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ABSTRACT

Introduction: In the KEYNOTE-010 study, pembrolizumab
improved overall survival (OS) versus docetaxel in patients with
previously treated, advanced NSCLC with programmed death-
ligand 1 (PD-L1) tumor proportion score (TPS) �50% and
�1%. We report 5-year efficacy and safety follow-up for the
KEYNOTE-010 study.

Methods: Patients were randomized to pembrolizumab
2 mg/kg or 10 mg/kg once every 3 weeks or docetaxel
75 mg/m2 once every 3 weeks for up to 35 cycles (2 y).
Patients who completed pembrolizumab treatment and
subsequently had recurrence could receive second-course
pembrolizumab for up to 17 cycles (1 y). Pembrolizumab
doses were pooled in this analysis.

Results: A total of 1034 patients were randomized (pem-
brolizumab, n ¼ 691; docetaxel, n ¼ 343). Median study
follow-up was 67.4 months (range: 60.0‒77.9). The hazard
ratio (95% confidence interval) for OS was 0.55 (0.44‒
0.69) for patients with PD-L1 TPS �50% and 0.70 (0.61‒
0.80) with PD-L1 TPS �1%. The 5-year OS rates for
pembrolizumab versus docetaxel were 25.0% versus 8.2%
in patients with PD-L1 TPS �50% and 15.6% versus 6.5%
with PD-L1 TPS �1%. Among 79 patients who completed
35 cycles/2 years of pembrolizumab, the OS rate 3 years
after completion (w5 y from randomization) was 83.0%.
A total of 21 patients received second-course pem-
brolizumab; 11 (52.4%) had an objective response after
starting the second course and 15 (71.4%) were alive at
data cutoff. Exploratory biomarker analysis revealed that
higher tissue tumor mutational burden (�175 mutations
per exome) was associated with improved outcomes with
pembrolizumab.

Conclusions: Pembrolizumab continued to provide long-
term benefit than docetaxel in patients with previously
treated advanced NSCLC with PD-L1 TPS �50% and �1%.
Our findings confirm pembrolizumab as a standard-of-care
treatment in the second-line or later setting.

� 2021 Published by Elsevier Inc. on behalf of International
Association for the Study of Lung Cancer.

Keywords: Pembrolizumab; Non‒small-cell lung cancer;
Chemotherapy; PD-L1

Introduction
Pembrolizumab, a humanized monoclonal antibody

against programmed death 1 (PD-1), promotes T cell-
mediated antitumor activity by inhibiting the interac-
tion between PD-1 and its ligands, programmed death-
ligand 1 (PD-L1) and programmed death-ligand 2
(PD-L2).1 Pembrolizumab has been found to improve
overall survival (OS) compared with standard chemo-
therapy in the first- and second-line or later settings
among patients with advanced or metastatic NSCLC with
a PD-L1 tumor proportion score (TPS) �1% and to
improve OS when combined with platinum-based
chemotherapy in patients with metastatic NSCLC
regardless of PD-L1 TPS in the first-line setting.2-7

The primary analysis of the phase 2/3 KEYNOTE-010
study (data cutoff, September 30, 2015; median follow-
up, 13.1 mo) showed significantly improved OS with
pembrolizumab monotherapy (2 mg/kg or 10 mg/kg
once every 3 weeks) versus docetaxel once every 3
weeks in patients with previously treated advanced
NSCLC with PD-L1 TPS �50% and PD-L1 TPS �1%.2 The
hazard ratios (HRs) for OS were 0.54 (95% confidence
interval [CI]: 0.38‒0.77) with pembrolizumab 2 mg/kg
and 0.50 (95% CI: 0.36‒0.70) with pembrolizumab 10
mg/kg in patients with PD-L1 TPS �50% and 0.71 (95%
CI: 0.58‒0.88) and 0.61 (95% CI: 0.49‒0.75), respec-
tively, in patients with PD-L1 TPS �1%.2 Because OS was
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comparable for the two pembrolizumab doses, data were
pooled for later analyses. In previously reported updated
analyses with median follow-up of 31.0 and 42.6 months,
pembrolizumab continued to show improvement in OS
over docetaxel in patients with PD-L1 TPS �50% and
TPS �1%.8,9

We report an updated analysis of efficacy and safety
outcomes for the intent-to-treat population in KEYNOTE-
010 with approximately 5 years of follow-up from
randomization to data cutoff, an additional 2 years of
follow-up since previous analysis.9 In addition, outcomes
are reported for the 79 patients who completed 35 cy-
cles/2 years of pembrolizumab treatment (as specified
in the study protocol and consistent with the pem-
brolizumab prescribing information10) and for the 21
patients who received second-course pembrolizumab.
For the first time, we report the findings from an
exploratory biomarker analysis of the prevalence and
association with outcomes of tissue tumor mutational
burden (tTMB) among patients in KEYNOTE-010.

Materials and Methods
Study Design and Patients

KEYNOTE-010 was a multicenter, international trial
that enrolled patients from 202 academic medical centers
in 24 countries (ClinicalTrials.gov, NCT01905657). Eligible
patients were aged more 18 years or older with histolog-
ically or cytologically confirmed stage IIIB/IV NSCLC with
1 or more measurable lesion per Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 (RECIST
v1.1) by investigator review and PD-L1 TPS �1%, Eastern
Cooperative Oncology Group (ECOG) performance status of
0 or 1, and investigator-determined disease progression
after 2 or more cycles of platinum-based chemotherapy,
and an appropriate tyrosine kinase inhibitor for those with
an EGFR or ALK alteration. Full inclusion and exclusion
criteria have been published previously.2

The study protocol and amendments were approved
by an investigational review board or ethics committee
at each study site. Patients provided written informed
consent before participation.

Treatment Allocation
Patients were randomly assigned (1:1:1) to open-

label pembrolizumab 2 mg/kg once every 3 weeks,
pembrolizumab 10 mg/kg once every 3 weeks, or
docetaxel 75 mg/m2 once every 3 weeks. Randomization
was stratified according to ECOG performance status (0
versus 1), geographic region (east Asia versus non-east
Asia), and PD-L1 TPS (�50% versus 1%‒49%) and
was managed centrally using an interactive voice/web
response system. Patients allocated to pembrolizumab
received up to 35 cycles/2 years of treatment; patients
allocated to docetaxel continued treatment for the
maximum duration allowed by local regulations or until
disease progression, unacceptable toxicity, investigator
decision, withdrawal of patient consent, intercurrent
illness preventing continued treatment, noncompliance
with study treatment or procedures, or loss to follow-up.
Patients who achieved investigator-confirmed complete
response per immune-related response criteria (irRC)
after treatment with pembrolizumab for 6 months or
longer, and with an additional 2 or more cycles of
pembrolizumab beyond the initial date of response,
could discontinue treatment. Patients who discontinued
pembrolizumab after achieving complete response, or
after 35 cycles/2 years of pembrolizumab, but who
experienced disease progression per irRC (determined
by investigator) were eligible for up to 17 cycles (1 y) of
pembrolizumab retreatment (i.e., second course) if they
had received no other anticancer therapy since the last
dose of pembrolizumab. After the KEYNOTE-010 study
met its primary objective, a protocol amendment
allowed patients in the docetaxel group who had disease
progression on the study or who had started subsequent
anticancer therapy after study participation and then
experienced disease progression could crossover to
pembrolizumab 200 mg every 3 weeks for up to 35 cy-
cles/2 years or until discontinuation criteria were met.
Assessments
Patients were evaluated by computed tomography

every 9 weeks until week 54 and at 12-week intervals
thereafter, or more frequently if clinically indicated.
Response to treatment was evaluated according to
RECIST v.1.1 by independent central review and treat-
ment decisions made on the basis of irRC per investi-
gator. After completion of study treatment or
discontinuation for reasons other than disease progres-
sion, disease status was assessed until disease progres-
sion, start of an alternative cancer therapy, death,
withdrawal of consent, or loss to follow-up. Disease
status assessments continued with the same schedule
during second-course treatment. Patients were con-
tacted every 2 months to assess survival status.

Adverse events (AEs) were monitored to 30 days
after the end of treatment (90 d for serious AEs) using
the National Cancer Institute Common Terminology
Criteria for Adverse Events (NCI-CTCAE) version 4.0 to
grade severity.

PD-L1 expression was evaluated in formalin-fixed
tissue samples from a nonirradiated tumor lesion
(44% of samples were archival, 56% were newly
collected)8 at a central laboratory with an immunohis-
tochemistry assay (Agilent Technologies, Carpinteria,
CA) with the murine 22C3 antihuman PD-L1 antibody.

http://ClinicalTrials.gov


Table 1. Baseline Demographic and Disease Characteristics

Characteristic, n (%)

ITT Population

Completed 35 Cycles of
Pembrolizumab, n ¼ 79

Patients Who Received
Second-Course Pembrolizumab,
n ¼ 21

Pembrolizumab,
n ¼ 690

Docetaxel,
n ¼ 343

Age group
<65 y 395 (57.2) 209 (60.9) 55 (69.6) 15 (71.4)
�65 y 295 (42.8) 134 (39.1) 24 (30.4) 6 (28.6)

Men 425 (61.6) 209 (60.9) 53 (67.1) 16 (76.2)
Race
White 496 (71.9) 251 (73.2) 56 (70.9) 14 (66.7)
Asian 145 (21.0) 72 (21.0) 17 (21.5) 6 (28.6)
Black or African American 21 (3.0) 7 (2.0) 5 (6.3) 1 (4.8)
Other 10 (1.4) 2 (0.6) 0 0
Missing 18 (2.6) 11 (3.2) 1 (1.3) 0

Geographic region
East Asian 128 (18.6) 62 (18.1) 17 (21.5) 6 (28.6)
Non-east Asian 562 (81.4) 281 (81.9) 62 (78.5) 15 (71.4)

ECOG performance status
0 231 (33.5) 116 (33.8) 25 (31.6) 5 (23.8)
1 455 (65.9) 224 (65.3) 54 (68.4) 16 (76.2)
�2 4 (0.6) 2 (0.6) 0 0
Missing 0 1 (0.3) 0 0

Smoking history
Current or former 565 (81.9) 269 (78.4) 72 (91.1) 16 (76.2)
Never 123 (17.8) 67 (19.5) 7 (8.9) 5 (23.8)
Missing 2 (0.3) 7 (2.0) 0 0

Histologic type
Squamous 156 (22.6) 66 (19.2) 21 (26.6) 6 (28.6)
Nonsquamous 486 (70.4) 240 (70.0) 53 (67.1) 14 (66.7)
Mixed histology 6 (0.9) 4 (1.2) 0 0
Other 9 (1.3) 6 (1.7) 1 (1.3) 0
Unknown 33 (4.8) 27 (7.9) 4 (5.1) 1 (4.8)

Brain metastasis 104 (15.1) 48 (14.0) 12 (15.2) 3 (14.3)
PD-L1 TPS
�50% 290 (42.0) 152 (44.3) 58 (73.4) 12 (57.1)
1%‒49% 400 (58.0) 191 (55.7) 21 (26.6) 9 (42.9)

EGFR mutation status
Mutant 61 (8.8) 26 (7.6) 1 (1.3) 0
Wild type 581 (84.2) 293 (85.4) 68 (86.1) 21 (100.0)
Undetermined/missing 48 (7.0) 24 (7.0) 10 (12.7) 0

ALK translocation present
Yes 6 (0.9) 2 (0.6) 0 0
No 612 (88.7) 309 (90.1) 70 (88.6) 21 (100.0)
Undetermined/missing 72 (10.4) 32 (9.3) 9 (11.4) 0

Prior lines of systemic therapya

1 477 (69.1) 236 (68.8) 63 (79.7) 18 (85.7)
�2 198 (28.7) 104 (30.3) 15 (19.0) 3 (14.3)

aExcludes adjuvant and neoadjuvant therapies.
ECOG, Eastern Cooperative Oncology Group; ITT, intent-to-treat; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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Tumor samples with TPS �1% were considered PD-L1
positive.

Tumor TMB status was assessed using whole-exome
sequencing (WES) of tumor tissue and matched normal
DNA as previously described.11 A prespecified cutpoint of 175
mutations per exome (mut/exome) was used to define sub-
groups with high tTMB (�175 mut/exome) versus low tTMB
(<175 mut/exome). The TMB cutpoint was previously
identified as the biologically optimal threshold across multiple
tumor types in pembrolizumab studies using WES.11,12

Study Outcomes
Primary end points were OS (time from randomiza-

tion to death from any cause) and progression-free
survival (PFS; time from randomization to first docu-
mented disease progression per RECIST v.1.1 by



1722 Herbst et al Journal of Thoracic Oncology Vol. 16 No. 10
independent central review or death from any cause,
whichever occurred first). Safety and overall response
rate (ORR) were assessed as secondary end points.
Evaluation of tTMB and its association with outcomes
was an exploratory analysis.

Statistical Analysis
Statistical analysis methods for this trial have been pre-

viously reported.2,9 Efficacy analyses were performed ac-
cording to the treatment assigned (i.e., intent-to-treat); safety
analyses were conducted among patients who received
treatment analyzed according to treatment received (i.e., all
patients as-treated). The primary end points of OS and PFS
in the intent-to-treat population were estimated using the
Kaplan-Meier method. HRs and 95% CIs were calculated
using a stratified Cox proportional hazards model with
Efron’s tie handling method; randomization stratification
factors were applied to the analyses. Consistent with previ-
ous analyses, pembrolizumab dose groups were pooled for
this analysis. No alpha was assigned to these analyses.

The tTMB-evaluable population comprised all patients
with PD-L1 TPS �1% who received either pembrolizumab
or docetaxel (all patients as-treated population) and had
evaluable samples for tTMB using WES. A statistical anal-
ysis plan for tTMB analysis was prespecified before
merging the clinical and biomarker data sets. Relationships
between tTMB and ORR were assessed using logistic
regression analysis adjusted for ECOG performance status
and a receiver-operating characteristic curve analysis. Re-
lationships between tTMB and OS and PFS were evaluated
using Cox proportional hazards models (adjusted for ECOG
performance status). For the association of tTMB with
outcomes, tTMB was assessed as a continuous log10-
transformed variable. The Wald test was used to calculate
one-sided p values for pembrolizumab because the a priori
hypothesis was that higher tTMB was positively associated
with improved outcomes with pembrolizumab. For
chemotherapy, two-sided p values were calculated because
there was no a priori hypothesis regarding the direction of
the association between tTMB and outcomes with
chemotherapy. Statistical significance was determined at
the 0.05 level; there was no adjustment for multiplicity,
and no alpha was assigned.

Results
Patients

A total of 1034 patients were randomized in
KEYNOTE-010 between August 28, 2013, and February
27, 2015, of whom 691 were randomized to pem-
brolizumab (pembrolizumab 2 mg/kg, n ¼ 345; pem-
brolizumab 10 mg/kg, n ¼ 346) and 343 to docetaxel
(Supplementary Fig. 1).2 As previously reported, one
patient in the pembrolizumab 2 mg/kg group was
excluded from the efficacy analysis population because it
was not possible to adequately assess tumor response;
however, this patient was included in the safety analysis
population. Baseline demographics and disease charac-
teristics were similar between treatment groups in the
intent-to-treat population (Table 1).

Median (range) time from randomization to the data
cutoff date of April 8, 2020, was 67.4 (60.0–77.9) months
for the intent-to-treat population (N ¼ 1033). All pa-
tients had discontinued their initially assigned treatment
as of the data cutoff date. Median (range) duration of
treatment for first course was 3.5 months (1 d to 31.7
mo) for the two pembrolizumab treatment groups
(pooled) and 2.0 months (1 d to 26.4 mo) for docetaxel.
Among patients randomized to the docetaxel group,
eight patients (2.3%) crossed over to pembrolizumab
on-study, and an additional 68 patients (19.8%) crossed
over to anti‒PD-(L)1 immunotherapy off-study, for an
effective crossover rate of 22.2%.
Long-Term Outcomes in the Intent-to-Treat
Population

At the time of analysis, 893 of 1033 patients (86.4%)
in the intent-to-treat population had died. The HR (95%
CI) for OS was 0.55 (0.44–0.69) for patients with PD-L1
TPS �50% (Fig. 1A) and 0.70 (0.61–0.80) for patients
with PD-L1 TPS �1% (Fig. 1B). Median OS (95% CI) was
16.9 (12.3‒21.4) months versus 8.2 (6.4‒9.8) months in
the PD-L1 TPS �50% group and 11.8 (10.4‒13.1)
months versus 8.4 (7.6‒9.5) months in the PD-L1 TPS
�1% group. Kaplan-Meier estimates of the 5-year OS
rate for pembrolizumab versus docetaxel were 25.0%
versus 8.2% in the PD-L1 TPS �50% group and 15.6%
versus 6.5% in the PD-L1 TPS �1% group. Among pa-
tients with PD-L1 TPS 1%–49%, the HR (95% CI) for OS
was 0.79 (0.65–0.94). Figure 1C shows HRs for survival
in key patient subgroups.

The HR (95% CI) for PFS (per RECIST v.1.1 by
independent central review) was 0.57 (0.46–0.71) for
patients with PD-L1 TPS �50% and 0.84 (0.73–0.96)
for patients with PD-L1 TPS �1%. Median (95% CI)
PFS was 5.3 (4.2‒6.5) months versus 4.2 (3.8‒5.1)
months in the PD-L1 TPS �50% group and 4.0 (3.1‒
4.1) months versus 4.1 (3.8‒4.5) months in the PD-L1
TPS �1% group. In the PD-L1 TPS �50% group, the
PFS rate at 5 years was 18.2% with pembrolizumab;
all in the docetaxel group had disease progression or
were censored before 5 years. The PFS rates at 5
years were 9.4% versus 0.7% for the PD-L1 TPS �1%
group, respectively (Fig. 2A and B).

The ORR (95% CI, per RECIST v.1.1 by independent
central review) was 33.1% (27.7–38.8) with pem-
brolizumab versus 9.2% (5.1–15.0) with docetaxel for
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Figure 1. Kaplan-Meier analysis of OS in patients with (A) PD-L1 TPS �50% and (B) PD-L1 TPS �1% and treatment differences
in OS across patient subgroups among patients with (C) PD-L1 TPS �1%. CI, confidence interval; ECOG, Eastern Cooperative
Oncology Group; HR, hazard ratio; OS, overall survival; PD-L1, programmed death-ligand 1; TPS, tumor proportion score.
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patients in the PD-L1 TPS �50% group and 21.2%
(18.2–24.4) versus 9.6% (6.7–13.2) for patients in the
PD-L1 TPS �1% group. Median (range) duration of
response (DOR) was 68.4 (2.0þ to 71.7þ) months with
pembrolizumab versus 8.5 (2.6–16.8) months with
docetaxel in the PD-L1 TPS �50% group and 68.4 (2.0þ
to 71.7þ) versus 7.5 (1.4þ to 16.8) months in the PD-L1
TPS �1% group (“þ” indicates that there was no pro-
gressive disease by the time of last disease assessment).
At data cutoff, 41 patients (43.0%) who received
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Figure 1. (continued).
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pembrolizumab in the PD-L1 TPS �50% group and 51
(35.0%) in the PD-L1 TPS �1% group (of whom 10 had
PD-L1 TPS 1%–49%) had an ongoing response; no pa-
tient who received docetaxel in either PD-L1 TPS group
had an ongoing response.

Incidence of treatment-related AEs (any grade), grade
3 to 5 AEs, and treatment-related AEs leading to
discontinuation or death was lower in patients treated
with pembrolizumab than in patients treated with
docetaxel (Table 2). The most frequently occurring
treatment-related AEs in the pembrolizumab group were
fatigue (15.8%), decreased appetite (12.8%), and rash
(12.2%), whereas the most frequently occurring
treatment-related AEs in the docetaxel group were alo-
pecia (34.0%), fatigue (24.9%), and diarrhea (19.1%).
Treatment-related AEs leading to death occurred in 0.7%
of patients in the pembrolizumab group and 1.6% in the
docetaxel group: there were no new treatment-related
deaths since the previous analysis.9 Serious treatment-
related AEs were reported by similar proportions of
patients in the two treatment groups (pembrolizumab,
11.3%; docetaxel, 14.2%).
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Figure 2. Kaplan-Meier analysis of progression-free survival per RECIST version 1.1 by independent central review in patients
with (A) PD-L1 TPS �50% and (B) PD-L1 TPS �1%. CI, confidence interval; HR, hazard ratio; NR, not reached; PD-L1, pro-
grammed death-ligand 1; RECIST, Response Evaluation Criteria in Solid Tumors; TPS, tumor proportion score.
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Immune-mediated AEs and infusion reactions (irre-
spective of attribution to treatment by the investigator)
occurred in 23.0% of patients in the pembrolizumab
group and 10.0% of patients in the docetaxel group. No
additional patients experienced immune-mediated AEs
and infusion reactions since the previous analysis.9 Grade
3 to 5 immune-mediated AEs and infusion reactions
occurred in 6.3% of patients in the pembrolizumab group
and 1.6% of patients in the docetaxel group. The most
frequently occurring immune-mediated AEs in the pem-
brolizumab group were hypothyroidism (8.8%), pneu-
monitis (5.9%), and hyperthyroidism (4.8%).

Long-Term Outcomes in Patients Who Completed
35 Cycles/2 Years of Pembrolizumab

At data cutoff, 79 patients had completed 35 cycles/2
years of pembrolizumab. Median (range) time from
randomization to data cutoff was 68.1 (60.5‒74.5)
months for these patients. Baseline characteristics were
generally similar between these patients and patients
allocated to pembrolizumab in the intent-to-treat popu-
lation, although a higher percentage of patients were less
than 65 years of age (69.6% versus 57.2%) and had PD-
L1 TPS �50% (73.4% versus 42.0%) in the patients who
completed 35 cycles/2 years of pembrolizumab, whereas
fewer had received two or more prior lines of systemic
therapy (19.0% versus 28.7%) or had mutant EGFR
status (1.3% versus 8.8%); presence of brain metastases
at baseline was similar (15.2% versus 15.1%; Table 1).

ORR (per independent central review per RECIST
v.1.1) for patients who completed 35 cycles/2 years of
pembrolizumab was 98.7%: 15 of 79 patients (19.0%)
achieved complete response, 63 (79.7%) achieved par-
tial response; and one (1.3%) further patient had stable
disease. Treatment duration, time to response, and DOR
for patients who completed 35 cycles/2 years of pem-
brolizumab are shown in Figure 3A. At data cutoff, 18 of
79 patients (22.8%) who completed 35 cycles/2 years of
treatment had died. The OS rate 3 years after completion
of pembrolizumab treatment (w5 years from randomi-
zation) was 83.0%. A total of 38 of 79 patients (48.1%)
were alive without disease progression.

Treatment-related AEs occurred in 66 of 79 patients
(83.5%), including 14 (17.7%) with grade 3 to 4
treatment-related AEs (Table 2). One patient received
pembrolizumab for more than 2 years (but did not com-
plete 35 cycles of pembrolizumab). Immune-mediated
AEs occurred in 31 of 79 patients (39.2%), most often
hypothyroidism (25.3%), hyperthyroidism (8.9%), and
pneumonitis (8.9%). Five patients (6.3%) had grade 3/4
immune-mediated AEs (pneumonitis, n ¼ 2; hypophysitis,
n ¼ 2; adrenal insufficiency, n ¼ 1; pancreatitis, n ¼ 1).
There were no fatal immune-mediated AEs.

Patients Who Received Second-Course
Pembrolizumab

At data cutoff, 21 patients had received second-course
pembrolizumab. Demographic and clinical characteristics
for these patients are summarized in Table 1. Of 21 pa-
tients, 11 (52.3%) experienced an objective response per
RECIST by independent central review (complete
response, n ¼ 1; partial response, n ¼ 10) after starting
second-course pembrolizumab. A further six patients had
stable disease, for an overall disease control rate of
81.0%. In addition, three patients had progressive dis-
ease per RECIST by independent central review and one
patient was unevaluable. Eight patients experienced
subsequent disease progression per irRC by investigator
assessment, including three patients who had achieved a
partial response and five who had stable disease. At data
cutoff, six patients (28.6%) who received second-course
pembrolizumab had died. Treatment duration, time to
response, and DOR for patients who received second-
course pembrolizumab are found in Figure 3B.

A total of 10 patients (47.6%) experienced
treatment-related AEs after initiation of second-course



Table 2. Incidence of Treatment-Related AEs Among Treated Patients

Adverse Events Pembrolizumab, n ¼ 682 Docetaxel, n ¼ 309

Completed 35 Cycles/
2y of Pembrolizumab,
n ¼ 79

Treatment-related AEs, n (%)
Any 462 (67.7) 255 (82.5) 66 (83.5)
Grades 3‒5 110 (16.1) 113 (36.6) 14 (17.7)
Led to treatment discontinuation 40 (5.9) 37 (12.0) 1 (1.3)
Led to death 5 (0.7) 5 (1.6) 0

Any Grade Grades 3‒5 Any Grade Grades 3‒5 Any Grade Grades 3‒5
Treatment-related AEs occurring in �10% of patients,a n (%)

Fatigue 108 (15.8) 10 (1.5) 77 (24.9) 11 (3.6) 15 (19.0) 1 (1.3)
Decreased appetite 87 (12.8) 5 (0.7) 52 (16.8) 3 (1.0) 9 (11.4) 1 (1.3)
Rash 83 (12.2) 2 (0.3) 14 (4.5) 0 21 (26.6) 0
Nausea 81 (11.9) 3 (0.4) 52 (16.8) 1 (0.3) 9 (11.4) 0
Pruritus 72 (10.6) 2 (0.3) 5 (1.6) 1 (0.3) 22 (27.8) 0
Diarrhea 58 (8.5) 2 (0.3) 59 (19.1) 7 (2.3) 15 (19.0) 0
Asthenia 48 (7.0) 4 (0.6) 38 (12.3) 6 (1.9) 9 (11.4) 0
Anemia 27 (4.0) 5 (0.7) 43 (13.9) 5 (1.6) 4 (5.1) 1 (1.3)
Stomatitis 22 (3.2) 1 (0.1) 44 (14.2) 3 (1.0) 4 (5.1) 0
Alopecia 7 (1.0) 0 105 (34.0) 2 (0.6) 3 (3.8) 0
Neutropenia 2 (0.3) 0 44 (14.2) 38 (12.3) 0 0
Hypothyroidism 53 (7.8) 0 1 (0.3) 0 18 (22.8) 0
Pyrexia 40 (5.9) 2 (0.3) 17 (5.5) 1 (0.3) 8 (10.1) 0
Arthralgia 38 (5.6) 2 (0.3) 18 (5.8) 0 8 (10.1) 0

Immune-mediated AEs and infusion reactions,b n (%)
Hypothyroidism 60 (8.8) 0 1 (0.3) 0 20 (25.3) 0
Pneumonitis 40 (5.9) 18 (2.6) 6 (1.9) 2 (0.6) 7 (8.9) 2 (2.5)
Hyperthyroidism 33 (4.8) 1 (0.1) 3 (1.0) 0 7 (8.9) 0
Infusion reactions 15 (2.2) 3 (0.4) 20 (6.5) 2 (0.6) 0 0
Severe skin reactions 11 (1.6) 7 (1.0) 1 (0.3) 1 (0.3) 2 (2.5) 0
Adrenal insufficiency 6 (0.9) 1 (0.1) 0 0 2 (2.5) 1 (1.3)
Colitis 6 (0.9) 4 (0.6) 0 0 1 (1.3) 0
Thyroiditis 6 (0.9) 0 0 0 2 (2.5) 0
Pancreatitis 5 (0.7) 3 (0.4) 0 0 1 (1.3) 1 (1.3)
Hypophysitis 4 (0.6) 3 (0.4) 0 0 2 (2.5) 2 (2.5)
Myositis 4 (0.6) 0 1 (0.3) 0 0 0
Hepatitis 3 (0.4) 1 (0.1) 0 0 0 0
Type 1 diabetes mellitus 3 (0.4) 3 (0.4) 0 0 0 0
Nephritis 1 (0.1) 1 (0.1) 0 0 0 0

Note: AEs were monitored through 30 days after the end of treatment (90 d for serious AEs). The National Cancer Institute Common Terminology Criteria for
Adverse Events version 4.0 were used to grade severity.
aIncludes events that occurred in �10% of patients in either treatment group or among patients who completed 35 cycles of pembrolizumab.
bEvents were based on a list of terms specified at the time of analysis and were included regardless of attribution to study treatment or immune relatedness by
the investigator. Related terms were included.
AE, adverse events.
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pembrolizumab. Two had grade 3 treatment-related
AEs: one patient with pneumonitis and one patient
with increased alanine aminotransferase, aspartate
aminotransferase, and gamma-glutamyl transferase. No
grade 4 or 5 treatment-related AEs occurred during the
second course. All 10 of these patients had treatment-
related AEs during the first course.

Clinical Outcomes in the tTMB-Evaluable
Population

Of the 1034 randomized patients, 254 (24.6%) had
samples evaluable for analysis of tTMB by WES. One
patient in the tTMB-evaluable population was excluded
from the efficacy analyses because (as noted previously)
it was not possible to adequately assess this patient’s
tumor response (Supplementary Fig. 2). Baseline char-
acteristics were similar in the tTMB-evaluable popula-
tion compared with the overall population
(Supplementary Table 1). OS, PFS, and ORR outcomes for
pembrolizumab versus docetaxel were similar in the
tTMB-evaluable population and in the overall efficacy
population (Supplementary Table 2).

When assessed as a continuous variable, higher tTMB
was significantly associated with improved OS, PFS, and
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ORR for patients receiving pembrolizumab (Wald test,
one-sided p � 0.005 for all) but not in patients who
received docetaxel (Wald test, two-sided p > 0.05 for all)
(Supplementary Table 3). There was no correlation be-
tween tTMB and PD-L1 TPS in either the pembrolizumab
group (r ¼ 0.16) or the docetaxel group (r ¼ 0.18)
(Supplementary Fig. 3).

The clinical utility of tTMB as a biomarker for pem-
brolizumab was assessed in 253 patients with evaluable
tTMB and with available PFS and OS data. Among these
patients, 132 (52.2%) had tTMB �175 mut/exome (the
prespecified tTMB cutpoint; pembrolizumab, n ¼ 81;
docetaxel, n ¼ 51) and 121 patients (47.8%) had tTMB
<175 mut/exome (pembrolizumab, n ¼ 83; docetaxel,
n ¼ 38). The HR (95% CI) for OS was 0.54 (0.37‒0.79)
among patients with tTMB �175 mut/exome and 0.87
(0.58‒1.31) in patients with tTMB <175 mut/exome.
Similarly, the HR (95% CI) for PFS was 0.61 (0.42‒0.89)
and 1.05 (0.70‒1.56) in the tTMB �175 and tTMB <175
mut/exome groups, respectively (Fig. 4A and B). ORR
was higher among patients with tTMB �175 mut/exome
who received pembrolizumab versus docetaxel (24.7%
versus 9.8%), whereas in patients with tTMB <175 mut/
exome, the ORR favored patients who received docetaxel
(16.9% versus 21.1%; Fig. 4C).
Discussion
In this 5-year long-term follow-up analysis of the

KEYNOTE-010 study of pembrolizumab versus docetaxel
in patients with previously treated, PD-L1‒positive
advanced NSCLC, pembrolizumab continued to improve
OS than docetaxel in patients with PD-L1 TPS �50% and
TPS �1%. Outcomes among patients in the pem-
brolizumab group represented a clinically meaningful
improvement over docetaxel with 5-year OS rates of
25.0% versus 8.2% in patients with PD-L1 TPS�50% and
15.6% versus 6.5% in patients with PD-L1 TPS �1%,
despite 22.2% of patients in the docetaxel group crossing
over to either pembrolizumab on-study or other anti‒PD-
(L)1 immunotherapies. Median OS among patients in the
pembrolizumab group was 16.9 versus 8.2 months for
patients in the docetaxel group (HR ¼ 0.55) among those
with PD-L1 TPS �50% and 11.8 versus 8.4 months (HR ¼
0.70), respectively, among those with PD-L1 TPS greater
than or equal to 1%. These data extend and confirm
findings from previous analyses of KEYNOTE-010, in
which pembrolizumab was found to improve OS versus
assessment is per RECIST version 1.1 by independent central r
basis of treatment decisions. *One patient received a second co
having completed 35 cycles/2 years of first-course pembrolizu
immune-related response criteria; irRC, immune-related respo
RECIST, Response Evaluation Criteria in Solid Tumors; SD, stabl
docetaxel.2,9 Consistent with OS, HRs for PFS favored the
pembrolizumab group. Notably, our findings are consis-
tent with 5-year OS outcomes from the single-arm phase
1b KEYNOTE-001 study of pembrolizumab (2 or 10 mg/
kg) in patients with advanced NSCLC, in which the 5-year
OS rate was 25.0% among previously treated patients
with PD-L1 TPS �50% and 15.5% in previously treated
patients with PD-L1 TPS �1%.13 A pooled analysis of the
phase 3 CheckMate 017 and CheckMate 057 studies
revealed a 5-year OS rate of 13.4% with nivolumab versus
2.6% with docetaxel.14 Finally, in an updated analysis of
the OAK study, atezolizumab revealed a 4-year OS rate of
15.5%.15 In all studies, 5-year OS was higher with anti‒
PD-(L)1 therapy than the historical 5-year relative sur-
vival rate of 6.9% for patients with distant metastases in
the United States from 2010 to 2016.16

Pembrolizumab monotherapy revealed long-term re-
sponses in a subset of patients who completed 35 cycles
or 2 years of treatment. Responses were durable among
these patients, with some patients having a response
duration exceeding 5 years. Most of these patients
(77.2%) were alive at data cutoff. These results are
consistent with outcomes in patients from KEYNOTE-001,
who received 2 or more years of pembrolizumab treat-
ment with an ORR of 91% among patients in the previ-
ously treated group and a 5-year OS rate of 75.8%.13

Notably, most patients who received second-course
pembrolizumab had disease control (i.e., an objective
response or stable disease) during treatment, illustrating
the effectiveness of retreatment in initial responders at
the time of progression after completing 2 years of
pembrolizumab treatment. Findings from the KEYNOTE-
024 study were consistent with these findings: in that
study, 4 of 12 patients (33.3%) who received second-
course pembrolizumab after disease progression, with
an additional six patients having stable disease.17

Potentially, a meta-analysis of outcomes among pa-
tients who have received second-course pembrolizumab
treatment in clinical studies may be warranted to pro-
vide more definitive results. An exploratory analysis
from the CheckMate 153 study evaluated outcomes
among patients with previously treated NSCLC who
ceased treatment with the anti–PD-1 monoclonal anti-
body nivolumab at 1 year (with an option of subsequent
retreatment) compared with those who received
continuous treatment after 1 year and found that median
PFS was longer for patients in the continuous group
(24.7 mo versus 9.4 mo).18
eview; PD is per irRC by investigator review, as this was the
urse of pembrolizumab but did not meet eligibility criteria for
mab. CR, complete response; irPD, progressive disease per
nse criteria; PD, progressive disease; PR, partial response;
e disease.
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Several studies have found that higher levels of tTMB
are associated with response among patients receiving
pembrolizumab.19,20 However, there have been limited
data supporting this hypothesis derived from controlled
studies. In the current exploratory analysis, tTMB �175
mut/exome was associated with improved clinical out-
comes (OS, PFS, and ORR) for pembrolizumab versus
docetaxel. Our findings are consistent with those from an
analysis of outcomes by tTMB in the KEYNOTE-042
study, which showed an association between tTMB
�175 mut/exome and improved outcomes (OS, PFS, and
ORR) for pembrolizumab in patients with previously
untreated advanced NSCLC with a PD-L1 TPS �1%.21

The finding of an association with OS contrasts with
other studies evaluating tTMB as a biomarker for anti–
PD-(L)1 therapies in patients with advanced NSCLC,
which have identified associations only with PFS and
ORR.22-24 Because there was no strong association be-
tween tumor PD-L1 expression and tTMB, this finding is
likely not due to increased tumor PD-L1 expression
among patients with higher tTMB. These findings
suggest that tTMB may provide additional information
regarding the clinical benefit of pembrolizumab mon-
otherapy in patients with PD-L1–positive advanced
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NSCLC in the first-line and previously treated settings.
The exploratory analysis of tTMB had several limita-
tions. tTMB ascertainment was low; therefore, only a
small subset of the intent-to-treat population was
included. In addition, because KEYNOTE-010 only
included patients with PD-L1 TPS �1%, the study
cannot provide information on the potential predictive
value of tTMB in patients whose tumors do not
express PD-L1.

The present analysis confirms the efficacy of pem-
brolizumab as second-line or later treatment for
advanced NSCLC. Notably, in the first-line setting,
pembrolizumab has been reported to improve OS in
patients with NSCLC as monotherapy (in patients with
PD-L1–expressing tumors)3,7 and when combined with
platinum-based chemotherapy (irrespective of tumor PD-
L1 expression),4-6 suggesting first-line pembrolizumab
options may provide greater benefit. In the real-world
setting, approximately 50% of patients with advanced
NSCLC do not receive second-line therapy because of
rapid clinical deterioration.25 Consequently, delaying
pembrolizumab to second line may deprive patients of
potential treatment benefit from pembrolizumab in the
first-line setting. In the phase 3 KEYNOTE-024 study, the
5-year OS rate among patients with metastatic NSCLC
with PD-L1 TPS �50% and without EGFR or ALK alter-
ations was 31.9% for those in the pembrolizumab group
versus 16.3% for those in the platinum-based chemo-
therapy group.17 Findings from the current study, more
than any other, have revealed the predictive value of the
PD-L1 IHC 22C3 pharmDx assay.

In this updated analysis, no new safety signals were
identified for pembrolizumab with long-term follow-up.
AEs were manageable among patients who received
second-course pembrolizumab after disease progression,
with no grade 4 or 5 treatment-related AEs reported
during the second course. The updated safety data are
consistent with the long-term (5-y) safety profile
observed in the phase 1 KEYNOTE-001 study.13 Notably,
the rate of any treatment-related AEs, grade 3 to 5 AEs,
and treatment-related AEs leading to discontinuation or
death was lower in patients who received pem-
brolizumab versus those who received docetaxel. These
results support the long-term tolerability of pem-
brolizumab monotherapy.

In conclusion, pembrolizumab continued to provide
long-term OS and PFS benefit than docetaxel in patients
with previously treated, PD-L1–expressing advanced
NSCLC. Treatment benefit was observed in patients who
received 35 cycles/2 years of pembrolizumab and in
those who received second-course pembrolizumab.
Exploratory analyses suggested an association between
tTMB �175 mut/exome and pembrolizumab treatment
effect.
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