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JASPER: Phase 2 Trial of First-Line Niraparib Plus
Pembrolizumab in Patients With Advanced Non-Small Cell
Lung Cancer

Suresh S. Ramalingam, MD, FACP, FASCO T Eddie Thara, DO? Mark M. Awad, MD, PhD?; Afshin Dowlati, MD%;
Basir Haque, MD®; Thomas E. Stinchcombe, MD 6 Grace K. Dy, MD’; David R. Spigel, MD®; Sharon Lu, PhD;
Nithya lyer Singh, Ms®; Yonggiang Tang, PhD?; Iryna Teslenko, MD?; and Nicholas lannotti, MD'®

Background: Poly(ADP-ribose) polymerase (PARP) inhibitors may synergize with programmed cell death receptor-1 (PD-1) inhibitors to
enhance adaptive and innate antitumor immune responses. In the phase 2 JASPER study (NCT04475939), the PARP inhibitor niraparib
was evaluated in combination with the PD-1 inhibitor pembrolizumab in patients with metastatic and/or locally advanced non-small cell
lung cancer (NSCLC). Methods: Patients whose tumors had programmmed cell death ligand 1 (PD-L1) tumor proportion scores (TPS)
>50% (cohort 1) or 1%-49% (cohort 2) received first-line niraparib (200 mg once daily) plus pembrolizumab (200 mg every 3 weeks). The
primary end point was investigator-assessed objective response rate (ORR). Secondary end points included duration of response (DoR),
progression-free survival (PFS), overall survival (OS), safety, and pharmacokinetics. Results: Thirty-eight patients were enrolled in co-
horts 1and 2. In cohort 1, ORR (95% confidence interval [CI]) was 56.3% (9 of 16 patients; 29.9%-80.2%); 2 of 16 patients had complete re-
sponses and 7 of 16 had partial responses (PRs). In cohort 2, ORR was 20.0% (5.7%-43.7%) with 4 of 20 PRs. In cohorts 1and 2, the median
DoR was 19.7 months (95% Cl, 4.2 months to not estimable [NE]) and 9.4 months (95% ClI, 4.2 months to NE), the median PFS was 8.4
months (95% ClI, 3.9-22.1 months) and 4.2 months (95% Cl, 2.0-6.2 months), and the median OS was NE (95% CI, 6.0 months to NE) and
7.7 months (95% Cl, 4.0-12.5 months), respectively. Grade >3 treatment-emergent adverse events occurred in 88.2% and 85.7% of patients
in cohorts 1 and 2, respectively. Safety was consistent with known profiles of single-agent niraparib and pembrolizumab. Conclusions:
Niraparib plus pembrolizumab showed clinical activity in patients with advanced and/or metastatic NSCLC. Cancer 2022;128:65-74.
© 2021 The Authors. Cancer published by Wiley Periodicals LLC on behalf of American Cancer Society. This is an open access article under
the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

Lay Summary:

¢ The JASPER clinical trial studied a new combination treatment for advanced or metastatic non-small cell lung cancer (NSCLC).

¢ Pembrolizumab, a drug approved for NSCLC, was given with niraparib.

* Previous research showed that these 2 drugs together might work better than either drug alone.

* This study found that more than half of patients with high levels of a tumor marker responded to the combination, and one-fifth of
patients with lower levels of the marker responded.

¢ The types of side effects from the combination were similar to side effects from both drugs alone.

¢ These results support more research on this combination.

KEYWORDS: clinical study, combination drug therapy, lung neoplasms, niraparib, non-small cell lung carcinoma, pembrolizumab,
poly(ADP-ribose) polymerase inhibitors.

INTRODUCTION

The programmed cell death receptor 1 (PD-1) pathway has emerged as a therapeutic target in advanced non—small cell lung
cancer (NSCLC), with several PD-1 or programmed cell death ligand 1 (PD-L1) inhibitors approved for the treatment of
NSCLC."* Pembrolizumab is a PD-1 inhibitor approved as a single agent for the treatment of patients with advanced or
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metastatic NSCLC and a PD-L1 tumor proportion score
(TPS) >1% in first-line therapy or following progression
on platinum-based chemotherapy and as first-line treat-
ment in combination with chemotherapy with or without
pemetrexed for metastatic NSCLC.”> However, responses
to first-line PD-(L)1 inhibitor monotherapy are seen in
only a subset of patients, with objective response rates
(ORRs) ranging from 22% to 27% in patients with PD-L1
TPS >1% or >5%."%® Furthermore, many patients who
initially respond to PD-(L)1 inhibitors ultimately relapse
and become resistant to these therapies.” The combination
of pembrolizumab with pemetrexed and/or chemotherapy
is also associated with substantial toxicity, indicating a sig-
nificant unmet need for patients with PD-L1 TPS >1%.*’
Poly(ADP-ribose) polymerases (PARPs) are a fam-
ily of proteins involved in DNA repair, genomic stability,
and apoptosis. Inhibition of PARP prevents single-strand
DNA break repair and, in the presence of mutations in
DNA repair genes or homologous recombination defi-
ciency (HRd), leads to cancer cell death.'® HRd cancers
are particularly sensitive to certain PARP inhibitors, such
as niraparib, although efficacy has also been observed with
niraparib in patients with homologous recombination
proficient tumors.'"'* Data from The Cancer Genome
Atlas show that squamous cell carcinoma and lung ade-
nocarcinoma exhibit high levels of HRd."> Consistently,
a phase 2 study of veliparib plus chemotherapy suggested
antitumor activity of PARP inhibitors in NSCLC.
Niraparib is an oral, selective PARP-1/2 inhibi-
tor approved for the treatment of advanced or recurrent
epithelial ovarian, fallopian tube, or primary peritoneal
cancer.'""!° Preclinical evidence suggests that PARP
inhibitors may synergize with PD-(L)1 inhibitors by
enhancing immune surveillance in the tumor microen-
vironment via activation of the stimulator of interferon
genes pathway and by overcoming PD-L1-mediated re-
sistance mechanisms induced by PARP inhibition, such
as PD-L1 upregulation.'?° The phase 1/2 TOPACIO/
KEYNOTE-162 trial demonstrated that niraparib
plus pembrolizumab had a tolerable safety profile and
promising antitumor activity in patients with advanced
triple-negative breast cancer or platinum-resistant ovar-
ian cancer.”’ Given the preclinical evidence for syner-
gistic mechanisms of action between these 2 classes of
drugs and the promising clinical activity of niraparib
and pembrolizumab in other cancer types, niraparib plus
pembrolizumab is a logical combination in NSCLC.**
Here, we report the results of the phase 2 JASPER
study (NCT04475939) evaluating clinical outcomes
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with niraparib plus pembrolizumab as first-line ther-

apy in patients with locally advanced or metastatic
NSCLC.

MATERIALS AND METHODS

Study Design

JASPER was a phase 2, multicenter, open-label, 2-
stage trial. Eligible patients were >18 years of age
with measurable (by Response Evaluation Criteria in
Solid Tumors [RECIST] v1.1%%) histologically or cy-
tologically proven advanced (unresectable) or meta-
static NSCLC (stage 3B/4). Patients had an Eastern
Cooperative Oncology Group performance status of 0
to 1, had not received a prior PARP inhibitor, anti—
PD-(L)1, or anti—programmed cell death ligand 2
therapy, and had adequate organ function. The study
was conducted in accordance with the Declaration of
Helsinki and Good Clinical Practice guidelines follow-
ing approval by ethics committees and institutional
review boards at each study site. All patients provided
written informed consent.

Cohorts

In stage 1, patients in cohorts 1 and 2 received niraparib
plus pembrolizumab. If predefined responder criteria
were met in stage 1, the study would progress to stage
2. In stage 2, cohorts 1A and 2A were to assess niraparib
plus the PD-1 inhibitor dostarlimab, and cohort 3 was to
assess niraparib monotherapy for patients who progressed
on prior platinum-based chemotherapy and PD-(L)1 in-
hibitor treatment. Results of cohorts 1 and 2 are reported
in this article.

PD-L1 status was assessed by immunohisto-
chemistry (IHC) testing performed locally on either
archival or fresh tumor tissue. PD-L1 status was also as-
sessed centrally when possible using a Food and Drug
Administration-approved in vitro companion diagnos-
tic assay; 22C3 antibody was used for all central and
most local testing. Patients with all histological sub-
types of NSCLC and no known epidermal growth fac-
tor receptor—sensitizing mutation and/or ROS1 or ALK
translocations were eligible for cohorts 1 or 2. Patients in
cohort 1 had tumors with PD-L1 TPS >50%; patients
in cohort 2 had tumors with PD-L1 TPS 1% to 49%.
Patients who received previous first-line systemic therapy
for the treatment of advanced-stage NSCLC were ex-
cluded. Neoadjuvant and/or adjuvant therapy must have
been completed at least 6 months before the diagnosis of
metastatic disease.
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Treatments

Patients in cohorts 1 and 2 received 200 mg of oral
niraparib once daily with 200 mg of intravenous
pembrolizumab every 3 weeks. Treatment with nira-
parib continued until disease progression, and treatment
with pembrolizumab continued until unacceptable tox-
icity or disease progression (maximum of 24 months).
Niraparib treatment was interrupted for any niraparib-
related nonhematologic adverse event (AE) of Common
Terminology Criteria for Adverse Events (CTCAE) grade
>3 and was restarted (with dose reduction if required) on
resolution to a grade <1 event. Niraparib dose modifica-
tions were also permitted for specific hematologic AEs.
Pembrolizumab treatment could be interrupted or dis-
continued for pembrolizumab-related toxicities, but dose
reductions were not permitted.

End Points and Assessments

The primary efficacy end point was investigator-assessed
ORR, defined as the proportion of patients with >par-
tial response (PR) per RECIST vl1.1. Secondary efficacy
end points included duration of response (DoR), disease
control rate (DCR; proportion of patients with complete
response [CR], PR, or stable disease), progression-free
survival (PES), and overall survival (OS). Other secondary
end points were the safety and tolerability of niraparib in
combination with pembrolizumab (treatment-emergent
AEs [TEAEs], treatment-related TEAEs, and discontinu-
ations due to AEs).

Efficacy and safety end points were assessed every 3
weeks. Tumor assessments were performed at baseline by
computed tomography (CT) or magnetic resonance im-
aging (MRI). Follow-up imaging assessments for tumor
response were conducted every 9 weeks up to week 72
and every 12 weeks thereafter. Stable disease was re-
corded if documented on CT/MRI assessment >4 weeks
from baseline. A safety follow-up visit occurred 30 (+7)
days after the last dose of study medication and fol-
low-up visits occurred every 90 (+14) days until death
or end of study (>6 months after the enrollment of the
last patient). AE data were collected through 30 days
after the last dose of study treatment, and serious AEs
were collected through 90 days after last dose of study
treatment.

Pharmacokinetic Assessments

Pharmacokinetic (PK) assessments of niraparib were per-
formed on day 1 of cycles 1, 2, 4, and 8 on blood collected
30 minutes pre-dose and 4 hours post-dose of niraparib.
Niraparib plasma concentrations were determined using
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K3EDTA and developed and validated using a protein
precipitation extraction procedure and liquid chroma-
tography with tandem mass spectrometry (Charles River
Laboratory, Worcester, Massachusetts).

Statistical Analysis

Sample size for stage 1 was based on Simon’s 2-stage de-
sign. Sample size was calculated for each cohort based on
ORR and with the assumption of a 1-sided o level of 0.10
and 80% power. For cohort 1, the target ORR was 65%
(standard-of-care ORR, 45%) for a sample size of 16, and
for cohort 2, the target ORR was 50% (standard-of-care
ORR, 33.5%) for a sample size of 20.

Efficacy was evaluated in the modified intent-to-
treat (mITT) population, which included all patients
who received any study drug and did not withdraw
consent before having >1 post-baseline tumor assess-
ment. Response was evaluated in patients who received
any study drug, did not withdraw consent, and had >1
post-baseline tumor assessment. Safety was evaluated in
patients who received >1 dose of study drug. The number
of responders, ORR, DCR, and 95% Cls were reported
by cohort. Kaplan-Meier estimates, including median
and 95% CI, were calculated for DoR, PFS, and OS. All
analyses for safety end points were descriptive, AEs were
coded using Medical Dictionary for Regulatory Activities
v23.0, and CTCAE v4.03 was used to grade the severity
of AEs and laboratory abnormalities. All other statistical
analyses were performed using SAS software, version 9.4
(Cary, North Carolina).

RESULTS

Patient Population

As of the May 4, 2020, data cutoff, a total of 38 patients
had been enrolled into cohorts 1 and 2 (Fig. 1). Seventeen
patients were assigned to cohort 1 (PD-L1 TPS >50%)
and 21 were assigned to cohort 2 (PD-L1 TPS 1%-49%).
In cohorts 1 and 2, 16 of 17 patients and 20 of 21 pa-
tients, respectively, were included in the mITT popula-
tion and were efficacy evaluable. A total of 14 and 18
patients in cohorts 1 and 2, respectively, were evaluable
for response.

The median age of patients was 72.0 years (range,
50-81 years) in cohort 1 and 72.0 years (range, 53-91
years) in cohort 2 (Table 1). Almost all patients in each
cohort had stage 4 NSCLC at the time of randomization.
Most patients (>58%) in cohorts 1 and 2 had adenocarci-
noma and approximately 25% of patients had squamous
cell carcinoma.
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69 patients screened for eligibility
16 screen failures

38* patients enrolled

I
{ 1

Cohort 1; NSCLC PD-L1 TPS 250% Cohort 2; NSCLC PD-L1 TPS 1-49%
17 assigned to and received niraparib 21 assigned to and received niraparib
+ pembrolizumab?® + pembrolizumab®

9 discontinued study
8 died, cause of death:
6 disease progression
1 adverse event
1 unknown
1 withdrawal of consent

17 discontinued study
15 died, cause of death:
11 disease progression
3 adverse event
1 other reason
2 withdrawal of consent

v v

8 ongoing in study at data cut-off
17 included in safety population
16 included in mITT population*

14 were response-evaluable$
17 included in PK population'

4 ongoing in study at data cut-off
21 included in safety population
20 included in mITT population®

18 were response evaluable’
21 included in PK populationf

Figure 1. Consolidated Standards of Reporting Trials diagram. *A total of 53 patients were enrolled across all cohorts in the study;
38 patients were enrolled and assigned to cohorts 1and 2. In cohort 1,15 of 17 patients discontinued niraparib treatment (10 adverse
event, 3 disease progression, 1 physician decision, 1 protocol noncompliance) and 17 of 17 patients discontinued pembrolizumab
treatment (5 disease progression, 4 adverse event, 4 other reason, 1 physician decision, 1 protocol noncompliance, 1 patient
withdrawal of consent, 1died). In cohort 2, 21 of 21 patients discontinued niraparib treatment (7 adverse event, 6 disease progression,
4 died, 2 physician decision, 1 protocol noncompliance, 1 patient withdrawal of consent), and 21 of 21 discontinued pembrolizumab
treatment (9 disease progression, 4 adverse event, 3 died, 2 physician decision, 2 patient withdrawal of consent, 1 other reason).
'mITT (efficacy-evaluable) population included all patients who received any study drug and did not withdraw consent before
having >1 post-baseline tumor assessment. SResponse-evaluable patients were those who received any study drug, did not withdraw
consent, and had >1 post-baseline tumor assessment. *PK population included patients who received niraparib and had sufficient
evaluable samples to determine PK parameters. mITT, indicates modified intent-to-treat; NSCLC, non-small cell lung cancer; PD-L1,

programmed cell death receptor ligand 1; PK, pharmacokinetics; TPS, tumor proportion score.

Efficacy
At the time of data analysis, 9 patients in cohort 1 and
17 patients in cohort 2 had discontinued the study
(Fig. 1). A total of 2 patients were still receiving niraparib
(cohort 1, n = 2); no patient in either cohort remained
on pembrolizumab treatment. The median treatment
duration for any study drug was 8.5 months (range,
1-29 months) for cohort 1 and 3.4 months (range, 1-17
months) for cohort 2.

In cohort 1, the confirmed ORR was 56.3% (95%
CI, 29.9%-80.2%) with responses in 9 of 16 patients
(CR, n =2; PR, n =7) (Fig. 2A). In cohort 2, the con-
firmed ORR was 20.0% (95% CI, 5.7%-43.7%); 4 of 20
patients had a PR and 4 patients had discase progression
(Fig. 2B). The DCR (response >stable disease) was 87.5%
(95% CI, 61.7%-98.4%) and 70.0% (95% CI, 45.7%-
88.1%) in cohorts 1 and 2, respectively. The median DoR
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was 19.7 months (95% CI, 4.2 months to not estimable
[NE)]) in cohort 1 and 9.4 months (95% CI, 4.2 months
to NE) in cohort 2.

The median best percent decrease in target tumor
lesion dimensions from baseline was 55.9% (range,
8%-100% decrease) in cohort 1 (Fig. 3A) and 9.4% (range,
24.1% increase to 78.4% decrease) in cohort 2 (Fig. 3B).

In cohorts 1 and 2, the median PFS was 8.4 months
(95% CI, 3.9-22.1 months) and 4.2 months (95% CI,
2.0-6.2 months), respectively. At the time of data analysis,
median OS for cohort 1 had not been reached (NE; 95%
CI, 6.0 months to NE). In cohort 2, median OS was 7.7
months (95% CI, 4.0-12.5 months).

Safety
All patients in the safety populations for cohorts 1
(n = 17) and 2 (n = 21) experienced >1 any-grade
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TABLE 1. Patient Demographics and Baseline Disease Characteristics

Cohort 1, PD-L1, TPS >50% Cohort 2, PD-L1, TPS 1%-49%

Parameter (Niraparib + Pembrolizumab) (N = 17) (Niraparib + Pembrolizumab) (N = 21)
Age, median (range), years 72.0 (50-81) 72.0 (563-91)
Sex, n (%)

Female 6 (35.3) 12 (57.1)
Race, n (%)

White 14 (82.4) 19 (90.5)

Black or African American 1(5.9) 0

Asian 0 1(4.8)

American Indian or Alaska Native 0 0

Other 2(11.8) 1(4.8)
ECOG PS, n (%)

0 5(29.4) 6 (28.6)

1 10 (58.8) 15 (71.4)

2 2(11.8? 0
Disease stage at randomization, n (%)

Stage 3B 1(5.9) 0

Stage 4 16 (94.1) 21 (100)
Histology at diagnosis, n (%)

Adenocarcinoma 11 (64.7) 14 (66.7)

Squamous cell carcinoma 5(29.4) 5(23.8)

Other (not otherwise specified) 1(5.9) 2(9.5)

Unknown 0 0

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death receptor
ligand 1; TPS, tumor proportion score.
#Two patients had ECOG PS 1 at screening and worsened to ECOG PS 2 on cycle 1 day 1, which was documented as the baseline ECOG PS. Inclusion criteria

were verified on the basis of screening ECOG PS, and patients were deemed eligible.

TEAE (Table 2). The most frequently reported any-grade
treatment-related TEAEs in cohorts 1 and 2 were fatigue
(41.2% and 33.3%, respectively), nausea (35.3% and
42.9%, respectively), and decreased appetite (35.3% and
38.1%, respectively). Occurrence of any-grade treatment-
related thrombocytopenia was low: 1 patient (5.9%) had
niraparib-related and pembrolizumab-related thrombo-
cytopenia, and 2 patients (11.8%) had niraparib-related
platelet count decrease in cohort 1. In cohort 2, 5 patients
(23.8%) had niraparib-related platelet count decrease,
and 2 patients (9.5%) had pembrolizumab-related plate-
let count decrease.

A total of 15 (88.2%) and 18 (85.7%) patients
had >1 grade >3 TEAE in cohorts 1 and 2, respec-
tively (Table 3). Eleven (64.7%) and 13 (61.9%) pa-
tients in cohorts 1 and 2, respectively, experienced >1
grade >3 treatment-related TEAE, the most common of
which were anemia (cohort 1, 23.5%; cohort 2, 14.3%)
and platelet count decrease (cohort 1, 5.9%; cohort 2,
14.3%). Serious treatment-related TEAEs occurred
in 6 patients (35.3%) in cohort 1 (including anemia,
pneumonia, facial paralysis, hemoptysis, encephalopa-
thy, and dyspnea) and 5 patients (23.8%) in cohort 2
(pneumonia, respiratory failure, diarrhea, atrial fibrilla-
tion, and pneumonitis). Of these 6 patients, only 1 seri-
ous treatment-related TEAE of encephalopathy resulted
in death (cohort 1) and was deemed possibly related to

Cancer January 1, 2022

pembrolizumab by the investigator and study sponsor.
The patient received 8 cycles of study treatment before
the event occurred. Four patients (19.0%) in cohort 2
had TEAEs that led to death (cardiac arrest, intestinal
obstruction, sepsis, and dyspnea [n = 1 each]); all were
deemed unlikely to be related to either study treatment
by investigators or the study sponsor. These patients in
cohort 2 received anywhere from 2 to 6 cycles of treat-
ment before the events occurred.

In cohorts 1 and 2, TEAEs led to niraparib dose in-
terruptions in 11 (64.7%) and 10 (47.6%) patients and
pembrolizumab dose interruptions in 5 (29.4%) and 7
(33.3%) patients, respectively. TEAEs led to niraparib
dose reductions in 5 (29.4%) and 7 (33.3%) patients in
cohorts 1 and 2, respectively. Niraparib was discontinued
due to TEAEs in 10 (58.8%) and 8 (38.1%) patients,
and pembrolizumab was discontinued due to TEAEs in
4 (23.5%) and 5 (23.8%) patients in cohorts 1 and 2,
respectively.

Pharmacokinetics

Supporting Table 1 shows PK data for niraparib (200
mg) in both cohorts. The mean (+SD) niraparib plasma
concentration at 4 hours after the first dose of niraparib
(200 mg) was 335 (+233) and 345 (+188) ng/mL for
cohorts 1 and 2, respectively. The accumulation ratio fol-
lowing 21 days of repeated daily dosing was 2- to 3-fold.
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Figure 2. Tumor response in patients treated with niraparib plus pembrolizumab with (A) PD-L1 TPS >50% (cohort 1) and (B)
PD-L1 TPS 1% to 49% (cohort 2). Cohort 1 enrolled 17 patients; 1 patient withdrew consent before the first dose (mITT n = 16).
Cohort 2 enrolled 21 patients; 1 patient withdrew consent before the first dose (mITT n = 20). Orange arrows indicate patients with
squamous cell carcinoma. mITT, indicates modified intent-to-treat; PD-L1, programmed cell death receptor ligand 1.
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Figure 3. Best percent change in target tumor lesion in patients treated with niraparib plus pembrolizumab with (A) PD-L1 TPS
>50% (cohort 1) and (B) PD-L1 TPS 1% to 49% (cohort 2). Patients who withdrew consent or died before having at least 1 post-
baseline assessment were not included. Confirmed best overall response was determined based on change in sum of target lesion
dimensions and the appearance of new lesions based on RECIST v1.1. 2 patients died in cohort 1 and 2 patients in cohort 2 before
post-baseline tumor assessment scan. PD-L1 indicates programmed cell death receptor ligand 1.

DISCUSSION

The primary strength of this study is that it represents
one of the first investigations of a PARP inhibitor with
a PD-1 inhibitor for the first-line treatment of NSCLC.
Niraparib in combination with pembrolizumab showed
clinical activity in patients with advanced or metastatic
NSCLC whose tumors had PD-L1 TPS >50%, among
whom 56.3% of patients responded to the combination
treatment. The duration of response was greater than
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1 year for some patients in both cohorts 1 and 2, with a
median DoR of 19.7 and 9.4 months, respectively.
Pembrolizumab is the current standard-of-care
first-line treatment for patients with advanced NSCLC
and PD-L1 TPS >50%. The ORR with pembrolizumab
monotherapy was 44.8% in the KEYNOTE-024 pri-
mary analysis of patients with PD-L1 TPS >50%.%
Comparisons of the results from JASPER, in which the
number of patients was very small, with large KEYNOTE
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TABLE 2. Any Grade TEAEs Occurring in >20% of Patients in Either Cohort 1 or 2

Cohort 1, PD-L1, TPS >50%
(Niraparib + Pembrolizumab) (N = 17), No. (%)

Preferred Term

Cohort 2, PD-L1, TPS 1%-49%
(Niraparib + Pembrolizumab) (N = 21), No. (%)

Any TEAE 17 (100)
Fatigue 8(47.1)
Nausea 7 (41.2)
Decreased appetite 7 (41.2)
Constipation 7 (41.2)
Cough 7 (41.2)
Anemia 5(29.4)
Pneumonia 5(29.4)
Dyspnea 4 (28.5)
Diarrhea 4 (23.5)
Insomnia 4 (28.5)
Upper respiratory tract infection 4 (23.5)
Anxiety 4 (28.5)
Vomiting 3(17.6)
Peripheral edema 2(11.8)
Platelet count decreased 2(11.8)
Stomatitis 1(5.9)

Any treatment-related TEAE 15 (88.2)
Fatigue 7(41.2)
Nausea 6 (35.3)
Decreased appetite 6 (35.3)
Anemia 4 (28.5)
Constipation 4 (23.5)
Platelet count decreased 2(11.8)

Any niraparib-related TEAE 15 (88.2)

Any pembrolizumab-related TEAE 14 (82.4)

21 (100)
9 (42.9)
12 (57.1)
11 (52.4)
10 (47.6)
3(14.3)
11 (52.4)
3(14.3)
10 (47.6)
4(19.0)
4(19.0

5 (23.8)
16 (76.2)
15 (71.4)

Abbreviations: PD-L1, programmed cell death receptor ligand 1; TEAE, treatment-emergent adverse event; TPS, tumor proportion score.

TEAEs are listed in descending order of incidence in cohort 1.

studies, should be made with caution. Nevertheless,
these preliminary data may suggest a greater percentage
of patients with PD-L1 TPS >50% respond to niraparib
plus pembrolizumab than pembrolizumab alone in the
first-line setting. For patients with PD-L1 TPS 1%-49%,
there appeared to be a similar or diminished response in
cohort 2 (ORR, 20%) compared with pembrolizumab
monotherapy (ORR, 27%).” However, these results
are not directly comparable; KEYNOTE-042 assessed
pembrolizumab in patients with PD-L1 TPS >19%,
which included 47% of patients who had TPS >50%
and had a higher ORR (39%).” Therefore, it is pos-
sible that a greater proportion of patients with high
PD-L1 tumor expression respond to niraparib plus
pembrolizumab, consistent with higher response rates
with pembrolizumab monotherapy in patients with
high PD-L1 expression versus lower PD-L1 levels.”?*
The JASPER study was not powered to formally com-
pare efficacy between cohorts 1 and 2.

The TEAEs observed with niraparib plus pembroli-
zumab were consistent with the safety profiles of nirapa-
rib and pembrolizumab alone as monotherapy seen in
previous studies.” > Notably, thrombocytopenia was
reported in few patients in this study (platelet count
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decreased in 11.8% of patients in cohort 1 and in 23.8%
of patients in cohort 2). The incidences of any-grade,
grade >3, and serious treatment-related TEAEs were sim-
ilar to those observed with niraparib monotherapy and
niraparib plus pembrolizumab combination therapy.'*?'
However, the rate of discontinuations due to TEAEs was
higher in JASPER than observed with niraparib or pem-
brolizumab as monotherapy.”'**” These results are not
unexpected, based on the distinct, but somewhat over-
lapping, safety profiles of niraparib and pembrolizumab.
Additional safety assessment of this combination in a
larger number of patients is needed.

Further research is needed to elucidate additional
predictive biomarkers which may assist in targeting treat-
ments to patients most likely to derive benefit from the
combination of PARP and PD-(L)1 inhibitor therapy.28
For PARP inhibitors, HRd status has utility for predicting
response in patients with solid tumors displaying DNA
repair dysfunction; although there are limited data on the
predictive capability of HRd in NSCLC, several trials of
PARP inhibitors in combination therapy for NSCLC are
underway.'*** Weaknesses of this study include the
small number of enrolled patients in each cohort (which
limits the generalizability of findings to the broader
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TABLE 3. Grade >3 TEAESs (in >3 Patients) and Serious TEAEs (in >2 Patients) Occurring in Either Cohort 1

or 2

Cohort 1, PD-L1, TPS >50%
(Niraparib + Pembrolizumab), (N = 17), No. (%)

Preferred Term

Cohort 2, PD-L1, TPS 1%-49%
(Niraparib + Pembrolizumab), (N = 21), No. (%)

Any grade >3 TEAE 15 (88.2)
Fatigue 2(11.8)
Pneumonia 5(29.4)
Anemia 4 (23.5)
Dyspnea 1(5.9)
Platelet count decreased 1(5.9)
Neutrophil count decreased 0

Any grade >3 treatment-related TEAE 11 (64.7)
Anemia 4 (28.5)
Platelet count decreased 1(5.9)

Any grade >3 niraparib-related TEAE 10 (58.8)
Anemia 4 (23.5)
Platelet count decreased 1(5.9)

Any grade >3 pembrolizumab-related 7 (41.2)

TEAE?

Any serious TEAE 11 (64.7)
Pneumonia 3
Anemia 2
Mental status changes 2
Pleural effusion 1°
Dyspnea 1
Atrial fibrillation 0

Any serious treatment-related TEAE 6 (35.3)
Anemia 2
Atrial fibrillation 0

Any serious niraparib-related TEAE 5(29.4)
Anemia 2
Atrial fibrillation 0

Any serious pembrolizumab-related TEAEP 5(29.4)

18 (85.7)
3 (14.3)
3(14.3)
6 (28.6)
5 (23.8)
3 (14.3)
3(14.3)
13 (61.9)
3(14.3)
3 (14.3)
11 (52.4)
3 (14.3)
3(14.3)
7 (33.3)

14 (66.7)
3
1
0
2
4b
2
5 (23.8)
0
2
3(14.3)
0
2
4(19.0)

Abbreviations: PD-L1, programmed cell death receptor ligand 1; TEAE, treatment-emergent adverse event; TPS, tumor proportion score.

TEAEs are listed in descending order of incidence in cohort 1.

®No individual grade >3 pembrolizumab-related TEAE occurred in >2 patients in either cohort.

®One patient had >1 event.

°No individual serious pembrolizumab-related TEAE occurred in >1 patient in either cohort.

NSCLC patient population), and the trial was nonran-
domized and did not include a comparator arm.

In conclusion, niraparib in combination with the
PD-1 inhibitor pembrolizumab demonstrated clinical ac-
tivity in patients with advanced or metastatic NSCLC.
Despite the small number of patients in this study, these
results suggest that niraparib plus pembrolizumab may
be an active combination with no new safety signals and
support further evaluation of this novel combination
approach in advanced NSCLC. The combination of
niraparib plus pembrolizumab is being studied as main-
tenance therapy in patients with advanced NSCLC who
had stable disease or response to pembrolizumab plus
platinum-based first-line induction chemotherapy in the

ongoing phase 3 ZEAL-1L study (NCT04475939).

FUNDING SUPPORT

This study was funded by GlaxoSmithKline (GSK). GSK contributed to
study design, implementation, data collection, interpretation, and analy-
sis. Medical writing support was provided by Emily Mercadante, PhD, of
Fishawack Indicia, Ltd., UK, part of Fishawack Health, funded by GSK.

Cancer January 1, 2022

CONFLICT OF INTEREST DISCLOSURES

Suresh S. Ramalingam received grant funding and/or other support (for
consultancy) from Amgen, AstraZeneca, Bristol-Myers Squibb, Merck,
Takeda, Tesaro, Advaxis, AbbVie, and Genentech/Roche. Mark M. Awad
received grant funding and/or personal fees from AstraZeneca, Bristol-
Myers Squibb, Genentech, Ariad, Blueprint Medicine, Gritstone, Maverick,
Merck, Nektar, Syndax, and Lilly. Afshin Dowlati received grant funding (to
the institution) and/or personal fees (for consultancy) from Bayer, Bristol-
Mpyers Squibb, Eli Lilly, EMD Serono, Incuron, Ipsen, Mirati, Regeneron,
Roche, Takeda, Tesaro, United Therapeutics, Vertex, AbbVie, AstraZeneca,
Millenium, Seattle Genetics, and Ariad. Thomas E. Stinchcombe received
personal fees (for advisory boards) from AstraZeneca, EMD Serono,
Foundation Medicine, G1 Therapeutics, Genentech/Roche, Lilly Oncology,
Novartis, and Takeda and grant funding (to the institution) from Advaxis,
AstraZeneca, Blueprint Medicines, Genentech/Roche, Merck, Regeneron,
and Takeda. Grace K. Dy received personal fees (for consultancy) from
GlaxoSmithKline. David R. Spigel received research grant funding from,
and had a consulting and/or advisory role (with or without funds to the in-
stitution) with, AstraZeneca, Bristol-Myers Squibb, Celgene, EMD Serono,
Genentech/Roche, GlaxoSmithKline, Lilly, Merck, Novartis, Nektar,
Takeda, AbbVie, Amgen, Aptitude Health, Bayer, Bochringer Ingelheim,
Dracen Pharmaceuticals, Evelo Therapeutics, Foundation Medicine,
Iksuda Therapeutics, Illumina, Intellisphere, Moderna Therapeutics,
Molecular Templates, PharmaMar, Precision Oncology, Seattle Genetics,
TRIPTYCH Health Partners, TRM Oncology, Aeglea Biotherapeutics,
Astellas Pharma, BIND Therapeutics, Celldex, Clovis Oncology, Daiichi
Sankyo, Eisai, G1 Therapeutics, GRAIL, ImClone Systems, Ipsen, Janssen,
MedImmune, Neon Therapeutics, Tesaro, Transgene, and University of

73



Original Article

Texas Southwestern Medical Center-Simmons Cancer Center. Nithya Iyer
Singh is an employee of GlaxoSmithKline. Yongqiang Tang is an employee
of GlaxoSmithKline. Sharon Lu is an employee of GlaxoSmithKline. Iryna
Teslenko was an employee of GlaxoSmithKline at the time of this work and
holds stocks and/or shares in GlaxoSmithKline. The other authors made
no disclosures.

AUTHOR CONTRIBUTIONS

Suresh S. Ramalingam: Conceptualization, investigation, methodology,
resources, writing—original draft, writing—review and editing. Eddie Thara:
Investigation, resources, writing—original draft, writing—review and editing.
Mark M. Awad: Investigation, resources, writing—original draft, writing—
review and editing. Basir Haque: Investigation, resources, writing—original
draft, writing—review and editing. Thomas E. Stinchcombe: Investigation,
resources, writing—original draft, writing—review and editing. Grace K.
Dy: Investigation, resources, writing—original draft, writing—review and
editing. David R. Spigel: Investigation, resources, writing—original draft,
writing—review and editing. Afshin Dowlati: Conceptualization, investi-
gation, methodology, resources, writing—original draft, writing—review and
editing. Sharon Lu: Data curation, formal analysis, resources, validation,
writing—original draft, writing—review and editing. Nithya Iyer Singh:
Data curation, formal analysis, resources, writing—original draft, writing—
review and editing. Iryna Teslenko: Data curation, formal analysis, re-
sources, writing—original draft, writing—review and editing. Yongqiang
Tang: Conceptualization, data curation, formal analysis, methodology,
resources, validation, writing—original draft, writing—review and editing.
Nicholas Iannotti: Investigation, data curation, formal analysis, resources,
writing—original draft, writing—review and editing.

DATA AVAILABILITY

GlaxoSmithKline makes available anonymized individual participant
data and associated documents from interventional clinical studies
that evaluate medicines, upon approval of proposals submitted to
www.clinicalstudydatarequest.com.

REFERENCES
1. Sui H, Ma N, Wang Y, et al. Anti-PD-1/PD-L1 therapy for non-small-

cell lung cancer: toward personalized medicine and combination strat-
egies. / Immunol Res. 2018;2018:6984948.

2. Santini FC, Hellmann MD. PD-1/PD-L1 axis in lung cancer. Cancer J.
2018;24:15-19.

3. Keytruda (pembrolizumab) prescribing information. Accessed May 1,
2021.  hteps://www.merck.com/product/usa/pi_circulars/k/keytruda/
keytruda_pi.pdf

4. Paz-Ares L, Luft A, Vicente D, et al. Pembrolizumab plus chemo-
therapy for squamous non-small-cell lung cancer. N Engl | Med.
2018;379:2040-2051.

5. Gandhi L, Rodriguez-Abreu D, Gadgeel S, et al. Pembrolizumab plus
chemotherapy in metastatic non-small-cell lung cancer. N Engl | Med.
2018;378:2078-2092.

6. Carbone DP, Reck M, Paz-Ares L, et al. First-line nivolumab in stage
IV or recurrent non-small-cell lung cancer. N Engl ] Med. 2017;376:
2415-2426.

7. Mok TSK, Wu Y-L, Kudaba I, Kowalski DM, Cho BC, Turna HZ.
Pembrolizumab versus chemotherapy for previously untreated, PD-L1-
expressing, locally advanced or metastatic non-small-cell lung cancer
(KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial.
Lancet. 2019;393:1819-1830.

8. Peters S, Gettinger S, Johnson ML, et al. Phase II trial of atezolizumab
as first-line or subsequent therapy for patients with programmed death-
ligand 1-selected advanced non-small-cell lung cancer (BIRCH). / Clin
Oncol. 2017;35:2781-2789.

9. Nowicki TS, Hu-Lieskovan S, Ribas A. Mechanisms of resistance to
PD-1 and PD-L1 blockade. Cancer J. 2018;24:47-53.

74

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Rossi G, Zullo L, Cerbone L, et al. ADP ribose polymerase inhibi-
tors for treating non-small cell lung cancer: new additions to the
pharmacotherapeutic armamentarium. Expers Opin  Pharmacother.
2020;21:679-686.

Sandhu SK, Schelman WR, Wilding G, et al. The poly(ADP-ribose)
polymerase inhibitor niraparib (MK4827) in BRCA mutation carri-
ers and patients with sporadic cancer: a phase 1 dose-escalation trial.
Lancet Oncol. 2013;14:882-892.

Gonzalez-Martin A, Pothuri B, Vergote I, et al. Niraparib in pa-
tients with newly diagnosed advanced ovarian cancer. N Engl | Med.
2019;381:2391-2402.

Marquard AM, Eklund AC, Joshi T, et al. Pan-cancer analysis of genomic
scar signatures associated with homologous recombination deficiency sug-
gests novel indications for existing cancer drugs. Biomarker Res. 2015;3:9.
Zejula (niraparib) prescribing information. Accessed May 1, 2021.
hteps://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/
US/en/Prescribing_Information/Zejula/pdf/ZEJULA-PI-PIL.PDF
Zejula (niraparib) summary of product characteristics. Accessed May 1,
2021. https://www.ema.europa.cu/en/documents/product-informatio
n/zejula-epar-product-information_en.pdf

Li A, Yi M, Qin S, Chu Q, Luo S, Wu K. Prospects for combining
immune checkpoint blockade with PARP inhibition. / Hematol Oncol.
2019;12:98.

Marcar L, Bardhan K, Gheorghiu L, et al. Acquired resistance of
EGFR-mutated lung cancer to tyrosine kinase inhibitor treatment pro-
motes PARP inhibitor sensitivity. Cell Rep. 2019;27:3422-3432.

Sato H, Niimi A, Yasuhara T, et al. DNA double-strand break repair
pathway regulates PD-L1 expression in cancer cells. Naz Commun.
2017;8:1751.

Jiao S, Xia W, Yamaguchi H, et al. PARP inhibitor upregulates PD-L1
expression and enhances cancer-associated immunosuppression. Clin
Cancer Res. 2017;23:3711-3720.

Pilie PG, Gay CM, Byers LA, O’Connor MJ, Yap TA. PARP inhibi-
tors: extending benefit beyond BRCA-mutant cancers. Clin Cancer Res.
2019;25:3759-3771.

Vinayak S, Tolaney SM, Schwartzberg L, et al. Open-label clinical
trial of niraparib combined with pembrolizumab for treatment of
advanced or metastatic triple-negative breast cancer. JAMA Oncol.
2019;5:1132-1140.

Ramalingam SS, Blais N, Mazieres J, et al. Randomized, placebo-
controlled, phase II study of veliparib in combination with carboplatin
and paclitaxel for advanced/metastatic non-small cell lung cancer. Clin
Cancer Res. 2017;23:1937-1944.

Eisenhauer EA, Therasse B, Bogaerts ], et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer. 2009;45:228-247.

Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab
versus chemotherapy for PD-L1-positive non-small-cell lung cancer. NV
Engl ] Med. 2016;375:1823-1833.

Mirza MR, Momk B]J, Herrstedt J, et al. Niraparib maintenance ther-
apy in platinum-sensitive, recurrent ovarian cancer. N Engl | Med.
2016;375:2154-2164.

Moore KN, Secord AA, Geller M, Miller DS, Cloven N, Fleming
GE. Niraparib monotherapy for late-line treatment of ovarian can-
cer (QUADRA): a multicentre, open-label, single-arm, phase 2 trial.
Lancet Oncol. 2019;20:636-648.

Reck M, Rodriguez-Abreu D, Robinson AG, et al. Five-year outcomes
with pembrolizumab versus chemotherapy for metastatic non-small-
cell lung cancer with PD-L1 tumor proportion score >/= 50. J Clin
Oncol. 2021;39:2339-2349.

Slade D. PARP and PARG inhibitors in cancer treatment. Genes Dev.
2020;34:360-394.

Levra MG, Olaussen KA, Novello S, Soria JC. PARP inhibitors: an
interesting pathway also for non-small cell lung cancer? Curr Pharm
Des. 2014;20:3875-3882.

Vikas P, Borcherding N, Chennamadhavuni A, Garje R. Therapeutic
potential of combining PARP inhibitor and immunotherapy in solid
tumors. Front Oncol. 2020;10:570.

Cancer January 1, 2022


http://www.clinicalstudydatarequest.com
https://www.merck.com/product/usa/pi_circulars/k/keytruda/keytruda_pi.pdf
https://www.merck.com/product/usa/pi_circulars/k/keytruda/keytruda_pi.pdf
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Zejula/pdf/ZEJULA-PI-PIL.PDF
https://www.gsksource.com/pharma/content/dam/GlaxoSmithKline/US/en/Prescribing_Information/Zejula/pdf/ZEJULA-PI-PIL.PDF
https://www.ema.europa.eu/en/documents/product-information/zejula-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/zejula-epar-product-information_en.pdf

