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ABSTRACT

Background: We report long-term outcomes from a pooled
analysis of patients with previously untreated metastatic
NSCLC with programmed cell death ligand 1 (PD-L1) tumor
proportion score (TPS) less than 1% enrolled in phase III
studies of pembrolizumab plus chemotherapy versus pla-
cebo plus chemotherapy.

Methods: This exploratory pooled analysis included individ-
ual patient data from the KEYNOTE-189 global
(NCT02578680) and Japan extension (NCT03950674) studies
of metastatic nonsquamous NSCLC without EGFR or ALK al-
terations and the KEYNOTE-407 global (NCT02775435) and
People’s Republic of China extension (NCT03875092) studies
of metastatic squamous NSCLC. Patients received pem-
brolizumab or placebo plus pemetrexed and cisplatin or car-
boplatin in KEYNOTE-189 and pembrolizumab or placebo
plus carboplatin and paclitaxel or nab-paclitaxel in KEYNOTE-
407. PD-L1 TPS was centrally assessed using PD-L1 IHC 22C3
pharmDx (Agilent Technologies, Carpinteria, CA).

Results: Overall, 442 patients were included in this analysis
(pembrolizumab plus chemotherapy, n ¼ 255; chemo-
therapy, n ¼ 187). The median follow-up was 60.7 (range,
49.9‒72.0) months. Pembrolizumab plus chemotherapy
improved overall survival (hazard ratio, 0.64; 95% confi-
dence interval [CI]: 0.51‒0.79) and progression-free
survival (hazard ratio, 0.66; 95% CI: 0.54‒0.81) versus
chemotherapy. The 5-year overall survival rates (95% CI)
were 12.5% (8.6%‒17.3%) versus 9.3% (5.6%‒14.1%).
Grades 3 to 5 treatment-related adverse events occurred in
59.1% of patients for pembrolizumab plus chemotherapy
and 61.3% for chemotherapy.

Conclusion: With approximately 5 years of follow-up,
pembrolizumab plus chemotherapy provided clinically
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meaningful and durable improvements in survival out-
comes versus chemotherapy alone in patients with previ-
ously untreated metastatic NSCLC with PD-L1 TPS less than
1%. These results continue to support pembrolizumab plus
chemotherapy as a standard of care in this patient popu-
lation. ClinicalTrials.gov, NCT02578680 (KEYNOTE-189
global), NCT03950674 (KEYNOTE-189 Japan extension),
NCT02775435 (KEYNOTE-407 global), NCT03875092
(KEYNOTE-407 People’s Republic of China extension).

� 2024 The Authors. Published by Elsevier Inc. on behalf of
International Association for the Study of Lung Cancer. This
is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Pembrolizumab; Non‒small-cell lung cancer;
Pooled analysis; PD-L1–negative

Introduction
Pembrolizumab in combination with chemotherapy

was found to significantly improve overall survival (OS)
and progression-free survival (PFS) compared with pla-
cebo plus chemotherapy in patients with previously
untreated metastatic NSCLC without EGFR or ALK al-
terations, irrespective of programmed cell death ligand 1
(PD-L1) tumor proportion score (TPS), in the KEYNOTE-
189 (nonsquamous NSCLC) and KEYNOTE-407 (squa-
mous NSCLC) studies.1,2 On the basis of these data,
pembrolizumab plus chemotherapy is a standard of care
first-line therapy for patients with metastatic squamous
and nonsquamous NSCLC regardless of PD-L1 TPS,
including patients with PD-L1 TPS less than 1%.3–7

Pembrolizumab is also approved as monotherapy in
patients with previously untreated locally advanced or
metastatic NSCLC with PD-L1 TPS greater than or equal
to 1% and without EGFR or ALK gene alterations.3,4

As such, determination of PD-L1 TPS is routine clinical
practice for guiding treatment decisions in patients with
previously untreated squamous or nonsquamous meta-
static NSCLC.3 Results from real-world studies have
revealed that up to 48% of patients with advanced or
metastatic NSCLC have PD-L1 TPS less than 1%.8–10 To
better understand treatment outcomes in a larger popu-
lation of patients with PD-L1 TPS less than 1%, a previous
analysis pooled a set of patients with previously untreated
advanced or metastatic NSCLC with PD-L1 TPS less than
1% enrolled in the KEYNOTE-189, KEYNOTE-407, and
KEYNOTE-021 cohort G randomized controlled studies of
pembrolizumab plus chemotherapy versus chemotherapy
alone.11 Among 444 patients with PD-L1 TPS less than 1%
included in this pooled analysis, pembrolizumab plus
chemotherapy improved OS (hazard ratio [HR], 0.63; 95%
confidence interval [CI]: 0.50‒0.79), PFS (HR, 0.68; 95%
CI: 0.56‒0.83), and objective response rate (ORR; 50.0%
versus 29.8%) versus chemotherapy alone.11 Despite
these data, a real-world evidence survey of oncologists
and pulmonologists and their patients across five Euro-
pean countries found that 62.4% of patients with EGFR-
wildtype and ALK-wildtype metastatic NSCLC with PD-L1
expression less than 1% received chemotherapy only as
first-line treatment, compared with 26.5% who received
immunotherapy plus chemotherapy.9 The remaining pa-
tients received immunotherapy alone (2.6%), chemo-
therapy combination (6.8%), targeted therapy (1.3%), and
other treatments (0.4%).9 Similarly, in a retrospective
study using patient-level data across the United States
from the Flatiron Health oncology database, among 979
patients with stage IV NSCLC with tumor PD-L1 expres-
sion less than 1%, a similar proportion of patients
received chemotherapy alone versus immunotherapy plus
chemotherapy as first-line treatment (32% versus
28%).10 Both of these studies indicate that a substantial
proportion of patients with previously untreated
advanced or metastatic NSCLC with PD-L1 expression less
than 1% continue to receive chemotherapy alone and,
therefore, may not be receiving optimum treatment per
current evidence and treatment guidelines.

Given these findings, we evaluated long-term out-
comes on the basis of a pooled analysis of pembrolizumab
plus chemotherapy versus placebo plus chemotherapy in
patients with previously untreated metastatic NSCLC with
PD-L1 TPS less than 1% enrolled in the KEYNOTE-189
and KEYNOTE-407 studies to better understand treat-
ment outcomes in this population of patients.
Methods
Patients

In this exploratory posthoc analysis, individual pa-
tient data were pooled for patients with previously
untreated metastatic NSCLC with tumor PD-L1 TPS less
than 1% enrolled in the following randomized, double-
blind, phase III studies: KEYNOTE-189 global
(NCT02578680; nonsquamous)1 and Japan extension
(NCT03950674; nonsquamous)12 studies and the
KEYNOTE-407 global (NCT02775435; squamous)2 and
People’s Republic of China extension (NCT03875092;
squamous)13 studies.

Detailed eligibility criteria for the KEYNOTE-189 and
KEYNOTE-407 studies have been previously pub-
lished.1,2,12,13 Briefly, the patients included were at least
18 years old and with histologically or cytologically
confirmed stage IV NSCLC and without previous sys-
temic treatment for advanced or metastatic NSCLC. In
addition, in KEYNOTE-189, eligible patients were
without sensitizing EGFR or ALK alterations. Eligible
patients also had measurable disease according to
Response Evaluation Criteria in Solid Tumors (RECIST)

http://creativecommons.org/licenses/by-nc-nd/4.0/
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version 1.1, an Eastern Cooperative Oncology Group
performance status of 0 or 1, life expectancy of at least 3
months, and adequate organ function. All patients were
required to provide a tumor tissue sample for evaluation
of PD-L1 TPS. The protocol and all its amendments were
approved by an institutional review board or ethics
committee at each study site. All patients provided
written informed consent before enrollment.
Study Design and Treatment
The study designs of the KEYNOTE-189 Japan exten-

sion and KEYNOTE-407 People’s Republic of China
extension studies were identical to the respective global
studies, with the exception that they only included pa-
tients enrolled in Japan and People’s Republic of China,
respectively. In KEYNOTE-189, patients were randomized
2:1 to receive either pembrolizumab 200 mg intrave-
nously or saline placebo every 3 weeks for up to 35 cycles
(approximately 2 years). All patients also received
pemetrexed 500 mg/m2 plus cisplatin 75 mg/m2 or car-
boplatin area under the curve 5 mg/mL/min every 3
weeks for four cycles followed by pemetrexed mainte-
nance therapy. In KEYNOTE-407, patients were random-
ized 1:1 to receive pembrolizumab 200 mg or saline
placebo every 3 weeks for up to 35 cycles (approximately
2 years). Patients also received carboplatin area under the
curve 6 mg/mL/min plus paclitaxel 200 mg/m2 every 3
weeks or nab-paclitaxel 100 mg/m2 (on days 1, 8, and 15)
every 3 weeks for four cycles. In all studies, treatment
continued until completion of 35 cycles of pembrolizumab
or placebo, confirmed complete response (CR) by central
review, confirmed radiographic disease progression (PD),
intercurrent illness, unacceptable adverse events (AEs),
investigator decision, or patient withdrawal of consent. In
all studies, patients in the placebo plus chemotherapy
group with PD confirmed by blinded independent central
review per RECIST version 1.1 could have crossed over to
receive open-label pembrolizumab 200 mg every 3 weeks
for up to 35 cycles if eligibility criteria were met. Patients
randomized to the pembrolizumab-containing arms or
those who crossed over from the placebo plus chemo-
therapy group to open-label pembrolizumab with subse-
quent PD may have received a second course of
pembrolizumab for up to 17 cycles (approximately 1
year) if they had stopped treatment after attaining a
confirmed CR by central review after receipt of at least 8
cycles of pembrolizumab and at least 2 cycles of pem-
brolizumab after the initial CR was identified, or had a
response of stable disease or better after completion of 35
cycles for reasons other than PD or intolerability and
met all other eligibility criteria.

Randomization was stratified according to PD-L1 TPS
(�1% versus <1%) in all studies. Additional
stratification factors in KEYNOTE-189 were platinum
chemotherapy (cisplatin versus carboplatin) and smok-
ing status (never versus current/former) and in
KEYNOTE-407 were taxane therapy (paclitaxel versus
nab-paclitaxel) and region of enrollment (East Asia
versus not East Asia).

Assessments
In all studies, PD-L1 TPS was assessed during

screening at a central laboratory using PD-L1 IHC 22C3
pharmDx (Agilent Technologies, Carpinteria, CA) from a
formalin-fixed tumor sample collected at diagnosis. In-
vestigators and patients were blinded to PD-L1 TPS;
sponsor personnel were blinded to PD-L1 TPS in
KEYNOTE-189 but not in KEYNOTE-407. In KEYNOTE-
189, tumor imaging was performed at baseline, at weeks
6 and 12 from randomization, then every 9 weeks to week
48 and every 12 weeks thereafter. In KEYNOTE-407, im-
aging was performed at baseline; at weeks 6, 12, and 18
from randomization; then every 9 weeks to week 45 and
every 12 weeks thereafter. Tumor response was assessed
per RECIST version 1.1 by blinded independent central
review, with the exception of PFS2, which was assessed
per RECIST version 1.1 by investigator review. AEs were
graded according to National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0.

End Points
In all studies, the dual primary end points were OS

(time from randomization to death because of any cause)
and PFS (time from randomization to first documented
PD or death because of any cause). Secondary end points
included ORR (proportion of patients who had CR or
partial response [PR]), duration of response (DOR; time
from first documented CR or PR until PD or death in
patients with confirmed CR or PR), and safety. PFS2
(defined as the time from randomization to second or
subsequent tumor progression on next line of treatment
or death) was a protocol-specified exploratory end point
in all studies.

Statistical Analysis
Patients from the KEYNOTE-189 global and Japan

extension studies and the KEYNOTE-407 global and
People’s Republic of China extension studies with known
PD-L1 TPS less than 1% were included in this analysis.
Efficacy outcomes were assessed in the pooled intention-
to-treat population and safety outcomes in the pooled as-
treated population. OS, PFS, DOR, and PFS2 curves were
estimated using the Kaplan-Meier method. HRs and cor-
responding 95% CIs for OS, PFS, and PFS2 were calcu-
lated using a stratified (by chemotherapy regimen) Cox
regression model with the Efron method of tie handling
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and treatment as a covariate. Analyses were performed
posthoc, with no alpha assigned. The database cutoff
dates were March 8, 2022, for the global KEYNOTE-189
study; February 7, 2023, for the KEYNOTE-189 Japan
extension; February 23, 2022, for the global KEYNOTE-
407 study; and February 10, 2023, for the KEYNOTE-
407 People’s Republic of China extension.

Results
Patients and Study Disposition

Of the 1315 total patients across the KEYNOTE-
189 global and Japan extension (n ¼ 646) and
KEYNOTE-407 global and People’s Republic of China
extension studies (n ¼ 669), 442 patients (33.6%)
with PD-L1 TPS less than 1% were included in this
pooled analysis. This comprised 254 patients who
received treatment in the pembrolizumab plus
chemotherapy group and 186 patients in the placebo
plus chemotherapy group. At the time of data cutoff,
all patients in both treatment groups had dis-
continued or completed treatment with the exception
of one who was continuing pemetrexed treatment in
the pembrolizumab plus chemotherapy group. In the
pembrolizumab plus chemotherapy group, four pa-
tients had started a second course of pembrolizumab
and 36 had received subsequent anti‒PD-(L)1 ther-
apy outside the study. In the placebo plus chemo-
therapy group, 76 patients had crossed over to
pembrolizumab monotherapy on-study and 24 had
received anti‒PD-(L)1 therapy outside the study for
1315 patients across
KEYNOTE-189 global and J
KEYNOTE-407 global and C

442 patients (33.6%) with 

Pembrolizumab Plus Chemotherapy
(KEYNOTE-189, n = 140; KEYNOTE-407, n = 115)
• 255 allocated 
• 254 received treatment 

1 ongoing on treatmenta
22 completed treatment
231 discontinued

• 149 disease progressionb

• 66 adverse event
• 9 patient withdrawal
• 4 physician decision
• 2 excluded anticancer therapy
• 1 protocol-specified unblinding

4 received second-course pembrolizumab
36 received subsequent anti–PD-(L)1 therapy 
outside the study

Figure 1. Patient disposition in the pooled analysis population
than 1%. aOngoing pemetrexed treatment at data cutoff. bInclu
PD-L1, programmed cell death ligand 1; TPS, tumor proportion
an effective crossover rate of 53.5% (Fig. 1). Details
on subsequent anticancer therapy are provided in
the Supplementary Materials.

Demographics and baseline disease characteristics
were generally similar between the treatment groups.
Overall, 74.4% of patients were men, 65.2% had an
Eastern Cooperative Oncology Group performance status
of 1, and 14.9% had brain metastasis at baseline. There
was a higher proportion of patients with nonsquamous
NSCLC in the pembrolizumab plus chemotherapy group
(52.5%) compared with the chemotherapy alone group
(34.2%) owing to the 2:1 randomization ratio in
KEYNOTE-189. In addition, there was a lower proportion
of patients with liver metastases at baseline in the
pembrolizumab plus chemotherapy group compared
with the chemotherapy alone group (13.7% versus
21.4%) (Table 1). The median time from randomization
to database cutoff was 60.7 (range, 49.9‒72.0) months.
Efficacy
At the time of data cutoff, 218 patients (85.5%) in the

pembrolizumab plus chemotherapy group and 167
(89.3%) in the placebo plus chemotherapy group had
died. The median OS was 18.3 (95% CI: 15.2‒20.9)
months and 11.4 (95% CI: 9.4‒13.2) months, respec-
tively, and HR for OS was 0.64 (95% CI: 0.51‒0.79). The
estimated 5-year OS rates were 12.5% (95% CI: 8.6%‒
17.3%) and 9.3% (95% CI: 5.6%‒14.1%), respectively
(Fig. 2A). The HR for OS in key patient subgroups is
provided in Figure 2B.
 study populations
apan extension, N = 646
hina extension, N = 669

known PD-L1 TPS <1%

Placebo Plus Chemotherapy
(KEYNOTE-189, n = 66; KEYNOTE-407, n = 121)

• 187 allocated 
• 186 received treatment

1 completed treatment
185 discontinued

• 145 disease progressionb

• 20 adverse event
• 11 protocol-specified unblinding
• 6 patient withdrawal
• 3 physician decision

76 crossed over to pembrolizumab on study
24 received anti–PD-(L)1 therapy outside the study
• Effective crossover rate of 53.5%

of patients with metastatic NSCLC with known PD-L1 TPS less
des patients with clinical progression or progressive disease.
score.



Table 1. Demographics and Baseline Disease Characteristics

Characteristic

Pembrolizumab Plus
Chemotherapy,
n ¼ 255

Placebo Plus
Chemotherapy,
n ¼ 187

Completed 35 Cycles
of Pembrolizumab,
n ¼ 27

Age, median (range), y 65.0 (31‒87) 64.0 (43‒82) 63.0 (31‒74)
Sex
Male 181 (71.0) 148 (79.1) 24 (88.9)
Female 74 (29.0) 39 (20.9) 3 (11.1)

ECOG performance status
0 89 (34.9) 64 (34.2) 10 (37.0)
1 165 (64.7) 123 (65.8) 17 (63.0)
2 1 (0.4) 0 0

Histology
Nonsquamous 134 (52.5) 64 (34.2) 8 (29.6)
Squamous 111 (43.5) 119 (63.6) 18 (66.7)
Other 10 (4.0) 4 (2.1) 1 (3.7)

Smoking status
Former or current 225 (88.2) 175 (93.6) 26 (96.3)
Never 30 (11.8) 12 (6.4) 1 (3.7)

Brain metastases 40 (15.7) 26 (13.9) 2 (7.4)
Liver metastases 35 (13.7) 40 (21.4) 3 (11.1)
Prior therapy
Radiation 47 (18.4) 34 (18.2) 1 (3.7)
Thoracic radiation 15 (5.9) 13 (7.0) 0
Neoadjuvant therapy 4 (1.6) 4 (2.1) 0
Adjuvant therapy 14 (5.5) 8 (4.3) 1 (3.7)

Region of enrollment
East Asia 55 (21.6) 50 (26.7) 10 (37.0)
Europe 124 (48.6) 76 (40.6) 15 (55.6)
United States 31 (12.2) 20 (10.7) 0
Other 45 (17.6) 41 (21.9) 2 (7.4)

Values are n (%) unless noted otherwise.
ECOG, Eastern Cooperative Oncology Group.
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At data cutoff, 238 patients (93.3%) in the pem-
brolizumab plus chemotherapy group and 178 (95.2%)
in the placebo plus chemotherapy group had experi-
enced PD or death. The median PFS was 6.5 (95% CI:
6.2‒8.4) months and 5.5 (95% CI: 4.7–6.2) months,
respectively, and the HR for PFS was 0.66 (95% CI:
0.54‒0.81; Fig. 2C). The HR for PFS in key patient sub-
groups is provided in Figure 2D.

The median PFS2 was 14.4 (95% CI: 12.9‒15.9)
months in the pembrolizumab plus chemotherapy group
and 9.2 (95% CI: 7.6‒10.2) months in the placebo plus
chemotherapy group, and the HR was 0.55 (95% CI:
0.44‒0.68; Fig. 2E).

The ORR was 50.6% (95% CI: 44.3%‒56.9%) in the
pembrolizumab plus chemotherapy group and 33.2%
(95% CI: 26.5%‒40.4%) in the placebo plus chemo-
therapy group. The median DOR was 7.6 (range, 1.1þ to
59.4þ) months and 5.5 (range, 1.4þ to 55.8þ) months,
respectively (Table 2; Figure 3).

Safety
In the pooled as-treated population, 252 of 254

patients (99.2%) in the pembrolizumab plus
chemotherapy group and 185 of 186 patients (99.5%)
in the placebo plus chemotherapy group experienced
AEs of any cause. The most frequently reported grade 3
to 5 AEs were anemia, neutropenia, and decreased
neutrophil count in both treatment groups (Table 3).
Treatment-related AEs were reported in 245 patients
(96.5%) and 175 patients (94.1%), respectively; grade
3 to 5 treatment-related AEs occurred in 150 patients
(59.1%) and 114 patients (61.3%), respectively. Over-
all, 72 patients (28.3%) in the pembrolizumab plus
chemotherapy group and 17 (9.1%) in the placebo plus
chemotherapy group had discontinued any treatment
because of treatment-related AEs. There were 14 pa-
tients (5.5%) in the pembrolizumab plus chemotherapy
group and 1 (0.5%) in the placebo plus chemotherapy
group who died because of a treatment-related AE
(Table 3).

Immune-mediated AEs and infusion reactions
occurred in 78 patients (30.7%) in the pem-
brolizumab group and 20 patients (10.8%) in the
placebo plus chemotherapy group. These were grade
3 to 5 in 32 patients (12.6%) and six patients (3.2%),
respectively. The most typically reported events were
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Figure 2. (A) Kaplan-Meier estimate of OS; (B) forest plot for OS in key patient subgroups; (C) Kaplan-Meier estimate of PFS;
(D) forest plot for PFS in key patient subgroups; and (E) Kaplan-Meier estimate of PFS2 in patients with previously untreated
metastatic NSCLC with PD-L1 TPS less than 1%. HR, hazard ratio; OS, overall survival; PD-L1, programmed cell death ligand 1;
PFS, progression-free survival; PFS2, progression-free survival 2; TPS, tumor proportion score.
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hypothyroidism, hyperthyroidism, and pneumonitis
across both treatment groups. Two patients (0.8%) in
the pembrolizumab plus chemotherapy group had
grade 5 pneumonitis; no patient in the placebo plus
chemotherapy group experienced a grade 5 immune-
mediated AE or infusion reaction (Table 3).
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Outcomes in Patients Who Completed 35 Cycles
of Pembrolizumab

Among patients randomized to the pembrolizumab
plus chemotherapy group, 27 patients (10.6%)
completed 35 cycles of pembrolizumab (Table 1). The
ORR was 92.6% (95% CI: 75.7%‒99.1%); three patients
(11.1%) had CR, 22 (81.5%) had PR, and an additional 2
(7.4%) had stable disease. The median DOR was 55.1
(range, 7.4‒59.3þ) months. At the time of data cutoff, 17
patients were alive, of whom 12 had not received sub-
sequent therapy or experienced PD. The 3-year OS rate
after completion of 35 cycles of pembrolizumab (i.e.,
approximately 5 years from randomization) was 56.7%
(95% CI: 33.4%‒74.6%).
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All 27 patients reported at least one treatment-related
AE. Grade 3 or 4 treatment-related AEs were reported in
15 patients (55.6%); no patient died because of a
treatment-related AE. Immune-mediated AEs and infusion
reactions occurred in eight patients (29.6%); one patient
(3.7%) experienced a grade 3 immune-mediated AE (type
1 diabetes mellitus). No patient experienced grade 4 or 5
immune-mediated AEs or infusion reactions.
Discussion
Pembrolizumab plus chemotherapy is one of the rec-

ommended first-line treatment options in patients with
metastatic NSCLC with PD-L1 TPS less than 1%.3–7

Despite evidence from the KEYNOTE-1891,12 and
KEYNOTE-407 studies2,13 reporting substantial OS and
PFS benefits with pembrolizumab plus chemotherapy
versus chemotherapy alone, real-world studies9,10 have
found that patients with metastatic NSCLC with PD-L1
TPS less than 1% more often received chemotherapy
alone compared with immunotherapy plus chemotherapy.
Because PD-L1 TPS was a stratification factor in both the
KEYNOTE-189 and KEYNOTE-407 studies, we were able
to pool patient-level data for those with metastatic NSCLC
with PD-L1 TPS less than 1% enrolled in the KEYNOTE-
189 global and Japan extension studies and KEYNOTE-
407 global and People’s Republic of China extension
studies to allow for a larger sample size than the indi-
vidual studies. In addition, PD-L1 IHC 22C3 pharmDx
(Agilent Technologies, Carpinteria, CA), approved by the
U.S. Food and Drug Administration as a companion diag-
nostic assay for pembrolizumab, was used in all of the
studies in the current pooled analysis to assess PD-L1
TPS, which minimizes assay-related variations.14 Our
pooled analysis found that after a minimum follow-up of 4
years (median, 5 years), pembrolizumab plus chemo-
therapy continued to provide clinically meaningful and
durable improvements in OS, PFS, ORR, and PFS2
compared with placebo plus chemotherapy with a
manageable safety profile in patients with previously
untreated metastatic NSCLC with PD-L1 TPS less than 1%.

Our data indicate a 36% reduction in risk of death
and an almost two-fold higher proportion of patients
alive at 4 years after randomization in the pem-
brolizumab plus chemotherapy group versus chemo-
therapy alone. This result was observed despite the
plateauing at the end of the chemotherapy Kaplan-Meier
curve and is likely attributable to the high crossover rate
to pembrolizumab monotherapy, as observed in each of
these studies previously.15,16 Similarly, there was a 34%
reduction in risk of death or PD with pembrolizumab
plus chemotherapy compared with chemotherapy alone.
Pembrolizumab plus chemotherapy was also associated
with improvement in PFS2 compared with chemo-
therapy alone, and, similar to the OS and PFS Kaplan-
Meier curves, there was an early separation of the
curves. The PFS2 data together with the high crossover
rate from placebo plus chemotherapy to subsequent
anti–PD-(L)1 therapy (including pembrolizumab) pro-
vide further support for treatment with pembrolizumab
plus chemotherapy in the first-line setting in these pa-
tients, for whom pembrolizumab monotherapy is not an
approved treatment option. Furthermore, pem-
brolizumab plus chemotherapy had durable antitumor
activity among the 27 patients who completed 35 cycles
of pembrolizumab, with more than half of the patients
alive 3 years after completing the first course of pem-
brolizumab (i.e., approximately 5 years from



Table 2. Tumor Response per RECIST Version 1.1 by BICR

Response Parameter
Pembrolizumab Plus
Chemotherapy, n ¼ 255

Placebo Plus
Chemotherapy, n ¼ 187

ORR (95% CI), % 50.6 (44.3–56.9) 33.2 (26.5–40.4)
Best overall response, n (%)
CR 4 (1.6) 5 (2.7)
PR 125 (49.0) 57 (30.5)
Stable disease 88 (34.5) 79 (42.2)
PD 20 (7.8) 31 (16.6)
Not evaluablea 11 (4.3) 6 (3.2)
Not assessedb 7 (2.7) 9 (4.8)

DOR,c median (range), mo 7.6 (1.1þ to 59.4þ) 5.5 (1.4þ to 55.8þ)
DOR � 4 y,c no. at risk (%) 14 (16.3) 2 (14.2)

Time to response, median (range), mo 1.5 (1.2‒19.2) 1.4 (0.8‒10.4)

“þ” indicates no PD at the time of last disease assessment.
aPostbaseline assessment(s) available but not evaluable or CR/PR/stable disease less than 6 weeks from randomization.
bNo postbaseline assessment available for response evaluation.
cBased on Kaplan-Meier estimate.
BICR, blinded independent central review; CR, complete response; DOR, duration of response; ORR, objective response rate; PD, progressive disease; PR,
partial response; RECIST, Response Evaluation Criteria in Solid Tumors.
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randomization). Altogether, these data provide further
evidence of the long-term efficacy of pembrolizumab in
patients with PD-L1 TPS less than 1%.

At the time of data cutoff, all patients had completed
first-course pembrolizumab, and there were no new
Figure 3. Patient response to pembrolizumab plus chemotherap
untreated metastatic NSCLC with PD-L1 TPS less than 1% who
response; CR, complete response; PD, progressive disease; PD-L
tumor proportion score.
safety signals identified. Overall, AEs were manageable
with pembrolizumab plus chemotherapy with a similar
proportion of patients reporting grade 3 to 5 treatment-
related AEs versus chemotherapy alone (59.1% versus
61.3%). Although a higher proportion of patients in the
y and placebo plus chemotherapy in patients with previously
completed 35 cycles of pembrolizumab. BOR, best overall

1, programmed cell death ligand 1; PR, partial response; TPS,



Table 3. AE Summary in the Pooled Safety Population

Event, n (%)
Pembrolizumab Plus
Chemotherapy, n ¼ 254

Placebo Plus
Chemotherapy, n ¼ 186

Any AE (all-cause) 252 (99.2) 185 (99.5)
Grade 3–5 187 (73.6) 142 (76.3)
Led to discontinuation of any treatment component 88 (34.6) 30 (16.1)
Led to death 28 (11.0) 11 (5.9)
Treatment-related 245 (96.5) 175 (94.1)
Grade 3–5 150 (59.1) 114 (61.3)
Led to discontinuation of any treatment component 72 (28.3) 17 (9.1)
Led to deatha 14 (5.5) 1 (0.5)

Any Grade Grade 3–5 Any Grade Grade 3–5

AEs occurring in � 15% of patients in either
treatment group

Anemia 139 (54.7) 39 (15.4) 109 (58.6) 39 (21.0)
Nausea 121 (47.6) 5 (2.0) 79 (42.5) 5 (2.7)
Decreased appetite 86 (33.9) 2 (0.8) 59 (31.7) 0
Fatigue 83 (32.7) 15 (5.9) 47 (25.3) 6 (3.2)
Diarrhea 83 (32.7) 9 (3.5) 45 (24.2) 5 (2.7)
Constipation 74 (29.1) 1 (0.4) 59 (31.7) 3 (1.6)
Neutropenia 72 (28.3) 39 (15.4) 52 (28.0) 38 (20.4)
Alopecia 66 (26.0) 1 (0.4) 58 (31.2) 1 (0.5)
Thrombocytopenia 63 (24.8) 21 (8.3) 44 (23.7) 15 (8.1)
Asthenia 56 (22.0) 11 (4.3) 39 (21.0) 9 (4.8)
Vomiting 55 (21.7) 6 (2.4) 31 (16.7) 4 (2.2)
Cough 51 (20.1) 1 (0.4) 43 (23.1) 0
Arthralgia 52 (20.5) 2 (0.8) 34 (18.3) 1 (0.5)
Rash 48 (18.9) 1 (0.4) 21 (11.3) 2 (1.1)
Pyrexia 47 (18.5) 0 35 (18.8) 4 (2.2)
Decreased white blood cell count 43 (16.9) 16 (6.3) 35 (18.8) 16 (8.6)
Decreased neutrophil count 36 (14.2) 26 (10.2) 30 (16.1) 24 (12.9)
Dyspnea 32 (12.6) 2 (0.8) 36 (19.4) 2 (1.1)

Immune-mediated AEs and infusion reactionsb 78 (30.7) 32 (12.6) 20 (10.8) 6 (3.2)
Hypothyroidism 22 (8.7) 1 (0.4) 4 (2.2) 0
Hyperthyroidism 16 (6.3) 0 4 (2.2) 0
Pneumonitis 16 (6.3) 10 (3.9)c 5 (2.7) 2 (1.1)
Infusion reactions 12 (4.7) 3 (1.2) 3 (1.6) 0
Colitis 5 (2.0) 3 (1.2) 1 (0.5) 1 (0.5)
Hepatitis 5 (2.0) 4 (1.6) 0 0
Nephritis 5 (2.0) 4 (1.6) 1 (0.5) 1 (0.5)
Severe skin reactions 4 (1.6) 2 (0.8) 3 (1.6) 3 (1.6)
Hypophysitis 3 (1.2) 1 (0.4) 0 0
Adrenal insufficiency 2 (0.8) 0 0 0
Pancreatitis 2 (0.8) 2 (0.8) 0 0
Thyroiditis 2 (0.8) 0 0 0
Encephalitis 1 (0.4) 1 (0.4) 0 0
Guillain-Barré syndrome 1 (0.4) 1 (0.4) 0 0
Myositis 1 (0.4) 0 0 0
Type 1 diabetes mellitus 1 (0.4) 1 (0.4) 0 0
Vasculitis 1 (0.4) 0 0 0

aTreatment-related AEs that led to death were: death, pneumonia, and pneumonitis (each n ¼ 2); acute kidney injury, cardiac arrest, cardiac failure, en-
cephalopathy, hepatic failure, neutropenic sepsis, pulmonary hemorrhage, respiratory failure, and septic shock (each n ¼ 1) in the pembrolizumab plus
chemotherapy group; and septic shock (n ¼ 1) in the placebo plus chemotherapy group.
bImmune-mediated adverse events and infusion reactions were based on a list of preferred terms intended to capture known risks of pembrolizumab and were
considered regardless of attribution to study treatment by the investigator.
c2 patients experienced grade 5 pneumonitis.
AE, adverse event.
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pembrolizumab plus chemotherapy group than in the
chemotherapy alone group discontinued any treatment
because of treatment-related AEs (72 [28.3%] versus 17
[9.1%]) and had fatal treatment-related AEs (14 [5.5%]
versus 1 [0.5%]), the safety profiles in both treatment
groups were consistent with those observed in the in-
dividual studies included in this analysis15,16 and the
established safety profile of pembrolizumab.

The results from the current pooled analysis build on a
previous pooled analysis of randomized controlled
studies of pembrolizumab plus chemotherapy versus
chemotherapy alone in patients with previously untreated
NSCLC with PD-L1 TPS less than 1% after a median
follow-up of 28.0 (range, 14.7‒55.4) months.11 Our re-
sults in a larger number of patients are consistent with
the individual KEYNOTE-189 and KEYNOTE-407 studies
included in this pooled analysis, which reported HRs for
OS (for pembrolizumab plus chemotherapy versus
chemotherapy alone) of 0.55 and 0.83, respectively, and
HRs for PFS of 0.67 and 0.70, respectively, in the global
studies after a median follow-up of 5 years.15,16 The 5-
year follow-up outcomes were not available in the
respective Japan and People’s Republic of China extension
studies at the time of this analysis. However, long-term
outcomes have been reported in a pooled analysis of
107 patients with advanced or metastatic NSCLC with PD-
L1 TPS less than 1% enrolled in East Asian countries in
randomized controlled trials of pembrolizumab plus
chemotherapy versus chemotherapy alone, including pa-
tients enrolled in all four studies included in the current
pooled analysis.17 In the pooled analysis of East Asian
patients, pembrolizumab plus chemotherapy was associ-
ated with improved OS (HR, 0.55; 2-year OS rate, 46%
versus 28%) and PFS (HR, 0.64; 2-year PFS rate, 17%
versus 10%) versus chemotherapy alone after a median
follow-up of 33.4 (range, 25.3‒49.2) months, consistent
with the trends observed in our pooled analysis.

Although several studies have reported efficacy of
other anti‒PD-(L)1‒based therapies versus chemo-
therapy alone in subgroups of patients with advanced or
metastatic NSCLC with PD-L1 TPS less than 1%,18–21

limited long-term efficacy and safety data are available
in a large patient population in this setting. For context,
5-year outcomes from part 1 of the CheckMate 227 study
reported an HR for OS of 0.80 (95% CI: 0.64–1.00) for
nivolumab plus chemotherapy versus chemotherapy
alone in patients with tumor PD-L1 expression less than
1%, which is higher than the HR observed in our pooled
analysis for pembrolizumab plus chemotherapy and in-
cludes 1 in the CI.18 The same study also evaluated the
combination of nivolumab plus ipilimumab versus
chemotherapy alone and reported an HR for OS of 0.65
(95% CI: 0.52–0.81), which is similar to the HR observed
in our pooled analysis.18 The safety profile of nivolumab
plus chemotherapy was similar to that observed with
pembrolizumab plus chemotherapy. Of note, neither
nivolumab plus chemotherapy nor the nivolumab plus
ipilimumab regimen is approved for the treatment of
patients with previously untreated advanced or meta-
static NSCLC with PD-L1 TPS less than 1%. In addition,
recent findings from the CheckMate 9LA study of first-
line nivolumab plus ipilimumab and chemotherapy
versus chemotherapy alone reported an HR for OS of
0.66 (95% CI: 0.50–0.86) in a subgroup of patients with
PD-L1 expression less than 1% (n ¼ 264),22 similar to
the findings in the present study. Conversely, results
from part 2 of the EMPOWER-Lung 3 study of cemipli-
mab (anti–PD-1) plus chemotherapy versus chemo-
therapy alone reported an HR for OS of 1.01 (95% CI:
0.63‒1.60) in patients with tumor PD-L1 less than 1%
(n ¼ 139).23 Although pembrolizumab plus chemo-
therapy is an effective standard of care in this setting,
there is a need for additional treatment options for the
subset of patients who achieve limited benefit from it.

The current pooled analysis had certain limitations.
This was an exploratory posthoc analysis and therefore
was not powered for statistical significance testing, which
limits interpretation of the results. Our analysis also did
not adjust for the relatively high rate of patients who
crossed over from placebo plus chemotherapy to pem-
brolizumab, which potentially attenuated the treatment
effect of pembrolizumab. Of note, pembrolizumab mono-
therapy is not approved as second-line therapy in patients
with metastatic NSCLC with PD-L1 TPS less than 1%.3

In conclusion, pembrolizumab plus chemotherapy
continued to exhibit clinically meaningful and durable
improvements in survival outcomes and antitumor activity
compared with placebo plus chemotherapy with
manageable toxicity in patients with metastatic NSCLC
with PD-L1 TPS less than 1% after a median follow-up of 5
years. These results continue to support pembrolizumab
plus chemotherapy as a standard of care first-line therapy
for metastatic NSCLC with PD-L1 TPS less than 1%.
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