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Abstract

Background. Immunotherapies have demonstrated efficacy across a diverse set of tumors supporting further
evaluation in glioblastoma. The objective of this study was to evaluate the safety/tolerability and describe immune-
mediated effects of nivolumab + ipilimumab in patients with recurrent glioblastoma. Exploratory efficacy out-
comes are also reported.

Methods. Patients were randomized to receive nivolumab 3 mg/kg every 2 weeks (Q2W; NIVO3) or nivolumab
1 mg/kg + ipilimumab 3 mg/kg every 3 weeks (Q3W) for 4 doses, then nivolumab 3 mg/kg Q2W (NIVO1+IPI3). An
alternative regimen of nivolumab 3 mg/kg + ipilimumab 1 mg/kg Q3W for 4 doses, then nivolumab 3 mg/kg Q2W
(NIVO3+IPI1) was investigated in a nonrandomized arm.

Results. Forty patients were enrolled (NIVO3, n = 10; NIVO1+IPI3, n = 10; NIVO3+IPI1, n = 20). The most common
treatment-related adverse events (AEs) were fatigue (NIVO3, 30%; NIVO1+IPI3, 80%; NIVO3+IPI1, 55%) and diarrhea
(10%, 70%, 30%, respectively). AEs leading to discontinuation occurred in 10% (NIVO3), 30% (NIVO1+IPI3), and 20%
(NIVO3+IPI1) of patients. Three patients achieved a partial response (NIVO3, n = 1; NIVO3+IPI1, n = 2) and 8 had
stable disease for >12 weeks (NIVO3, n =2; NIVO1+IPI3, n = 2; NIVO3+IPI1, n =4 [Response Assessment in Neuro-
Oncology criteria]). Most patients (68%) had tumor-cell programmed death ligand-1 expression >1%. Immune-
mediated effects mimicking radiographic progression occurred in 2 patients.

Conclusions. Nivolumab monotherapy was better tolerated than nivolumab + ipilimumab; the tolerability of the
combination was influenced by ipilimumab dose. These safety and exploratory findings merit further investigation
of immunotherapies in glioblastoma.
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Importance of the study

Glioblastoma tumors generate an immunosuppres-
sive environment through several mechanisms (eg,
programmed death 1/cytotoxic T-lymphocyte antigen 4/
indoleamine 2,3-dioxygenase 1/lymphocyte-activation
gene 3 pathways) that help them avoid the immune
system. Immune checkpoint inhibitors have provided
clinical benefit in multiple malignancies, including dis-
ease control in melanoma brain metastases. Therefore,
checkpoint inhibitors could have a role in difficult-to-
treat patients with glioblastoma. In this first article
reporting a prospective trial of immune checkpoint
inhibitors in recurrent glioblastoma, nivolumab = ipili-
mumab regimens were tolerable, with no unexpected

Glioblastoma (GBM), the most common malignant primary
brain tumor in adults, is a highly invasive and aggressive
form of cancer."? Patients with GBM have a poor progno-
sis, with 5-year survival rates of 5%-10%."? Initial treatment
for patients with newly diagnosed disease usually involves
surgical resection followed by radiotherapy with con-
comitant and adjuvant temozolomide.* However, nearly
all tumors recur, and available salvage therapies such as
temozolomide, bevacizumab, lomustine, and tumor-treat-
ing fields have limited efficacy, providing a median overall
survival (OS) of 5.4-10.6 months.*'° Due to the severity of
this disease and the lack of effective treatment options, fur-
ther investigation of novel therapies is needed.

Many tumors attempt to evade the immune response
by exploiting immune regulatory checkpoints, includ-
ing the immunosuppressive cytotoxic T-lymphocyte anti-
gen 4 (CTLA-4) and programmed death 1 (PD-1) receptor
pathways.? Ipilimumab is a fully human immunoglobulin
G subclass 1 monoclonal antibody that inhibits CTLA-4
with demonstrated efficacy in metastatic melanoma.™
Nivolumab is a fully human immunoglobulin G subclass 4
monoclonal antibody inhibitor of PD-1, approved globally
for the treatment of multiple malignancies'?'3; nivolumab
has demonstrated clinical benefit (improved survival and/
or rate of response) compared with former standard-of-
care treatments in all approved indications.’23

Although the CNS historically has been considered an
immuno-privileged site, increasing evidence suggests
that the CNS interacts with the peripheral immune system
and is immunocompetent.??* Expression of the PD-1 lig-
and (PD-L1) has been observed in primary GBM tumors,
and expression levels were found to correlate with glioma
grade.?>?® Furthermore, treatment with immune check-
point inhibitors demonstrated improved survival in murine
models of glioma?’ and was able to provide disease control
(stable disease or better) in some patients with melanoma
who had brain metastases,?®?° suggesting that immuno-
therapy could be a potential treatment option for patients
with CNS tumors.

Here we report the results of the first prospective clin-
ical trial of immune checkpoint inhibitors in recurrent
GBM. This phase | study evaluated the safety, tolerability,
and immunologic effects of nivolumab with or without

treatment-related neurological events reported.
Exploratory efficacy results indicated that ~20% of
patients achieved stable disease >12 weeks, and 5
(12.5%) survived >25 months. Pathologically assessed
treatment-related changes in some patients were indis-
tinguishable from radiological progression, highlight-
ing the difficulties of assessing progression by MRI.
Signs of antitumor immune responses were observed
in some patients, indicating that immunotherapies
may overcome the immunosuppressive CNS environ-
ment in selected patients. Larger studies investigating
the optimal role of immunotherapy in glioblastoma are
ongoing.

ipilimumab at different dose levels in patients with recur-
rent GBM, with the goal of guiding larger randomized stud-
ies in this disease. Selected efficacy outcomes were also
assessed in an exploratory analysis.

Materials and Methods

This report describes results (data cutoff: January 20,
2017) from the lead-in, exploratory phase | cohorts of
CheckMate 143 (NCT02017717). These cohorts evaluated
the safety of nivolumab with or without ipilimumab at 2
different dosing schedules; the study was conducted at 9
sites in the United States. All enrolled patients provided
written informed consent, and the study protocol was
approved by the institutional review board or independent
ethics committee of each participating institution.

Patients

Eligible patients were >18 years old at the time of screen-
ing and had a histologically confirmed diagnosis of World
Health Organization (WHO) grade IV malignant glioma3®
(GBM or gliosarcoma), irrespective of O8-methylguanine-
DNA methyltransferase (MGMT) promoter methylation
status and tumor PD-L1 expression, and a KPS of >70%.
Patients had a first recurrence of GBM following first-line
treatment with at least radiotherapy and temozolomide,
confirmed by diagnostic biopsy or contrast-enhanced MRI
<21 days prior to study entry per Response Assessment
in Neuro-Oncology (RANO) criteria.3! For cases in which
MRI was used to document recurrence, an interval of >12
weeks following radiotherapy was required unless new
enhancement outside of the radiotherapy treatment field
was reported or histopathologic confirmation of recur-
rent tumor was obtained. Patients were included if they
had at least 1 measurable lesion with at least 2 perpen-
dicular enhancing diameters measuring >10 mm. Patients
were excluded if they had more than 1 recurrence of GBM;
diagnosis of secondary GBM; evidence of extracranial
metastatic or leptomeningeal disease; active, known, or
suspected autoimmune disease; or prior treatment with
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an anti-PD-1 or anti—-CTLA-4 therapy. Concomitant medica-
tions are described in the Supplementary material.

Study Design

Patients were initially randomized (1:1) to receive ei-
ther nivolumab 3 mg/kg every 2 weeks (Q2W; NIVO3) or
nivolumab 1 mg/kg + ipilimumab 3 mg/kg every 3 weeks
(Q3W) for 4 doses followed by nivolumab 3 mg/kg Q2W
thereafter (NIVO1+IPI3). A subsequent nonrandomized co-
hort in which patients received nivolumab 3 mg/kg + ipili-
mumab 1 mg/kg Q3W for 4 doses followed by nivolumab
3 mg/kg Q2W thereafter (NIVO3+IPI1) was initiated due to
results in other tumor types suggesting that NIVO3+IPI1
may be better tolerated than NIVO1+IPI3%%; this cohort
started enrolling patients after accrual to the randomized
cohort was completed.

Patients were treated until confirmed disease progres-
sion, intolerable toxicity, or withdrawal of consent. Dose
reductions were not permitted. Safety assessments were
performed continuously during treatment and for 2100 days
after the last dose of study treatment or until a treatment-
related adverse event (TRAE) resolved, returned to baseline,
or was deemed irreversible. AEs and laboratory values were
graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (CTCAE) v4.0.33

Tumor assessments were performed using contrast-
enhanced MRI every 6 weeks for the first 2 assessments,
followed by every 8 weeks thereafter or as clinically indi-
cated according to RANO criteria. Radiological response
was assessed by comparing the baseline and on-treatment
MRI scans, and progression was determined by using the
smallest tumor measurement at baseline or after initiation
of study medication. Patients who met radiological criteria
for disease progression were permitted to remain on study
medication at the discretion of the treating physician if a
clinical benefit was indicated and treatment was tolerated,
or until progression was confirmed by MRI or surgery. If
the follow-up assessment confirmed progression, then
progression was recorded as having occurred on the date
of initial determination. Survival was assessed throughout
treatment and every 3 months during the follow-up phase.

Tumor tissue was collected from all patients at base-
line (archival [at initial diagnosis] or fresh [at recurrence])
and from patients who had suspected progression at
the time of on-study surgery or biopsy; tissue collected
from patients who had suspected progression was retro-
spectively assessed by central neuropathological review.
Hematoxylin and eosin staining and immunohistochem-
istry analyses were performed using formalin-fixed,
paraffin-embedded tumor tissue. For biomarker analyses
assessing expression of PD-L1, the Dako IHC 28-8 pharmDx
assay (rabbit anti-human antibody clone 28-8) was used.
Tumor PD-L1 expression was evaluated by the frequency
of tumor cells expressing membrane PD-L1 (ie, patients
with PD-L1 expression levels >1% were defined as those
with >1 PD-L1-positive tumor cell within a field of 100 eval-
uable cells). PD-L1 analyses were performed using archival
or fresh tissue, and samples were considered evaluable for
PD-L1 expression if there was sufficient tissue to perform
the assay.

Outcomes

The primary objective was to evaluate the safety and toler-
ability of nivolumab with or without ipilimumab in patients
with recurrent GBM. Exploratory objectives included
evaluation of the objective response rate (confirmed com-
plete response or partial response) per RANO criteria,
progression-free survival (PFS), and determination of the
frequency of PD-L1 expression in recurrent GBM. Although
OS was not included among the prespecified outcome
assessments, it was analyzed as an ad hoc exploratory
objective.

Statistical Analyses

The primary endpoint of safety and tolerability was ana-
lyzed based on AEs and laboratory parameters that were
graded per CTCAE v4.0. Exploratory endpoints of PFS and
OS were analyzed by Kaplan—-Meier estimates, using the
product-limit method, and reported with 2-sided 95% Cls.
PFS was calculated from the date of treatment initiation to
the date of progression or death, whichever occurred first.

Role of the Funding Source

The study was designed by the authors in collaboration
with the sponsor (Bristol-Myers Squibb). The authors and
the sponsor were responsible for data collection, and the
sponsor was responsible for data analysis.The authors and
sponsor were involved in data interpretation and the de-
velopment of this report, and they attest that the study was
conducted in accordance with the study protocol.

Results
Patient Characteristics and Disposition

Between February 2014 and September 2014, 40 patients
were treated in the study; the first 20 patients enrolled
were randomized to receive either NIVO3 (n = 10) or
NIVO1+IPI3 (n = 10), and the following 20 patients were
assigned to receive NIVO3+IPI1 (Fig. 1). Baseline character-
istics were comparable between treatment groups (Table
1). All treated patients had a histopathologic diagnosis of
GBM (except 1 patient [NIVO3], who had a diagnosis of
gliosarcoma) and at least 1 measurable lesion (except 1 pa-
tient [NIVO3], who had only a nonmeasurable lesion [pa-
tient not evaluable for response]).

As of the data cutoff (January 20, 2017), most patients
had discontinued treatment (NIVO3, 90%; NIVO1+IPI3,
100%; NIVO3+IPI1, 100%; Fig. 1). The most common rea-
sons for discontinuation included disease progression
(NIVO3, 90%; NIVO1+IPI3, 70%; NIVO3+IPI1, 60%), treat-
ment-related toxicity (NIVO1+IPI3, 30%; NIVO3+IPI1, 5%),
patient decision (NIVO3+IPI1, 15%), and toxicity unrelated
to study drug (NIVO3+IPI1, 10%). The median durations of
follow-up for surviving patients treated with NIVO3 (n = 1)
and those treated with NIVO3+IPI1 (n = 3) were 33.7 and
27.2 months (range, 9.2-28.3), respectively.
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[ Enroliment

Assessed for eligibility (n=46)

Excluded (n=6)
No longer met incusion criteria (n=3)
Withdrew consent (n=3)

A

Randomized 1:1 (n=20)

[ Allocation ]

N

A 4

Allocated (n=20)

A 4

Nivolumab 3 mg/kg Q2W
(n=10)

« Received allocated intervention (n=10)

Nivolumab 1 mg/kg + ipilimumab 3 mg/kg
Q3W for 4 doses, followed by
nivolumab 3 mg/kg Q2W
(n=10)

+ Received allocated intervention (n=10)

Nivolumab 3 mg/kg + ipilimumab 1 mg/kg
Q3W for 4 doses, followed by
nivolumab 3 mg/kg Q2W
(n=20)

» Received allocated intervention (n=20)

| [

Follow-Up ] l

Discontinued treatment (n=9)

Disease progression (n=9)

Discontinued treatment (n=10)

Disease progression (n=7)
Study drug toxicity (n=3)

Discontinued treatment (n=20)
Disease progression (n=12)
Patient decision (n=3)
Toxicity unrelated to study drug (n=2)
Death (n=1)2
Study drug toxicity (n=1)
Withdrawn consent (n=1)

[

Analysis ]

A4 \4

\4

Analyzed for safety and efficacy (n=10)>

| Analyzed for safety and efficacy (n=10) | | Analyzed for safety and efficacy (n=20)

Fig.1 Trial profile. 2Patient died due to a stroke 39 days after the last dose of study treatment. ®One patient did not have a measurable target lesion
at baseline and therefore was not evaluable for response; this patient was evaluable for PFS and 0S.

Treatment Exposure

The median (range) durations of nivolumab treatment in
the NIVO3, NIVO1+IPI3, and NIVO3+IPI1 treatment arms
were 2.3 (1.0-33.7), 2.2 (0.7-5.9), and 2.45 (0-24.0) months,
respectively (Supplementary Table S1). Among patients
receiving NIVO1+IPI3 and NIVO3+IPI1, the median (range)
durations of ipilimumab treatment were 1.15 (0.7-2.8) and
2.1 (0-3.0) months, respectively (SupplementaryTable S1).

Safety

The most common TRAEs in the NIVO3, NIVO1+IPI3, and
NIVO3+IPI11 treatment arms were fatigue, diarrhea, head-
ache, increased lipase, and nausea (Table 2). In addition

to headache, the only other neurological TRAE occur-
ring in >2 patients in any arm was dizziness. One patient
receiving NIVO3+IPI1 experienced treatment-related
vasogenic cerebral edema. No grade 3/4 TRAEs were
reported with NIVO3; however, grade 3/4 events were
reported in 9 (90%) and 6 (30%) patients in the NIVO1+IPI3
and NIVO3+IPI1 treatment groups, respectively, with the
most common being increased alanine aminotransferase
(ALT), increased aspartate aminotransferase (AST), colitis,
diarrhea, fatigue, and increased lipase. Treatment-related
serious AEs (TRSAEs) were reported in 20% (NIVO3), 70%
(NIVO1+IPI3), and 25% (NIVO3+IPI1) of patients (Table 2);
increased ALT, increased AST, colitis, diarrhea, hypothy-
roidism, and pneumonitis were the only TRSAEs that
occurred in >1 patient. No grade 5TRAEs or TRSAEs were
reported. AEs leading to discontinuation occurred in 1
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Table 1 Patient demographics and clinical characteristics

Characteristic NIVO1+IPI3 NIVO3+IPI1
(n=10) (n=20)

Age

Median, y (range) 58.5 (42-73) 57 (37-68) 60 (27-73)

<65, n (%) 6 (60) 7 (70) 17 (85)

>65 to <75, n (%) 4 (40) 3(30) 3(15)
Sex, n (%)

Male 5 (50) 6 (60) 14 (70)

Female 5 (50) 4 (40) 6 (30)
Race, n (%)

White 8 (80) 10 (100) 18 (90)

Black 2 (20) 0 0

Asian 0 0 1(5)

Other/unknown 0 0 1(5)
KPS, n (%)

90% 7 (70) 6 (60) 11 (55)

80% 1(10) 1(10) 5 (25)

70% 2 (20) 3(30) 4 (20)
Histopathologic diagnosis, n (%)

Glioblastoma 9(90) 10 (100) 20 (100)

Gliosarcoma 1(10) 0 0

MGMT promoter methylation status, n (%)

Methylated 2 (20) 2 (20) 7 (35)

Unmethylated 4 (40) 6 (60) 10 (50)

Not reported 4 (40) 2 (20) 3(15)
Steroid use, n (%)

Yes 2 (20) 4 (40) 6 (30)

No 8(80) 6 (60) 14 (70)
Median time from initial diagnosis to recurrent diagnosis, mo (range) 9.7 (3.7-48.9) 8.4 (5.1-23.0) 11.35 (4.9-32.9)
Patients with >1 measurable target lesion, n (%) 9(90) 10 (100) 20 (100)

Sum of reference diameters of target lesions, mm? (range) 903 (120-1664) 660 (273-1856) 607 (143-3552)
Patients with >2 lesions, n (%)? 4 (40) 1(10) 5(25)
Patients with evaluable PD-L1 expression, n (%)® 10 (100) 9 (90) 18 (90)
PD-L1 expression levels®
<1% 3(30) 4 (44) 5 (28)
21% 7 (70) 5 (56) 13(72)
>10% 4 (40) 1(11) 5 (28)

Abbreviations: MGMT, 06-methylguanine-DNA methyltransferase; NIVO3, nivolumab 3 mg/kg; NIVO1+IPI3, nivolumab 1 mg/kg + ipilimumab 3
mg/kg; NIVO3+IP11, nivolumab 3 mg/kg + ipilimumab 1 mg/kg; ; PD-L1, programmed death ligand 1. ?Includes target and nontarget lesions. °PD-L1
analyses were performed using archival (at initial diagnosis) or fresh (at recurrence) tissue. ‘Percentages are based on the number of patients with
evaluable PD-L1 expression.

patient (10%) receiving NIVO3, 3 patients (30%) receiving  and 7 in the NIVO3+IPI1 group died <100 days after their
NIVO1+IPI3, and 4 patients (20%) receiving NIVO3+IPI1, last dose of study drug. The primary cause of death was
with increased lipase and muscular weakness lead- disease progression (NIVO3, n = 8 [80%]; NIVO1+IPI3,
ing to treatment discontinuation in more than 1 patient  n =10 [100%]; NIVO3+IPI1, n =15 [75%]); 1 patient treated
(SupplementaryTable S2). with NIVO3 died due to unknown reasons and 2 patients

Nine, 10, and 17 patients died in the NIVO3, NIVO1+IPI3,  treated with NIVO3+IPI1 died due to stroke and acute hyp-
and NIVO3+IPI1 treatment groups, respectively; of these  oxic respiratory failure (1 each; both deemed unrelated to
patients, 2 in each of the NIVO3 and NIVO1+IPI3 groups  study drug).
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Table2 Treatment-related adverse events reported in at least 2 patients (any arm) and treatment-related serious adverse events?

Treatment-Related Adverse Events NIVO3 NIVO1+IPI3 NIVO3+IPI1
(n=10) (EN)] (n=20)

Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade
AnyTRAE, n (%) 9 (90) 0 10 (100) 9 (90) 20 (100) 6 (30)
TRAEs reported in >2 patients in any arm, n (%)

Neurological disorders

Headache 2 (20) 0 3(30) 0 4 (20) 0

Dizziness 1(10) 0 0 3(15) 1(5)
Gastrointestinal disorders

Diarrhea 1(10) 0 7 (70) 3(30) 6 (30) 1(5)

Nausea 3(30) 0 3(30) 0 3(15) 0

Vomiting 1(10) 0 4 (40) 0 3(15) 0

Colitis 0 0 2 (20) 2 (20) 1(5) 1(5)
General disorders and administration-site conditions

Fatigue 3(30) 0 8(80) 1(10) 11 (55) 3(15)

Asthenia 0 0 0 0 3(15) 0

Gait disturbance 2 (20) 0 0 0 1(5) 0

Pyrexia 0 0 1(10) 0 2 (10) 0
Investigations

Lipase increased 2 (20) 0 5 (50) 5 (50) 2 (10) 0

ALT increased 0 0 4 (40) 2 (20) 4 (20) 2 (10)

AST increased 0 0 5 (50) 1(10) 3(15) 2 (10)

Amylase increased 1(10) 0 3(30) 1(10) 1(5) 0

Platelet count decreased 0 0 0 0 3(15) 0

Lymphocyte count decreased 0 0 0 0 2 (10) 0
Skin and subcutaneous tissue disorders

Rash 2 (20) 0 1(10) 0 5 (25)

Pruritus 2 (20) 0 0 0 5 (25)

Maculopapular rash 0 0 4 (40) 0 0
Endocrine disorders

Hyperthyroidism 1(10) 0 3(30) 0 1(5)

Hypothyroidism 2 (20) 0 1(10) 0 1(5)
Blood and lymphatic system disorders

Anemia 0 0 0 0 2 (10) 0
Eye disorders

Optic nerve disorder 2 (20) 0 0 0 0 0
Metabolism and nutrition disorders

Appetite decreased 0 0 2 (20) 1(10) 1(5) 0
Psychiatric disorders

Confusional state 1(10) 0 2 (20) 1(10) 2 (10) 0
Respiratory, thoracic, and mediastinal disorders

Cough 0 0 1(10) 0 2 (10) 0
AnyTRSAE, n (%) 2 (20) 0 7 (70) 7 (70) 5 (25) 2 (10)

Neurological disorders
Headache 0 0 0 0 1(5) 0
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Table2 Continued

NIVO3
(n=10)

Treatment-Related Adverse Events

Any Grade

Gastrointestinal disorders

Colitis 0 0
Diarrhea 0 0
Pancreatitis 0 0
Vomiting 0 0
Investigations
ALT increased 0 0
AST increased 0 0
Lipase increased 0 0
Bilirubin increased 0 0
Metabolism and nutrition disorders
Appetite decreased 0 0
Diabetic ketoacidosis 0 0
Hyperglycemia 0 0
Hypocalcemia 0 0
Hypomagnesemia 0 0
Endocrine disorders
Hypothyroidism 1(10) 0
Autoimmune thyroiditis 0 0
Hyperthyroidism 0 0

General disorders and administration-site conditions

Chest pain 1(10) 0
Hepatobiliary disorders

Cholecystitis 0 0
Infections and infestations

Sepsis 0 0
Psychiatric disorders

Confusional state 0 0
Renal and urinary disorders

Acute kidney injury 0 0
Respiratory, thoracic, and mediastinal disorders

Pneumonitis 1(10) 0
Skin and subcutaneous tissue disorders

Dermatitis bullous 0 0

Grade 3/4

NIVO1+IPI3 NIVO3+IPI1
(GEN)] (n=20)
Any Grade Grade 3/4 Any Grade
2 (20) 2(20) 1(5) 1(5)
2 (20) 2 (20) 1(5) 1(5)
1(10) 1(10) 0 0
0 0 1(5) 0
2 (20) 2 (20) 1(5) 1(5)
1(10) 1(10) 1(5) 1(5)
1(10) 1(10) 0 0
1(10) 0 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
1(10) 0 0 0
1(10) 0 0 0
0 0 1(5) 0
1(10) 0 0 0
0 0 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
1(10) 1(10) 0 0
0 0 1(5) 0
1(10) 0 0 0

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; NIV03, nivolumab 3 mg/kg; NIVO1+IPI3, nivolumab 1 mg/kg +
ipilimumab 3 mg/kg; NIVO3+IPI1, nivolumab 3 mg/kg + ipilimumab 1 mg/kg; TRAE; treatment-related adverse event; TRSAE, treatment-related seri-
ous adverse event. “Adverse events were reported during treatment and for >100 days following study drug discontinuation and were evaluated
according to the CommonTerminology Criteria for Adverse Events v4.0. Adverse events were sorted based on the Medical Dictionary for Regulatory

Activities (MedDRA) groupings.

Exploratory Efficacy

Among response-evaluable patients treated with NIVO3
(n =9), NIVO1+IPI3 (n = 10), and NIVO3+IPI1 (n = 20), 3
patients (NIVO3, n = 1; NIVO3+IPI1, n = 2) achieved a
confirmed partial response per investigator assessment
according to RANO criteria; the objective response rates
in the NIVO3 and NIVO3+IPI1 treatment arms were 11%

(95% Cl, 0.3-48.2) and 10% (1.2-31.7), respectively (Table 3).
Each of the 3 patients with a partial response had a meth-
ylated MGMT promoter status and the times from their
initial diagnosis to first recurrence (ie, prior to study treat-
ment) were 4.7 (NIVO3), 8.9 (NIVO3+IPI1), and 13.7 months
(NIVO3+IPI1). Twelve patients were receiving steroids at
baseline (all <4 mg/day [dexamethasone equivalents]), of
whom 1 (8%; NIVO3+IPI1) achieved a partial response; 2 of
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Table 3 Investigator-assessed best overall response and objective
response rate
Response NIVO3 NIVO1+IPI3  NIVO3+IPI1
(n=29) (n=10) (n=20)
Best overall response, n (%)?
Complete response 0 0 0
Partial response 1(11) 0 2 (10)
Stable disease 4 (44) 3(30) 9 (45)
>12 wk 2(22) 2 (20) 4 (20)
Progressive disease 4 (44) 7 (70) 9 (45)
Objective response 1(11) 0 2 (10)
rate, n (%)°
95% ClI 0.3-48.2 0-30.8 1.2-31.7

Abbreviations: NIV03, nivolumab 3 mg/kg; NIVO1+IPI3, nivolumab
1 mg/kg + ipilimumab 3 mg/kg; NIVO3+IPI1, nivolumab 3 mg/kg + ipili-
mumab 1 mg/kg. ?Best overall response was assessed in response-

evaluable patients per RANO criteria.3’ “Rate of confirmed complete
and partial responses.

28 patients (7%; NIVO3 and NIVO3+IPI1, n = 1 each) who
were not receiving steroids at baseline responded to treat-
ment. Among all patients, stable disease for >12 weeks
was reported in 2 (22%), 2 (20%), and 4 (20%) patients
treated with NIVO3, NIVO1+IPI3, and NIVO3+IPI1, respect-
ively; in these patients, stable disease lasted from 12.2
to 124.3 weeks (NIVO3), 13.0 to 15.2 weeks (NIVO1+IPI3),
and 12.2 to 25.2 weeks (NIVO3+IPI1). Disease progression
occurred in 4 (44%), 7 (70%), and 9 (45%) patients treated
with NIVO3, NIVO1+IPI3, and NIVO3+IPI1, respectively.

The median PFS (95% Cl) among patients receiving
NIVO3, NIVO1+IPI3, and NIVO3+IPI1T was 1.9 (1.3-4.6),
1.5 (0.5-2.8), and 2.1 months (1.4-2.8), respectively
(Fig. 2A). Most patients (NIVO3, 90%; NIVO1+IPI3,
90%; NIVO3+IPI1, 75%) received subsequent therapy,
including surgery, radiotherapy, and/or systemic ther-
apy (Supplementary Table S3). Median (95% CI) OS
was 10.4 (4.1-22.8), 9.2 (3.9-12.7), and 7.3 (4.7-12.9)
months in patients treated with NIVO3, NIVO1+IPI3, and
NIVO3+IPI1, respectively (Fig. 2B). Five patients (NIVO3,
n =2; NIVO3+IPI1, n =3) survived >25 months, 3 of whom
were still alive at the time of data cutoff (Supplementary
Table S4). Of these long-term survivors, only 1 patient
had a prolonged time from initial diagnosis to recur-
rence, the MGMT promoter status was methylated in
3 patients (all received NIVO3+IPI1), unmethylated in 1
(NIVO3), and not reported in 1 (NIVO3), and none were
receiving steroids at baseline.

Tumor PD-L1 Expression

Tumor-cell PD-L1 expression was assessed as an explora-
tory endpoint using tissue collected at the time of initial
diagnosis in all patients except 1, for whom analyses were
performed using tissue collected at the time of recur-
rence. Using immunohistochemistry, PD-L1 was evaluable
in 37 of 40 patients overall (93%; Table 1). Among these
patients (NIVO3, n = 10; NIVO1+IPI3, n = 9; NIVO3+IPI1,

n =18), 25 (68%) had PD-L1 expression levels >1% and 10
(27%) had PD-L1 expression levels >10%.

Treatment Effects

In some cases, immune checkpoint inhibitor therapy
resulted in new areas of enhancement that were subse-
quently deemed not to be tumor outgrowth by central
neuropathological review.3* Two patients who received
NIVO3 and were initially identified as progressors were
subsequently determined to be experiencing treatment
effects instead of tumor outgrowth. One patient, a 67-year-
old woman with an initial diagnosis of a lesion in the right
temporal lobe, underwent gross total resection followed
by radiotherapy concurrent with temozolomide and expe-
rienced recurrence less than 1 year after diagnosis. An MRI
scan after 5 doses of NIVO3 (day 73) showed increased
contrast enhancement of the temporal lobe lesion and new
periventricular contrast enhancement relative to baseline
(Fig. 3A), suggestive of disease progression. Subsequent
histopathologic analysis of the resected tumor revealed
large aggregates of immune cells, and no viable tumor was
observed in the periventricular areas (Fig. 3B). Immune
infiltrates consisted of macrophages, T cells, and other
CD45+ cells, including CD45+ cell aggregates (Fig. 3C).
The patient later died (~11 mo after initiating nivolumab
therapy) of distant disease progression in the hippo-
campus and right hypothalamus.

Discussion

In this first article reporting on a prospective clinical trial
of immune checkpoint inhibitors in patients with GBM,
a population with a poor prognosis and few treatment
options, nivolumab monotherapy was better tolerated
than nivolumab in combination with ipilimumab and was
selected for the phase Ill cohort (cohort 2) of CheckMate
143. The study presented here also found that tumor-cell
PD-L1 expression was common in GBM tissue and there
was no association detected between baseline steroid use
and objective response with nivolumab + ipilimumab. In
addition, the neuropathological assessment suggests that
immune checkpoint inhibitors may enhance inflammatory
infiltrates in some patients with CNS tumors. However,
considering the limitations of an uncontrolled, retro-
spective, single-case analysis, it is unclear whether the
results in this case are due solely to treatment effects or
to the natural history and/or heterogeneity of the disease.

The AE profiles in patients receiving nivolumab or
nivolumab + ipilimumab were consistent with those
observed in other tumor types, with no new safety con-
cerns reported.’>'6.18-21.35Trgatment with nivolumab mono-
therapy was associated with lower toxicity than either
combination dose, similar to what was reported in mel-
anoma.323% |mportantly, concerns about treatment-limiting
neurotoxicity and encephalitis caused by increased inflam-
matory brain infiltrates were not realized.

The potential of GBM tumors to be immunogenic is
supported by the presence of infiltrating immune cells,
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including T cells, both before and during treatment
with immune checkpoint inhibitor regimens, including
nivolumab with or without ipilimumab. Evidence sug-
gests that patients with GBM who have pretreatment
immune activity within tumor sites may have a more
favorable response to immune checkpoint inhibition.3¢
However, the GBM microenvironment is also notable

for potent immunosuppression,® and most patients in
this study had detectable levels of PD-L1 on tumor cells.
PD-L1 expression within the tumor microenvironment
is known to promote accumulation of regulatory T cells
and other immunosuppressive cell types.>®® An associa-
tion between clinical activity and tumor PD-L1 expres-
sion was not observed; however, definitive conclusions
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Fig. 3 A patient case depicting immune-mediated effects of therapy is presented. (A) MRI scans from a 67-year-old patient treated with NIV0O3
who had suspected disease progression, with an increase in lesion size from 12 mm at baseline (left) to 40 mm at day 73 (right). MRI scans were
conducted using the same parameters for each scan. (B) Resected tumor at day 81 stained with hematoxylin and eosin indicating immune-medi-
ated changes in lesion size consistent with large aggregates of immune cells (right) and extensive tumor necrosis (left). Scale bar denotes 100 pm.
(C) Immunohistochemistry of resected tumor specimens depicts infiltrating immune cell aggregates, T cells, and macrophages. Scale bar denotes
50 um. #12-mm temporal lobe lesion; no corticosteroid treatment. 240-mm temporal lobe lesion; patient received concomitant methylprednisolone

16 mg/day.
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are precluded due to the small number of patients and
the dynamic nature of PD-L1 expression from the time
of initial diagnosis (when most samples used for PD-L1
analyses in this study were collected) to recurrence (time
of study enrollment).3* Further investigation into the
predictive value of PD-L1 expression, as well as other
biomarkers such as mutational burden and neoantigen
landscapes, is needed in patients with GBM.

Evaluation of efficacy per RANO criteria in this study
was exploratory and limited by the small sample sizes, the
multiple treatment schedules used, and the lack of a con-
trol treatment arm; the immunotherapy RANO (iRANO)
criteria were not endorsed until after the CheckMate 143
protocol was written and therefore not used in this study.
However, signals of antitumor activity were observed in
some patients, including in 3 patients treated with NIVO3
or NIVO3+IPI1 who achieved a partial response and ~20%
of patients in each treatment arm who had stable disease
for 212 weeks. Notably, 5 patients survived >25 months;
however, among the overall population, preliminary
median OS data with nivolumab (NIVO3, 10.4 months)
or nivolumab + ipilimumab (NIVO1+IPI3, 9.2 months;
NIVO3+IPI1, 7.3 months) appear consistent with those
historically observed with other therapies in recurrent
GBM.7-103%-42 |n the recently reported randomized phase
Il cohort 2 of CheckMate 143, which compared nivolumab
monotherapy with bevacizumab monotherapy in patients
with recurrent GBM, the primary endpoint of superior OS
with nivolumab was not met.*® Other immune checkpoint
inhibitors have also been evaluated in patients with GBM
or CNS tumors in small, single-center studies, including
a retrospective chart review of 22 patients with recurrent
CNS tumors (11 of which were GBM) who showed no clin-
ical or histopathologic efficacy with pembrolizumab (PD-1
inhibitor) monotherapy.** Taken together, these data sug-
gest that additional studies are needed to determine the
optimal disease setting, clinical characteristics, and bio-
markers that will identify patients who are most likely
to benefit from immunotherapies or immunotherapy-
containing regimens. Large phase lll studies are ongoing
(NCT02667587, NCT02617589) investigating nivolumab
in combination with radiotherapy + temozolomide in
patients with newly diagnosed GBM.

Currently available treatment options for patients
with recurrent GBM have demonstrated limited efficacy,
underscoring the high unmet need in this patient popu-
lation.”103%-42 Based on these results demonstrating the
safety and tolerability of nivolumab, with or without ipili-
mumab, and potential treatment-related immune activity
in the brain, clinical trials investigating nivolumab com-
bination regimens continue, with the goals of identifying
a population of patients who will benefit from these thera-
pies and informing the treatment paradigm for these diffi-
cult-to-treat patients.

Supplementary Material

Supplementary material is available at Neuro-Oncology
online.
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