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Abstract

Background. The phase 1 cohorts (1c+1d) of CheckMate 143 (NCT02017717) evaluated the safety/tolerability and
efficacy of nivolumab plus radiotherapy (RT) + temozolomide (TMZ) in newly diagnosed glioblastoma.

Methods. In total, 136 patients were enrolled. In part A (safety lead-in), 31 patients (n = 15, methylated/unknown
MGMT promoter; n= 16, unmethylated MGMT promoter) received nivolumab and RT+TMZ (NIVO+RT+TMZ) and 30
patients with unmethylated MGMT promoter received NIVO+RT. In part B (expansion), patients with unmethylated
MGMT promoter were randomized to NIVO+RT+TMZ (n = 29) or NIVO+RT (n = 30). Primary endpoint was safety/
tolerability; secondary endpoint was overall survival (OS).

Results. NIVO+RT+TMZwastolerable;grade 3/4treatment-related adverse eventsoccurredin’51.6% (NIVO+RT+TMZ)
and 30.0% (NIVO+RT) of patients in part A and 46.4% (NIVO+RT+TMZ) and 28.6% (NIVO+RT) in part B. No new
safety signals were detected. In part A, median OS (mOS) with NIVO+RT+TMZ was 33.38 months (95% ClI, 16.2 to
not estimable) in patients with methylated MGMT promoter. In patients with unmethylated MGMT promoter, mOS
was 16.49 months (12.94-22.08) with NIVO+RT+TMZ and 14.41 months (12.55-17.31) with NIVO+RT. In part B, mOS
was 14.75 months (10.01-18.6) with NIVO+RT+TMZ and 13.96 months (10.81-18.14) with NIVO+RT in patients with
unmethylated MGMT promoter.

Conclusions. CheckMate 143 was the first trial evaluating immune checkpoint inhibition with first-line treat-
ment of glioblastoma. Results showed that NIVO can be safely combined with RTxTMZ, with no new safety
signals. Toxicities, including lymphopenia, were more frequent with NIVO+RT+TMZ. OS was similar with or
without TMZ in patients with unmethylated MGMT promoter, and differences by MGMT methylation status
were observed.
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Key Points

e Nivolumab can be safely combined with RT+TMZ in patients with newly diagnosed

GBM.

e OS was similar with or withoutTMZ in patients with unmethylated MGMT

promoter.

e Differences in OS by MGMT promoter methylation status were observed.

Importance of the Study

Glioblastomas generate an immunosuppres-
sive environment that allows for escape from
immune system surveillance. Immune check-
point inhibitors have provided clinical benefit
in multiple malignancies, and programmed
cell death 1 ligand 1 (PD-L1) expression is
high in glioblastoma, providing the rationale
for exploring anti-programmed cell death 1
(PD-1) therapies in this disease. We report
the first study investigating immune check-
point inhibition in newly diagnosed glioblas-
toma. Results demonstrated that nivolumab
can be safely combined with radiotherapy +

Glioblastoma, the most common malignant primary brain
tumor in adults, is associated with a poor prognosis, with
5-year survival rates of 5-10%."* Patients with newly diag-
nosed disease are most commonly treated with surgical
resection followed by radiotherapy (RT) with concomitant
and adjuvant temozolomide (TMZ), with or without tumor
treating fields.>7 However, nearly all patients experience
relapse after completion of therapy, and salvage therapies
such as TMZ, bevacizumab, lomustine, and tumor-treating
fields have limited efficacy in the setting of recurrent dis-
ease.>®® New and more active agents that improve clinical
outcomes and quality of life are therefore urgently needed.

Chemosensitivity to TMZ has been linked to epigenetic
silencing of the DNA repair enzyme Of-methylguanine-
DNA methyltransferase (MGMT) via promoter methyla-
tion."%'2 Patients with tumor MGMT promoter methylation
experience a better prognosis with RT + TMZ than those
with an unmethylated MGMT promoter.”134 Due to the
lack of treatment alternatives, TMZ is offered to all patients,
including those with an unmethylated MGMT promoter,*¢7
although reassessment of the role of TMZ in that popula-
tion remains of interest.’®

Increasing evidence suggests that immune cells can
enter the CNS and function within the tumor microenviron-
ment (TME)."® In glioblastoma, tumor-infiltrating lympho-
cytes contain a high percentage of exhausted T cells
overexpressing immune checkpoint receptors.'” Inhibition
of these exhaustedT cells may affect the glioblastomaTME
and complement the effects of RT by amplifying tumor-
specificimmune responses to cell death and tumor antigen

temozolomide, with no new safety signals
identified. Toxicities, including lymphopenia,
were more frequent with nivolumab + radio-
therapy + temozolomide than nivolumab + ra-
diotherapy. Survival results reflected MGMT
promoter methylation status, and although
these results seemed superior to historical
controls, subsequent studies have not shown
a survival advantage with nivolumab. The re-
gimens developed in this study are being
further investigated in several ongoing or
planned trials exploring novel immunother-
apies in glioblastoma.

release.’®' Programmed cell death 1 ligand 1 (PD-L1) is
expressed in primary glioblastoma, and expression levels
correlate with glioma grade and clinical outcomes.'6202 |n
murine glioblastoma models, checkpoint pathway inhibi-
tion with either single-agent anti-programmed cell death
1 (PD-1), anti-PD-L1, or anti-cytotoxic T-lymphocyte protein
4 (CTLA-4) therapy resulted in long-term tumor-free sur-
vival.?223 Moreover, in murine glioma models, combina-
tion of a PD-1 inhibitor with RT improved overall survival
(OS) vs either treatment alone.?® Additionally, anti-PD-1
treatment demonstrated local immunomodulatory effects
characterized by enhanced expression of cytokine tran-
scripts, higher immune-cell infiltration, and augmented
T-cell receptor clonal diversity among tumor-infiltrating
T lymphocytes when administered in a neoadjuvant set-
ting, prior to surgery for recurrent tumors.?* Collectively,
these findings suggest that immunotherapy may poten-
tiate antitumor response in glioblastoma and support the
rationale for combination with standard-of-care RT+TMZ.

Nivolumab, a fully human immunoglobulin G4 mono-
clonal antibody targeting the PD-1 receptor, is approved as
a single agent or in combination with ipilimumab for the
treatment of multiple advanced cancers, having shown im-
proved survival or clinical benefit over prior standard-of-
care therapies.?®

CheckMate 143 is a multicohort trial designed to establish
the safety of nivolumab in both newly diagnosed and recur-
rent glioblastoma in multiple phase 1 cohorts and to com-
pare the safety and efficacy of nivolumab vs bevacizumab
in patients with first recurrence of glioblastoma in a phase
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3 cohort. Results from the recurrent disease cohorts have
been previously reported.?6?” Here we report results from
cohorts 1c and 1d, which are the first prospective phase 1
studies evaluating the safety and feasibility of combining
nivolumab with standard-of-care, first-line RT with TMZ
(NIVO+RT+TMZ) or without TMZ (NIVO+RT) in patients
with newly diagnosed glioblastoma.

Methods
Patients

Eligible patients had newly diagnosed, histologically con-
firmed WHO grade IV malignant glioma (glioblastoma or
gliosarcoma); had undergone at least a subtotal resection;
and had not received previous treatment with TMZ, RT, or
PD-1- and CTLA-4-targeted therapies. Patients had to be
>18 years of age, have a Karnofsky performance status of
>70, and be eligible to receive first-line standard-of-care
treatment (surgery and RT+TMZ followed by maintenance
TMZ). Topical, ocular, intra-articular, intranasal, and in-
haled corticosteroids (with minimal systemic absorption)
were permitted; systemic corticosteroid use or physiolog-
ical replacement doses of steroids were permitted, even if
>10-mg/day prednisone equivalents, for treatment-related
adverse events (TRAEs), sequelae of underlying glioblas-
toma treatment, or treatment of non-autoimmune condi-
tions. Corticosteroid dose documentation was required
within 14 days prior to randomization. Patients requiring
escalating or chronic supraphysiological doses of cortico-
steroids for control of disease at randomization were ex-
cluded. Additional exclusion criteria encompassed the
following: recurrent or secondary glioblastoma (glioblast-
omas that progressed from low-grade diffuse astrocytoma
or anaplastic astrocytoma); metastatic extracranial or

Newly diagnosed glioblastoma?

Cohort 1c: meth/unk or

leptomeningeal disease; active, known, or suspected auto-
immune disease; and prior treatment with RT, carmustine
wafer, chemotherapy, or investigational agent for glioblas-
toma. Patients with a historical report of an isocitrate dehy-
drogenase mutation were not included in this study.

Study Design and Treatment

This report describes results (data cutoff: August 8,
2019) from the safety lead-in and expansion phases
of the exploratory phase 1 cohorts of CheckMate 143
(NCT02017717), 1c and 1d.This study evaluated the safety
and tolerability of nivolumab in combination with RT with
or without TMZ in patients with newly diagnosed glioblas-
toma (Figure 1).

Patients were enrolled into cohorts 1c and 1d within 2
study parts: safety lead-in (part A) and randomized expan-
sion (part B). In part A, patients were eligible for cohort 1c
regardless of MGMT promoter methylation status (meth-
ylated, unknown, or unmethylated) and only patients
with unmethylated MGMT promoter were enrolled in co-
hort 1d. During expansion in part B, only patients with
unmethylated MGMT promoter were randomized 1:1 to
cohort 1c or 1d.

Patients enrolled in each cohort received nivolumab
after full recovery from surgical resection, as defined by
no ongoing safety issues and >14 days from surgery and
>7 days prior to first dose of RT. RT should have been
initiated within 35 days of surgery. Nivolumab was then
continued in combination with RT+TMZ (cohort 1c) or RT
(cohort 1d). In cohort 1c, patients received nivolumab
3 mg/kg every 2 weeks with RT (60 Gy; 2-Gy fractions
5 days/week for <7 weeks) and TMZ (75 mg/m? once
daily during RT followed by a 4-week treatment break
and then 150 mg/m? [first cycle] followed by 200 mg/m?
[second cycle+] once daily on days 1-5 of every 28-day

unmeth MGMT promoter Nivolumab 3 mg/kg Q2W Tréeatr:ent :n(:?l:
. ¢ Confirmed disease
Part A (nonrandomized) Standard RT (60 Gy)? Adjuvant TMZ progression
* Any methylation status + concurrent TMZ (150200 mg/m2 5/28 d ¢ Unacceptable
Part B (randomized to 1c/1d) (75 mg/m2 daily) for 26 cycles) toxicity

* Unmeth MGMT promoter
Weeks

Cohort 1d: unmeth
MGMT promoter

Part A (nonrandomized)
* Unmeth MGMT promoter

Part B (randomized to 1c/1d)
¢ Unmeth MGMT promoter

Figure 1.

* Discontinuation due
to other reason

Follow-up:

» Safety for 2100 days

* Progression

 Survival every
3 months

Study design. Abbreviations: 5/28 d, days 1-5 of every 28-day cycle; meth, methylated; MGMT, 0f-methylguanine-DNA methyltransferase;

Q2W, every 2 weeks; RT, radiotherapy; TMZ, temozolomide; unk, unknown; unmeth, unmethylated. @Patients in both cohorts had surgical resection
prior to starting study treatment. “Standard RT (60 Gy; 2-Gy fractions 5 days per week for <7 weeks) was administered starting >7 days after the first

dose of nivolumab.




Omuro et al. Nivolumab + RT + TMZ in newly diagnosed GBM

cycle for >6 cycles; NIVO+RT+TMZ). Additional cycles of
TMZ were allowed if clinically warranted. In cohort 1d, no
TMZ was administered, and patients received nivolumab
3 mg/kg every 2 weeks plus RT (60 Gy; 2-Gy fractions
5 days/week for <7 weeks; NIVO+RT). Patients continued
receiving nivolumab after RT until unacceptable toxicity
or disease progression (Figure 1). Nivolumab treatment
could be continued beyond suspected progression until
confirmation of progression by follow-up MRI if the in-
vestigator determined clinical benefit and tolerance of
study drug.

In part A, the safety and tolerability of the treatment in
each cohort were evaluated after the first 10 patients in each
cohort completed 4 doses of nivolumab or discontinued
dosing before completing 4 doses of nivolumab. Upon
meeting the safety and tolerability criteria, <20 additional
patients were enrolled to each cohort. The sample size of
the safety lead-in was chosen with the goal of providing an
adequate estimate of safety before exposing more patients
to treatment. Part B was initiated after completion of part
A. Inclusion criteria for part B were prespecified and not
based on preliminary evidence from part A.

Assessments

Tumor samples were assessed for MGMT promoter meth-
ylation status using a centralized methylation-specific pol-
ymerase chain reaction assay. A sample was determined to
be MGMT methylated when the ratio of the gene copy num-
bers of MGMT to control (f-actin) x 1000 was >2 and the
gene copy numbers of MGMT and control were within the
reportable range (B-actin >10 copies and MGMT >10 copies).

AEs were assessed continually during the study per NCI
CommonTerminology Criteria for Adverse Events (CTCAE)
version 4.0.22 TRAEs were determined by the investigator
as related to study treatment. Serious AEs were defined as
any events that, at any dose, resulted in death, were con-
sidered life threatening, required or prolonged inpatient
hospitalization, resulted in persistent or significant disa-
bility/incapacity, were congenital anomaly/birth defects, or
were important medical events. AEs leading to discontinu-
ation were determined by the investigator.

Tumor assessments were performed by investigators
using contrast-enhanced MRI at baseline (postsurgery; as
close as possible to first dose of study drug, but no longer
than 21 days before), 4 weeks after completion of RT, and
then every 8 weeks thereafter per Response Assessment in
Neuro-Oncology (RANO) criteria.?® Survival was assessed
every 3 months during the follow-up phase.

Outcomes

The primary endpoint was safety and tolerability, and the
secondary endpoint was OS, defined as time from date
of first dose to date of death from any cause. Exploratory
objectives included progression-free survival (PFS) as
assessed by the investigator (investigator-reported re-
sponse based on RANO criteria), defined as time from
date of first dose to documented progression or death
from any cause. Because corticosteroids suppress the im-
mune response,®® additional ad hoc subanalyses of OS

based on whether patients received baseline corticoster-
oids were performed.

Statistical Analysis

The primary endpoint of safety and tolerability was ana-
lyzed based on AEs and laboratory parameters that were
graded per CTCAE version 4.0 and summarized using de-
scriptive statistics. OS and PFS curves and medians were
estimated using Kaplan-Meier methodology and reported
with 95% Cls.

Study Oversight

The study was conducted in accordance with Good Clinical
Practice guidelines per the International Council for
Harmonization and with ethical principles of the European
Union Directive and US Code of Federal Regulations and
registered at ClinicalTrials.gov (NCT02017717). The pro-
tocol was approved by an institutional review board or
independent ethics committee at each site before study ac-
tivation. All patients provided written informed consent in
accordance with the Declaration of Helsinki.

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
Patients and Treatment

From May 2015 through September 2016, 136 patients
were enrolled and 117 were treated. In part A, 31 patients
(15 with methylated [n = 12] or unknown [n = 3] MGMT
promoter and 16 with unmethylated MGMT promoter) re-
ceived NIVO+RT+TMZ, and 30 patients with unmethylated
MGMT promoter received NIVO+RT. In part B, an additional
59 patients with unmethylated MGMT promoter were ran-
domized 1:1 to NIVO+RT+TMZ (n = 29) or NIVO+RT (n = 30);
28 patients received each treatment (Supplementary
Figure S1).

There were no major imbalances in baseline character-
istics between study parts and cohorts. All patients had a
histopathologic diagnosis of glioblastoma, with the ex-
ception of 1 patient with gliosarcoma, and approximately
30% to 45% of patients received corticosteroids at baseline
(Table 1).

At data cutoff (August 8, 2019), most patients had dis-
continued treatment (part A: NIVO+RT+TMZ, 90.3% [meth-
ylated/unknown MGMT promoter, 86.7%; unmethylated
MGMT promoter, 93.8%]; NIVO+RT unmethylated MGMT
promoter, 100%; part B: NIVO+RT+TMZ, 96.4%; NIVO+RT,
100%). The most common reasons were disease pro-
gression, treatment-related toxicity, and patient decision
(Supplementary Figure S2).


http://academic.oup.com/noa/article-lookup/doi/10.1093/noajnl/vdac025#supplementary-data
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The minimum duration of follow-up for OS in patients
in this study was 33.1 months. Durations of treatments are
summarized in SupplementaryTable S1.

Safety

The rates of any AEs, neurological AEs, serious AEs, and AEs
leading to discontinuation are displayed in Supplementary
Table S2. Overall, 93.5% (29/31) of NIVO+RT+TMZ-treated
and 83.3% (25/30) of NIVO+RT-treated patients experienced
TRAEs in part A, with 51.6% (16/31) and 30.0% (9/30) of pa-
tients, respectively, experiencing grade 3/4TRAEs. Among
NIVO+RT+TMZ-treated patients with methylated/unknown
and unmethylated MGMT promoter, the rates of grade 3/4
AEs were 46.7% (7/15) and 56.3% (9/16), respectively. In
part B, 85.7% (24/28) of NIVO+RT+TMZ-treated and 71.4%
(20/28) of NIVO+RT-treated patients experienced TRAEs,
with 46.4% (13/28) and 28.6% (8/28) of patients, respec-
tively, experiencing grade 3/4TRAEs (Table 2). Neurological
TRAEs were reported in 38.7% (12/31) of all NIVO+RT+TMZ-
treated and 26.7% (8/30) of all NIVO+RT-treated patients
in part A and 25.0% (7/28) and 28.6% (8/28), respectively,
in part B. In addition to headache, neurological TRAEs
occurring in >2 patients in any cohort were seizure and diz-
ziness (n = 2/31 each) with NIVO+RT+TMZ in part A and sei-
zure and hemiparesis (n = 2/28 each) with NIVO+RT in part
B. Additional neurological TRAEs occurring in more than
1 cohort were aphasia (part A: NIVO+RT+TMZ [n = 1] and
NIVO+RT [n = 1]; part B: NIVO+RT+TMZ [n = 1]), dysgeusia
(part A: NIVO+RT [n = 1]; part B: NIVO+RT+TMZ [n = 1]),
and parosmia (part A: NIVO+RT [n = 1]; part B: NIVO+RT
[n=1]). In part A, 87.1% (27/31) of NIVO+RT+TMZ-treated
patients and 73.3% (22/30) of NIVO+RT-treated patients ex-
perienced lymphopenia, as assessed by laboratory values.
Grade 3/4 events were reported in 41.9% (13/31) and 13.3%
(4/30) of patients, respectively. Among NIVO+RT+TMZ-
treated patients, grade 3/4 lymphopenia was reported in
40% (6/15) of patients with methylated/unknown MGMT
promoter and 43.8% (7/16) of patients with unmethylated
MGMT promoter. In part B, most NIVO+RT+TMZ-treated
(88.8% [24/28]) and NIVO+RT-treated (59.3% [16/28]) pa-
tients had lymphopenia. Among these patients, grade
3/4 lymphopenia was observed in 48.1% (13/27) of those
treated with NIVO+RT+TMZ and 18.5% (5/27) of those
treated with NIVO+RT (Table 2). The majority of immune-
mediated AEs were of low-grade severity (Table 3).

Serious TRAEs were reported in 35.5% (11/31) of all
NIVO+RT+TMZ-treated and 20.0% (6/30) of all NIVO+RT-
treated patients in part A of the study, with grade 3/4
events reported in 9 of 31 NIVO+RT+TMZ-treated and 4
of 30 NIVO+RT-treated patients. Among NIVO+RT+TMZ-
treated patients, 40.0% (6/15) of those with methylated/
unknown MGMT promoter and 31.3% (5/16) of those
with unmethylated MGMT promoter experienced serious
TRAEs; most were grade 3/4. Serious TRAEs in >2 pa-
tients receiving NIVO+RT+TMZ or NIVO+RT in part A in-
cluded pyrexia, increased alanine aminotransferase (ALT),
pneumonia, and tumor flare. In part B, serious TRAEs, in-
cluding tumor flare (10.7%), were reported in 28.6% (8/28)
of patients treated with NIVO+RT+TMZ. Serious TRAEs, in-
cluding pyrexia (3.6%), increased ALT (3.6%), and tumor
flare (7.1%), were reported in 17.9% (5/28) of patients

treated with NIVO+RT. One serious TRAE of sudden death
was reported with NIVO+RT+TMZ in part B (Table 2).

TRAEs led to discontinuation in 4 of 31 NIVO+RT+TMZ-
treated patients (12.9%) (methylated/unknown MGMT
promoter, 2/15; unmethylated MGMT promoter, 2/16) and
5 of 30 NIVO+RT-treated patients (16.7%) in part A; 2 pa-
tients treated with NIVO+RT discontinued due to tumor
flare. In part B, 5 of 28 NIVO+RT+TMZ-treated patients
(179%) and 4 of 28 NIVO+RT-treated patients (14.3%) dis-
continued treatment due to TRAEs (see Supplementary
Table S3). At the time of analysis, 53 of 61 patients had
died in part A (NIVO+RT+TMZ: n = 23/31 [methylated/un-
known MGMT promoter, n = 9/15; unmethylated MGMT
promoter, n = 14/16]; NIVO+RT: unmethylated MGMT pro-
moter, n = 30/30) and 51 of 56 patients had died in part B
(NIVO+RT+TMZ: n = 24/28; NIVO+RT: n = 27/28); none of the
deaths were related to treatment.

Survival

Overall survival.—In part A, median OS (mOS) with
NIVO+RT+TMZ was 22.08 months (95% CI, 16.13-
32.39 months). Among NIVO+RT+TMZ-treated patients,
mOS was 33.38 months (95% Cl, 16.20 months-not esti-
mable) in patients with methylated/unknown MGMT pro-
moter and 16.49 months (95% Cl, 12.94-22.08 months)
in patients with unmethylated MGMT promoter. With
NIVO+RT, mOS was 14.41 months (95% Cl, 12.55-
17.31 months) in patients with unmethylated MGMT pro-
moter. In part B, mOS was similar with NIVO+RT+TMZ and
NIVO+RT (14.75 months [95% CI, 10.02-18.60 months] and
13.96 months [95% CI, 10.81-18.14 months]) in patients
with unmethylated MGMT promoter (Figure 2).

OS in prespecified subgroups of patients based
on baseline corticosteroid use (with vs without) was
also evaluated (see Supplementary Figure S2 and
SupplementaryTable S4).

Progression-free survival.—In part A, median PFS (mPFS)
was 10.18 months (95% CI, 6.51-19.29 months) with
NIVO+RT+TMZ. Among NIVO+RT+TMZ-treated patients,
mPFS was 15.47 months (95% Cl, 710 months-not esti-
mable) in patients with methylated/unknown MGMT pro-
moter and 6.47 months (95% CI, 4.14-10.18 months) in
patients with unmethylated MGMT promoter. mPFS was
5.59 months (95% Cl, 4.63-6.67 months) with NIVO+RT
in patients with unmethylated MGMT promoter. In part
B, mPFS was similar with NIVO+RT+TMZ and NIVO+RT
(6.47 months [95% Cl, 5.49-8.31 months] and 6.01 months
[95% Cl, 4.96-7.89 months], respectively) (Figure 3).

Discussion

CheckMate 143 is the first phase 1 prospective clinical trial
investigating immunotherapy with an immune checkpoint
inhibitor added to RT both with and without chemotherapy
in newly diagnosed glioblastoma. Across the lead-in and
expansion cohorts (1c and 1d) of CheckMate 143, a total
of 136 patients were enrolled and 117 were treated. The
rapid accrual observed in this study underscored the
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Figure 2. Kaplan-Meier estimates of 0S, with insets demonstrating the number of events and median overall survival. (A) 0S in cohort 1c

(nivolumab + RT + TMZ, methylated/unknown or unmethylated MGMT promoter) and cohort 1d (nivolumab + RT, unmethylated MGMT promoter)

in part A and in cohort 1c (nivolumab + RT + TMZ, unmethylated MG

MT promoter) and cohort 1d (nivolumab + RT, unmethylated MGMT pro-

moter) in part B. (B) 0S in cohort 1c in part A (nivolumab + RT + TMZ, methylated/unknown MGMT promoter; nivolumab + RT + TMZ, unmethylated
MGMT promoter). Symbols indicate censored observations. Abbreviations: meth, methylated; MGMT, 08-methylguanine-DNA methyltransferase;
NE, not estimable; 0S, overall survival; RT, radiotherapy; TMZ temozolomide; unk, unknown; unmeth, unmethylated.

urgent unmet need for alternatives to TMZ-free treatment
options in unmethylated MGMT glioblastoma. The safety
profile of nivolumab was consistent with that previously
reported in recurrent glioblastoma,?” with no unexpected
neurological TRAEs. Additionally, TMZ in combination with
nivolumab and RT did not lead to significant additional

safety events, other than those known to occur with each
drug alone; the increased toxicity rates with NIVO+RT+TMZ
vs NIVO+RT mostly reflected the toxicities due to addi-
tion of TMZ. In part B, lymphopenia was more frequent
with NIVO+RT+TMZ than with NIVO+RT, with grade 3/4
lymphopenia observed in 48.1% of NIVO+RT+TMZ-treated
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Figure 3. Kaplan-Meier estimates of PFS, with insets demonstrating the number of events and median PFS. (A) PFS in cohort 1c (nivolumab + RT
+ TMZ, methylated/unknown or unmethylated MGMT promoter) and cohort 1d (nivolumab + RT, unmethylated MGMT promoter) in part A and in
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PFSin cohort 1c in part A (nivolumab + RT + TMZ, methylated/unknown MGMT promoter; nivolumab + RT + TMZ, unmethylated MGMT promoter).
Symbols indicate censored observations. Abbreviations: meth, methylated; MGMT, 0¢-methylguanine-DNA methyltransferase; NE, not estimable;

PFS, progression-free survival; RT, radiotherapy; TMZ, temozolomide; unk, unknown; unmeth, unmethylated.

patients vs 18.5% of NIVO+RT-treated patients. Grade 3/4 Our data add to the growing body of studies seeking to
lymphopenia was also reported in 41.9% of NIVO+RT+TMZ-  define a potential role for immune checkpoint inhibitors in
treated patients vs 13.3% of NIVO+RT-treated patients in  glioblastoma. Since the completion of this analysis, results
part A, which indicates that TMZ is an important factor in  in the first-line treatment setting for glioblastoma, both with
determining the chronic lymphopenia observed in patients  and without MGMT promoter methylation, have been disap-
with glioblastoma. pointing.?83132 Some studies have suggested that immune
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checkpoint inhibitors may affect the TME of glioblast-
omas.?43334 A small randomized phase 2 study suggested
that the addition of neoadjuvant pembrolizumab prior to
salvage surgery followed by continued adjuvant therapy
may prolong survival.?* However, the randomized phase 3
portion of CheckMate 143, which compared nivolumab with
bevacizumab in patients with recurrent glioblastoma, did
not meet its primary endpoint of 0S.?6 Post hoc analyses
suggested longer OS and PFS in patients with methylated
MGMT promoter than in those with unmethylated MGMT
promoter in both treatment groups; however, no cortico-
steroid use at baseline was associated with longer mOS
only with nivolumab.?® In this study, an exploratory ad hoc
subanalysis of OS in patients with no corticosteroid use
at baseline was performed; however, due to small patient
numbers, no definitive conclusions could be drawn.

More recently, nivolumab was evaluated in 2 phase 3
trials in newly diagnosed glioblastoma. CheckMate 498
(NCT02617589) evaluated NIVO+RT vs RT+TMZ in patients
with unmethylated MGMT promoter, and CheckMate 548
(NCT02667587) evaluated nivolumab added to RT+TMZ in
patients with methylated MGMT promoter. Those studies
were designed and launched before these survival data for
CheckMate 143 became available to rapidly address the
high unmet medical need in these patients and based on
the history of favorable outcomes of nivolumab in PD-L1-
expressing tumors at that time. The respective rationale
for those studies included TMZ's association with limited
efficacy in patients with unmethylated MGMT promoter
(CheckMate 498) and the potential for enhanced benefit via
the addition of immunotherapy to chemoradiation in pa-
tients with methylated MGMT promoter (CheckMate 548).
Findings from those studies have been released; however,
neither of those studies achieved their primary endpoints
of improved survival outcomes.3"32

Taken together, these results suggest that the prolonged
survival observed in our study in comparison to histor-
ical controls likely reflects changes in the contemporary
management of glioblastoma and that further studies are
needed to understand the biological effects of anti-PD-1
therapy in this disease, if any. A limitation of our study is
that tumor and blood specimens are not available for fur-
ther characterization of biomarkers or pharmacodynamic
effects of treatment. In addition, the requirement for at
least a subtotal tumor resection potentially allowed for the
selection of a cohort of patients with a slightly better prog-
nosis than all comers and was taken into consideration in
the design of subsequent trials.

In conclusion, our results show that nivolumab can be
safely combined with RT with and without TMZ, with no
new safety signals observed.Treatment with NIVO+RT+TMZ
was associated with more frequent toxicities and higher
rates of lymphopenia compared with NIVO+RT. Although
recent results have been unfavorable, the combination of
RT with anti-PD-1 therapy with and withoutTMZ pioneered
in this study is now being investigated in several ongoing
or planned trials exploring novel immunotherapies to
overcome immunosuppression and improve the efficacy
of first-line therapy for glioblastoma. Additional transla-
tional analyses from phase 3 studies (CheckMate 498 and
CheckMate 548) may help to elucidate whether nivolumab
has a role in glioblastoma.
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