34; 95% CI, 0.92-1.96) but not in patients with
methylated MGMT promoter tumors (HR, 0.92; 95% CI,

Figure 1. Study Profile
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Table 1. Patient Demographics and Baseline Characteristics

Characteristic

No. (%)

Nivolumab (n = 184) Bevacizumab (n = 185)

Age, median (range), y 55.5 (22-77) 55.0 (22-76)

<65 y 142 (77.2) 156 (84.3)

Male 116 (63.0) 119 (64.3)

Histopathologic diagnosis

Glioblastoma 183 (99.5) 184 (99.5)

Gliosarcoma 1 (0.5) 1 (0.5)

Radiotherapy completed 184 (100.0) 185 (100.0)

Temozolomide received 183 (99.5) 185 (100.0)

Median No. of prior temozolomide cycles (range) 6.0 (0-42) 5.0 (1-26)

Time from last RT dose to first dose of study drug

No. of patients 182 163

Median (range), mo 8.8 (1.8-47.5) 6.9 (1.1-36.9)

Time from initial diagnosis to recurrence

Median (range), mo 10.1 (3.4-49.6) 8.5 (0-38.2)

<1 y 108 (58.6) 139 (75.1)

≥1 y 76 (41.3) 46 (24.9)

Karnofsky performance status at study entry

100 42 (22.8) 25 (13.5)

90 71 (38.6) 78 (42.2)

80 50 (27.2) 57 (30.8)

70 19 (10.3) 24 (13.0)

<70 2 (1.1) 0

Not reported 0 1 (0.5)

Measurable target lesion(s) 153 (83.2) 156 (84.3)

Target lesion size, median (range), mm2 859.0 (100-5278) 854.0 (110-4030)

Site of target lesion(s)

Temporal lobe 64 (34.8) 54 (29.2)

Frontal lobe 49 (26.6) 53 (28.6)

Parietal lobe 23 (12.5) 27 (14.6)

Occipital lobe 12 (6.5) 11 (5.9)

Cerebellum 0 2 (1.1)

Brain stem 1 (0.5) 0

Insula 0 1 (0.5)

Other 20 (10.9) 28 (15.1)

MGMT promoter methylation status

Methylated 43 (23.4) 42 (22.7)

Unmethylated 59 (32.1) 67 (36.2)

Not reported 82 (44.6) 76 (41.1)

PD-L1 expression level

<1% 107 (58.2) 114 (61.6)

≥1% 48 (26.1) 35 (18.9)

Not quantifiable 29 (15.8) 36 (19.5)

Corticosteroid usea

Yes 73 (39.7) 79 (42.7)

<2 mg/d 20 (10.9) 25 (13.5)

≥2 to <4 mg/d 27 (14.7) 26 (14.1)

≥4 mg/d 26 (14.1) 28 (15.1)

No 111 (60.3) 106 (57.3)

Abbreviations: PD-L1, programmed
death ligand 1; RT, radiotherapy.
a Dexamethasone equivalents.
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0.56-1.51) (Figure 3A) (eResults in Supplement 3). Other dis-
ease characteristics, such as performance status (Figure 3A) or
size of residual tumor, were not associated with OS.

Hypothesis-generating subgroup analyses were con-
ducted to evaluate OS in prespecified subgroups. In a multi-
variable Cox proportional hazards model analysis, no base-
line corticosteroid use (HR, 0.59; 95% CI, 0.36-0.95) and
methylated MGMT promoter status (HR, 0.47; 95% CI, 0.29-
0.78) were each associated with longer OS in the nivolumab
group (eTable 2 in Supplement 3). With bevacizumab, meth-
ylated MGMT promoter status was associated with longer OS
(HR, 0.54; 95% CI, 0.32-0.89) (eTable 2 in Supplement 3), but
no baseline corticosteroid use was not. On the basis of these
results, the combined association of baseline MGMT pro-
moter methylation status and corticosteroid use with OS was
evaluated. Among patients with methylated MGMT pro-
moter and no baseline corticosteroid use, a trend toward lon-
ger mOS was observed in nivolumab-treated patients than in
bevacizumab-treated patients (17.0 vs 10.1 months; HR, 0.58;
95% CI, 0.30-1.11) (Figure 3, B and C) (eResults in
Supplement 3).

Safety
Any-grade TRAEs occurred at similar rates in the nivolumab
(103/182; 56.6%) and bevacizumab (95/165; 57.6%) groups, with
the most common being fatigue in the nivolumab group and
hypertension in the bevacizumab group (Table 2). Similar rates
of grade 3/4 TRAEs were reported with nivolumab (33/182;
18.1%) and bevacizumab (25/165; 15.2%). Neurological TRAEs
were reported in 25 of 182 (13.7%) nivolumab-treated

patients (grade 3/4, 8 [4.4%]) and 16 of 165 (9.7%) bevacizumab-
treated patients (grade 3/4, 2 [1.2%]); no individual neurologi-
cal TRAEs were reported in 5% or more of patients. Serious
TRAEs are described in the eResults in Supplement 3.

Immune-mediated AEs (IMAEs) reported in 2% or more
of patients are shown in eTable 4 in Supplement 3; the most
common were diarrhea (nivolumab, 27 [14.8%]; bevaci-
zumab, 13 [7.9%]), increased alanine aminotransferase (15
[8.2%]; 9 [5.5%], respectively), and rash (17 [9.3%]; 7 [4.2%],
respectively). No treatment-related deaths were reported.

Discussion
The CheckMate 143 trial was the first randomized phase 3 study
to investigate an immune checkpoint inhibitor in patients with
a primary brain tumor. The study did not meet the primary end
point of improved OS with nivolumab vs bevacizumab; OS was
comparable between treatment groups. The PFS and ORR were
numerically better in the bevacizumab group. Durations of re-
sponse were numerically longer in the nivolumab group. Toxic
effects were consistent with the known safety profiles of
nivolumab and bevacizumab.10,11 No new safety signals were
observed, including no apparent increase in the incidence of
neurological TRAEs.

Hypothesis-generating data from subgroup analyses
indicated that corticosteroid use at baseline, a known prog-
nostic factor for patients with glioblastoma,12 seemed to be
disproportionally and unfavorably associated with out-
comes in the nivolumab group. Patients requiring cortico-

Figure 2. Overall Survival (OS) and Progression-Free Survival (PFS) in All Patients
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observations. Hazard ratios (HRs) and CIs were estimated using a Cox
proportional hazards model.
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steroids to treat symptomatic cerebral edema may have
more rapidly progressive disease and may not have suffi-
cient time to derive benefit from immunotherapy. Further-
more, direct effects of corticosteroids on T-cell function

might abrogate activation or priming of the immune
system.13

The association of MGMT promoter methylation, a well-
known prognostic factor for patients with glioblastoma,14 with

Figure 3. Overall Survival (OS) in Prespecified Patient Subgroups Defined by Baseline Clinical Characteristics

1.0

0.8

0.6

0.4

0.2

0.9

0.7

0.5

0.3

0.1

0

Pr
ob

ab
ili

ty
 o

f O
S

Months

NivolumabB

Unstratified hazard ratios for death in patient subgroupsA

270 3 6 9 12 15 18 21 24

No. at risk
Group A
Group B
Group C
Group D

31
12
30
28

29
11
28
24

28
8

22
13

24
4

13
6

21
3

11
3

18
2
7
1

11
1
4
0

7
0
4
0

3
0
2
0

0
0
0
0

0 1 32
Unstratified HR (95% CI)

Favors
Nivolumab

Favors
BevacizumabNivolumab Bevacizumab

Unstratified HR 
(95% CI)Subgroup

All patients 154/184 147/185 0.99 (0.79-1.24)

Karnofsky performance status
>80%
≤80 %

91/113
63/71

82/103
64/81

0.94 (0.70-1.27)
1.13 (0.80-1.60)

Measurable target lesion
Yes
No

135/153
19/31

130/156
17/29

0.99 (0.78-1.27)
1.01 (0.52-1.94)

MGMT promoter status
Methylated
Unmethylated
Not reported/unknown

33/43
56/59
65/82

31/42
53/67
63/76

0.92 (0.56-1.51)
1.34 (0.92-1.96)
0.87 (0.62-1.23)

Tumor PD-L1 expression
≥1
<1%

40/48
89/107

28/35
92/114

1.35 (0.83-2.19)
0.97 (0.72-1.30)

Corticosteroid use at baseline
Yes
No

69/73
85/111

68/79
79/106

1.41 (1.01-1.97)
0.84 (0.62-1.15)

No. of Events/No. of Patients

Group A

Group B

Group C

Group D

Group
No. of events/
No. of patients

Median OS
(95% CI), months

Group A: MGMT methylated; 
no baseline corticosteroid use
Group B: MGMT methylated; 
baseline corticosteroid use
Group C: MGMT unmethylated; 
no baseline corticosteroid use
Group D: MGMT unmethylated; 
baseline corticosteroid use

21/31

12/12

27/30

28/28

17.0 (11.9-19.8)

7.7 (3.9-14.8)

8.3 (6.2-12.6)

5.6 (5.0-7.2)

1.0

0.8

0.6

0.4

0.2

0.9

0.7

0.5

0.3

0.1

0

Pr
ob

ab
ili

ty
 o

f O
S

Months

BevacizumabC

270 3 6 9 12 15 18 21 24

No. at risk
Group A
Group B
Group C
Group D

22
17
29
28

21
16
27
27

18
14
19
18

14
11
17
11

9
9

13
5

6
6
9
3

6
5
7
1

1
2
5
0

1
0
2
0

0
0
0
0

Group A

Group B

Group C
Group D

Group
No. of events/
No. of patients

Median OS
(95% CI), months

Group A: MGMT methylated; 
no baseline corticosteroid use
Group B: MGMT methylated; 
baseline corticosteroid use
Group C: MGMT unmethylated; 
no baseline corticosteroid use
Group D: MGMT unmethylated; 
baseline corticosteroid use

17/22

13/17

24/29

26/28

10.1 (8.7-14.9)

13.5 (6.4-20.7)

10.3 (5.9-14.9)

8.3 (5.2-10.2)

A, Forest plot of unstratified hazard ratios (HRs) for death in the analysis of
treatment effect in prespecified patient subgroups according to baseline
characteristics. B, Exploratory post hoc analyses of the number of events,
median OS, and Kaplan-Meier curves for OS in prespecified patient subgroups
treated with nivolumab. C, Exploratory post hoc analyses for bevacizumab.
Subgroups include patients with methylated tumors who did not receive

corticosteroids at baseline, patients with methylated tumors who received
corticosteroids at baseline, patients with unmethylated tumors who did not
receive corticosteroids at baseline, and patients with unmethylated tumors who
received corticosteroids at baseline. Symbols indicate censored observations;
HRs and CIs were estimated using a Cox proportional hazards model.
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survival was also analyzed. Longer mOS was observed in pa-
tients with methylated tumors than in patients with unmeth-
ylated tumors in both treatment groups. The difference in mOS
between patients with vs without methylated MGMT pro-
moter tumors was numerically greater in the nivolumab group
than in the bevacizumab group. The post hoc subgroup analy-
ses indicated that the subgroup of patients with glioblastoma
with methylated MGMT promoter and no baseline corticoste-
roid dependence may be most likely to derive benefit from im-
mune checkpoint inhibition.

Limitations
Study limitations include the small number of patients in
the subgroup analyses, lack of standardized MGMT pro-
moter methylation status assessment, insufficient data on

quality of life assessments, and use of archival tissue col-
lected at the time of initial diagnosis for biomarker analyses.

Conclusions
To our knowledge, the CheckMate 143 randomized clinical
trial is the first phase 3 study investigating the use of a PD-1
inhibitor in patients with recurrent glioblastoma. The study
did not meet the primary end point of OS. The safety profile
of nivolumab in patients with glioblastoma was consistent
with that in other tumor types. Patients with methylated
MGMT promoter glioblastoma and no baseline corticoste-
roid use may potentially derive benefit from treatment with
immune checkpoint inhibition.

ARTICLE INFORMATION

Accepted for Publication: March 4, 2020.

Published Online: May 21, 2020.
doi:10.1001/jamaoncol.2020.1024

Open Access: This is an open access article
distributed under the terms of the CC-BY-NC-ND
License. © 2020 Reardon DA et al. JAMA Oncology.

Author Affiliations: Dana-Farber/Harvard Cancer
Center, Boston, Massachusetts (Reardon); AUSL–
IRCCS Institute of Neurological Sciences, Bologna,
Italy (Brandes); Department of Neurology and Yale
Cancer Center, Yale University, New Haven,
Connecticut (Omuro); University College London
Hospitals, London, United Kingdom (Mulholland);
The Johns Hopkins Hospital, Baltimore, Maryland
(Lim); Neurology Clinic, University of Heidelberg,

National Center for Tumor Diseases, Heidelberg,
Germany (Wick); Yale School of Medicine, New
Haven, Connecticut (Baehring); Cleveland Clinic,
Cleveland, Ohio (Ahluwalia); Department of
Neurology and Brain Tumor Center, University
Hospital and University of Zurich, Zurich,
Switzerland (Roth, Weller); Dr Senckenberg
Institute of Neurooncology, Goethe University
Hospital, Frankfurt, Germany (Bähr); Samuel Oschin
Comprehensive Cancer Institute, Cedars-Sinai
Medical Center, Los Angeles, California
(Phuphanich); Hospital Universitario 12 de Octubre,
Madrid, Spain (Sepulveda); University of
Wollongong School of Medicine, Wollongong, NSW,
Australia (De Souza); Moffitt Cancer Center,
University of South Florida, Tampa, Florida
(Sahebjam); Bristol Myers Squibb, Princeton, New
Jersey (Carleton, Tatsuoka, Taitt, Zwirtes); Duke

University Hospital, Durham, North Carolina
(Sampson).

Author Contributions: Dr Reardon had full access
to all the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis. Drs Reardon and Brandes were
co-lead authors.
Concept and design: Reardon, Brandes, Omuro,
Lim, Baehring, Sahebjam, Tatsuoka, Taitt, Zwirtes,
Sampson.
Acquisition, analysis, or interpretation of data:
Reardon, Brandes, Omuro, Mulholland, Lim, Wick,
Baehring, Ahluwalia, Roth, Bähr, Phuphanich,
Sepulveda, De Souza, Sahebjam, Carleton, Taitt,
Zwirtes, Weller.
Drafting of the manuscript: Reardon, Brandes,
Omuro, Baehring, De Souza, Tatsuoka, Taitt,

Table 2. Treatment-Related Adverse Events of Any Grade Reported in 5% or More Patients and Grade 3/4
Reported in 2 or More Patients in Either Treatment Group

Patients

No. (%)

Nivolumab (n = 182)a Bevacizumab (n = 165)a

Any Grade Grade 3/4 Any Grade Grade 3/4

Any treatment-related adverse event 103 (56.6) 33 (18.1) 95 (57.6) 25 (15.2)

Treatment-related adverse events occurring
in ≥5% of patients in either group

Fatigue 38 (20.9) 6 (3.3) 23 (13.9) 0

Hypertension 1 (0.5) 0 37 (22.4) 13 (7.9)

Nausea 7 (3.8) 0 9 (5.5) 0

Rash 12 (6.6) 0 4 (2.4) 0

Pruritus 11 (6.0) 0 2 (1.2) 0

Diarrhea 10 (5.5) 0 2 (1.2) 0

Increased alanine aminotransferase 10 (5.5) 4 (2.2) 0 0

Other grade 3/4 treatment-related adverse
events occurring in ≥2 patients in either group

Headache 8 (4.4) 2 (1.1) 8 (4.8) 0

Increased lipase 7 (3.8) 4 (2.2) 1 (0.6) 0

Pulmonary embolism 1 (0.5) 1 (0.5) 6 (3.6) 5 (3.0)

Seizure 5 (2.7) 2 (1.1) 0 0

Cerebrovascular accident 0 0 4 (2.4) 2 (1.2)

Pneumonitis 4 (2.2) 2 (1.1) 0 0

Increased amylase 3 (1.6) 2 (1.1) 1 (0.6) 0

Hyperglycemia 2 (1.1) 2 (1.1) 0 0
a Patients who received study

treatment.

Nivolumab vs Bevacizumab in Patients With Recurrent Glioblastoma Original Investigation Research

jamaoncology.com (Reprinted) JAMA Oncology July 2020 Volume 6, Number 7 1009

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.1024?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024
https://jamanetwork.com/journals/jamaoncology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024#SecOpenAccess
https://jamanetwork.com/journals/jamaoncology/pages/instructions-for-authors?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024#SecOpenAccess
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024


Zwirtes, Weller.
Critical revision of the manuscript for important
intellectual content: Brandes, Omuro, Mulholland,
Lim, Wick, Baehring, Ahluwalia, Roth, Bähr,
Phuphanich, Sepulveda, De Souza, Sahebjam,
Carleton, Tatsuoka, Taitt, Zwirtes, Sampson, Weller.
Statistical analysis: Tatsuoka.
Administrative, technical, or material support:
Omuro, Wick, Baehring, Roth, Bähr, Phuphanich,
De Souza, Carleton, Taitt, Zwirtes, Weller.
Supervision: Reardon, Brandes, Omuro, Mulholland,
Roth, Phuphanich, Sepulveda, Carleton, Tatsuoka,
Taitt, Zwirtes, Sampson, Weller.

Conflict of Interest Disclosures: Dr Reardon has
received grant funding from Acerta
Pharmaceuticals, Incyte, Midatech, Omniox, and
Tragara; grant funding and personal fees from
Agenus, Celldex, EMD Serono, and Inovio; and
personal fees from Advantagene, Genentech/
Roche, Merck, Merck KGaA, Monteris, Novocure,
Oncorus, Oxigene, Regeneron, Stemline
Therapeutics, and Taiho Oncology. Dr Brandes has
received travel grants from Roche and Celgene. Dr
Omuro has received personal fees from Bristol
Myers Squibb, BTG, AstraZeneca, Inovio, Merck,
Stemline, Novocure, and Alexion. Dr Mulholland has
received grant funding, travel support, and
nonfinancial support (to forward plan
immuno-oncology use at Mount Vernon) from
Bristol Myers Squibb. Dr Lim has received grant
funding from Bristol Myers Squibb, Kryin-Kwoya,
Biohaven, Accuary, and Arbor; personal fees for an
advisory board from SQZ Biotechnologies, VBI
Technologies, and Tocagen; consultancy fees from
Stryker and Baxter; and grant funding for laboratory
research from DNATrix; and has a patent combining
local chemotherapy with immunotherapy pending
to Arbor and a patent combining stereotactic
radiosurgery with immunotherapy that has been
issued. Dr Baehring has served as a consultant to
Bristol Myers Squibb. Dr Ahluwalia has received
research funding from Bristol Myers Squibb; grants
and consultancy fees from Incyte, Bristol Myers
Squibb, AstraZeneca, Novocure, and AbbVie; grant
funding from Tracon, Novartis, Pharmacyclics,
Merck, and Bayer; consultancy fees from Monteris
Medical, Caris Life Sciences, MRI Solutions, CBT
Pharmaceuticals, Flatiron, Karyopharm, Tocagen,
Bayer, and Varian Medical Systems; personal fees
from Kadman and VBI vaccines; stock options from
MimiVax and Doctible; and personal fees from
Forma Therapeutics outside the submitted work.
Dr Roth has received personal fees from Bristol
Myers Squibb, Covagen, Medac, Novocure, Roche,
Debiopharm, and Virometix; grants from MSD
outside the submitted work. Dr Bähr has received
research funding and personal fees from Bristol
Myers Squibb and personal fees from Novocure and
Medac. Dr Phuphanich reported grants from Bristol
Myers during the conduct of the study.
Dr Sepulveda has received personal fees from
Bayer, AbbVie, Novartis, GW Pharma, Celgene, and
Pierre Fabre; and grant funding and personal fees
from Pfizer and Catalysis Pharma. Dr De Souza

reported other from BioSceptre outside the
submitted work. Dr Sahebjam has received grant
funding from Merck and Bristol Myers Squibb and
funding from Bristol Myers Squibb, Merck, Brooklyn
ImmunoTherapeutics, Lilly Pharmaceuticals,
Cortice Bioscience, Merck, and Bristol Myers Squibb
outside the submitted work. Drs Carleton,
Tatsuoka, and Taitt are employed by Bristol Myers
Squibb. Dr Zwirtes is employed by and owns stock
in Bristol Myers Squibb. Dr Sampson has served as a
consultant/advisory board member for Bristol
Myers Squibb and Brainlab; has received grant
funding and personal fees from and is a patent
holder for Celldex Therapeutics; has received grant
funding and personal fees from, owns equity/stock
in, and is a patent holder for Annias
Immunotherapeutics; and owns stock in Istari.
Dr Weller has received fees for patient enrollment
per study contract from Bristol Myers Squibb; grant
funding and personal fees from AbbVie, MSD,
Novocure, Merck (EMD Serono), and Roche; grant
funding from Actelion, Acceleron, Bayer, Tragara,
OGD Pharma, Piqur, and Dracen; and personal fees
from Basilea, Celgene, Celldex, Progenics, Tocagen,
and Orbus.

Funding Support: This study was supported by
Bristol Myers Squibb.

Role of the Funder/Sponsor: Bristol Myers Squibb
participated in study design, monitoring, and data
analysis. The sponsor and authors were involved in
data collection and development of the report and
approved the decision to submit the final report
for publication.

Data Sharing Statement: See Supplement 4.
Bristol Myers Squibb’s policy on data sharing may
be found at https://www.bms.com/researchers-
and-partners/independent-research/data-sharing-
request-process.html.

Additional Contributions: We thank the patients
and their families; investigators, and research staff
at all study sites; Ono Pharmaceutical, Osaka,
Japan; and the staff of Dako, an Agilent
Technologies, Inc, company, for collaborative
development of the PD-L1 IHC 28-8 pharmDx assay.
Editorial assistance was provided by Bridget
Sackey-Aboagye, PhD, of Chrysalis Medical
Communications, Inc.

REFERENCES

1. Stupp R, Hegi ME, Mason WP, et al; European
Organisation for Research and Treatment of Cancer
Brain Tumour and Radiation Oncology Groups;
National Cancer Institute of Canada Clinical Trials
Group. Effects of radiotherapy with concomitant
and adjuvant temozolomide versus radiotherapy
alone on survival in glioblastoma in a randomised
phase III study: 5-year analysis of the EORTC-NCIC
trial. Lancet Oncol. 2009;10(5):459-466.
doi:10.1016/S1470-2045(09)70025-7

2. Weller M, van den Bent M, Tonn JC, et al;
European Association for Neuro-Oncology (EANO)
Task Force on Gliomas. European Association for

Neuro-Oncology (EANO) guideline on the diagnosis
and treatment of adult astrocytic and
oligodendroglial gliomas. Lancet Oncol. 2017;18(6):
e315-e329. doi:10.1016/S1470-2045(17)30194-8

3. Omuro A, DeAngelis LM. Glioblastoma and other
malignant gliomas: a clinical review. JAMA. 2013;
310(17):1842-1850. doi:10.1001/jama.2013.280319

4. Weller M, Cloughesy T, Perry JR, Wick W.
Standards of care for treatment of recurrent
glioblastoma—are we there yet? Neuro Oncol. 2013;
15(1):4-27. doi:10.1093/neuonc/nos273

5. Lim M, Xia Y, Bettegowda C, Weller M. Current
state of immunotherapy for glioblastoma. Nat Rev
Clin Oncol. 2018;15(7):422-442. doi:10.1038/s41571-
018-0003-5

6. Reardon DA, Gokhale PC, Klein SR, et al.
Glioblastoma eradication following immune
checkpoint blockade in an orthotopic,
immunocompetent model. Cancer Immunol Res.
2016;4(2):124-135. doi:10.1158/2326-6066.
CIR-15-0151

7. Omuro A, Vlahovic G, Lim M, et al. Nivolumab
with or without ipilimumab in patients with
recurrent glioblastoma: results from exploratory
phase I cohorts of CheckMate 143. Neuro Oncol.
2018;20(5):674-686. doi:10.1093/neuonc/nox208

8. Wen PY, Macdonald DR, Reardon DA, et al.
Updated response assessment criteria for
high-grade gliomas: response assessment in
neuro-oncology working group. J Clin Oncol. 2010;
28(11):1963-1972. doi:10.1200/JCO.2009.26.3541

9. Gustafson MP, Lin Y, New KC, et al. Systemic
immune suppression in glioblastoma: the interplay
between CD14+HLA-DRlo/neg monocytes, tumor
factors, and dexamethasone. Neuro Oncol. 2010;12
(7):631-644. doi:10.1093/neuonc/noq001

10. Ferris RL, Blumenschein G Jr, Fayette J, et al.
Nivolumab for recurrent squamous-cell carcinoma
of the head and neck. N Engl J Med. 2016;375(19):
1856-1867. doi:10.1056/NEJMoa1602252

11. Friedman HS, Prados MD, Wen PY, et al.
Bevacizumab alone and in combination with
irinotecan in recurrent glioblastoma. J Clin Oncol.
2009;27(28):4733-4740. doi:10.1200/JCO.
2008.19.8721

12. Pitter KL, Tamagno I, Alikhanyan K, et al.
Corticosteroids compromise survival in
glioblastoma. Brain. 2016;139(Pt 5):1458-1471.
doi:10.1093/brain/aww046

13. Min L, Hodi FS, Kaiser UB. Corticosteroids and
immune checkpoint blockade. Aging (Albany NY).
2015;7(8):521-522. doi:10.18632/aging.100797

14. Hegi ME, Diserens AC, Gorlia T, et al. MGMT
gene silencing and benefit from temozolomide in
glioblastoma. N Engl J Med. 2005;352(10):997-1003.
doi:10.1056/NEJMoa043331

Research Original Investigation Nivolumab vs Bevacizumab in Patients With Recurrent Glioblastoma

1010 JAMA Oncology July 2020 Volume 6, Number 7 (Reprinted) jamaoncology.com

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamaoncol.2020.1024?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://www.bms.com/researchers-and-partners/independent-research/data-sharing-request-process.html
https://dx.doi.org/10.1016/S1470-2045(09)70025-7
https://dx.doi.org/10.1016/S1470-2045(17)30194-8
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2013.280319?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024
https://dx.doi.org/10.1093/neuonc/nos273
https://dx.doi.org/10.1038/s41571-018-0003-5
https://dx.doi.org/10.1038/s41571-018-0003-5
https://dx.doi.org/10.1158/2326-6066.CIR-15-0151
https://dx.doi.org/10.1158/2326-6066.CIR-15-0151
https://dx.doi.org/10.1093/neuonc/nox208
https://dx.doi.org/10.1200/JCO.2009.26.3541
https://dx.doi.org/10.1093/neuonc/noq001
https://dx.doi.org/10.1056/NEJMoa1602252
https://dx.doi.org/10.1200/JCO.2008.19.8721
https://dx.doi.org/10.1200/JCO.2008.19.8721
https://dx.doi.org/10.1093/brain/aww046
https://dx.doi.org/10.18632/aging.100797
https://dx.doi.org/10.1056/NEJMoa043331
http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2020.1024

