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abstract

PURPOSE Pembrolizumab monotherapy has demonstrated durable antitumor activity in advanced programmed
death ligand 1 (PD-L1)–expressing non‒small-cell lung cancer (NSCLC). We report 5-year outcomes from the
phase Ib KEYNOTE-001 study. These data provide the longest efficacy and safety follow-up for patients with
NSCLC treated with pembrolizumab monotherapy.

PATIENTS AND METHODS Eligible patients had confirmed locally advanced/metastatic NSCLC and provided
a contemporaneous tumor sample for PD-L1 evaluation by immunohistochemistry using the 22C3 antibody.
Patients received intravenous pembrolizumab 2 mg/kg every 3 weeks or 10 mg/kg every 2 or 3 weeks. In-
vestigators assessed response per immune-related response criteria. The primary efficacy end point was
objective response rate. Overall survival (OS) and duration of response were secondary end points.

RESULTSWe enrolled 101 treatment-naive and 449 previously treated patients. Median follow-up was 60.6 months
(range, 51.8 to 77.9 months). At data cutoff—November 5, 2018—450 patients (82%) had died. Median OS was
22.3 months (95% CI, 17.1 to 32.3 months) in treatment-naive patients and 10.5 months (95% CI, 8.6 to
13.2 months) in previously treated patients. Estimated 5-year OS was 23.2% for treatment-naive patients and
15.5% for previously treated patients. In patients with a PD-L1 tumor proportion score of 50% or greater, 5-year OS
was 29.6% and 25.0% in treatment-naive and previously treated patients, respectively. Compared with analysis at
3 years, only three new-onset treatment-related grade 3 adverse events occurred (hypertension, glucose intolerance,
and hypersensitivity reaction, all resolved). No late-onset grade 4 or 5 treatment-related adverse events occurred.

CONCLUSION Pembrolizumab monotherapy provided durable antitumor activity and high 5-year OS rates in
patients with treatment-naive or previously treated advanced NSCLC. Of note, the 5-year OS rate exceeded 25%
among patients with a PD-L1 tumor proportion score of 50% or greater. Pembrolizumab had a tolerable long-
term safety profile with little evidence of late-onset or new toxicity.
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INTRODUCTION

For patients with non‒small-cell lung cancer (NSCLC),
median overall survival (OS) and 5-year survival rates
have historically been poor. In the United States, 5-year
survival between 2008 and 2014was 24% for all patients
with NSCLC and 5.5% for those with distantmetastases.1

The introduction of novel agents and use of predictive
biomarkers have resulted in improved outcomes for
patients with advanced/metastatic NSCLC2,3; however,
the extent to which these new approaches have altered
long-term survival outcomes has been uncertain.

The introduction of agents that promote tumor rec-
ognition by the immune system by inhibiting signaling

between the programmed death-1 receptor and pro-
grammed death ligand 1 (PD-L1) and programmed
death ligand 2 (PD-L2) has been an important recent
advance in the treatment of NSCLC.4,5 Pembrolizumab
is a monoclonal antibody that binds the programmed
death-1 receptor and blocks its interaction with PD-L1
and PD-L2.5,6 Antitumor activity and acceptable tox-
icity of pembrolizumab monotherapy in patients with
advanced NSCLC—treatment naive and previously
treated—were first demonstrated in the phase Ib
KEYNOTE-001 study.7 Of note, patients with a PD-L1
tumor proportion score (TPS) of 50% or greater
achieved a higher objective response rate (ORR) and
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median OS compared with patients with lower/absent tu-
mor PD-L1 expression. Results from the KEYNOTE-001
study led to accelerated approval of pembrolizumab in
patients with TPS 50% or greater, approval of the assay to
assess PD-L1, and the incorporation of pembrolizumab into
NSCLC treatment guidelines.2,3

These results were validated in the KEYNOTE-010 study,
which demonstrated improved OS with pembrolizumab
versus docetaxel among patients with previously treated
advanced NSCLC with PD-L1 TPS of 1% or greater.8 In the
first-line setting, pembrolizumab improved OS versus
platinum-based chemotherapy in patients with advanced
NSCLC without EGFR/ALK alterations and PD-L1 TPS of
50% or greater (KEYNOTE-024)9 and PD-L1 TPS of 1% or
greater (KEYNOTE-042).10

Pembrolizumab in combination with platinum doublet
chemotherapy is now considered a standard-of-care first-
line therapy based on improved OS with the combination
versus platinum-based chemotherapy plus placebo in the
KEYNOTE-189 (nonsquamous)11 and KEYNOTE-407
(squamous)12 studies. However, for patients with PD-L1
TPS of 50% or greater, pembrolizumab monotherapy is
often used rather than pembrolizumab plus chemotherapy
based on similar outcomes in cross-study comparisons.13

Because the KEYNOTE-001 study was the first to eval-
uate pembrolizumab in patients with advanced NSCLC, it
provides the longest follow-up to date for pembrolizumab
monotherapy in patients with advanced NSCLC. Herein
we report 5-year efficacy and safety outcomes.

PATIENTS AND METHODS

Patients

Full details of the study design (with amendments) for the
NSCLC cohorts of KEYNOTE-001 have been reported
previously.7,14 Eligible patients for NSCLC cohorts (other cohorts
enrolled patients with locally advanced/metastatic cancer or
melanoma) were age 18 years or older with locally advanced/
metastatic NSCLC, measurable disease per immune-related
response criteria (irRC),15 Eastern Cooperative Oncology Group
performance status of 1 or less, and a contemporaneous biopsy
sample. Patients who were eligible for the treatment-naive
cohort had no previous systemic treatment for advanced dis-
ease or adjuvant treatment within the previous year, no EGFR
mutation and/or ALK translocation (with the exception of 11
patients who were enrolled before a protocol amendment on
March 28, 2013), and a PD-L1 TPS of 1% or greater. Patients
who were eligible for the previously treated cohorts had ex-
perienced treatment failure while receiving one or more or two
or more systemic therapies for advanced disease, depending
on the cohort. Patients were excluded if they had active CNS
disease—unless clinically stable 4 or more weeks after treat-
ment of brain metastases—or autoimmune disease that re-
quired systemic corticosteroids and/or immunosuppressive
agents.

The protocol was approved by the institutional review
board/ethics committee at each study site. All patients
provided written informed consent.

Study Design and Treatment

The study design for the KEYNOTE-001 NSCLC cohorts has
been reported previously.7,14 Patients received pem-
brolizumab intravenously at a dose of 2 mg/kg every
3 weeks or 10 mg/kg every 2 weeks or 3 weeks. Treatment
continued until disease progression, intolerable toxicity,
investigator decision, or patient withdrawal. After a protocol
amendment in April 2016, all patients were switched from
their assigned regimen to pembrolizumab 200 mg every
3 weeks, and patients who achieved a partial response or
stable disease who had received 24 months of treatment
could discontinue, with treatment resuming if they expe-
rienced disease progression/recurrence.

End Points and Assessments

The primary efficacy end point was ORR. Imaging was
performed every 9 weeks in the first 2 years, every 16 weeks
in year 3, and every 6 months thereafter. Response was
assessed by independent central review per Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1,16

(until April 2016 when independent central assessment
ceased in order to ease the burden on study sites) and by
investigators per irRC.15 In this analysis, we report response
per investigator-assessed irRC.

OS and duration of response (DOR; time from the first
confirmed response to time of the first documentation
of disease progression) were secondary efficacy end
points. Survival was assessed every 2 months after the
discontinuation of pembrolizumab. Adverse events (AEs)
were recorded and graded using the National Cancer In-
stitute Common Terminology Criteria for Adverse Events
(version 4.0).

PD-L1 expression on tumor biopsy samples was assessed
using immunohistochemistry using antibody clone 22C3
(Merck & Co., Inc, Kenilworth, NJ).17 For study enroll-
ment, positivity was quantified with a prototype assay,
which defined positivity as membranous staining on 1% or
more of tumor cells or a distinctive staining pattern caused
by mononuclear inflammatory cell infiltrates.7,17 To de-
termine correlations between PD-L1 expression and ef-
ficacy outcomes, PD-L1 was assessed by a clinical assay
that defined positivity on the basis of tumor cell staining
only.17 Although both assays used the same antibody,
differences in evaluation occurred, including around the
1% cut point.7

Statistical Analysis

Efficacy and safety analyses included patients who re-
ceived one or more pembrolizumab dose. Because efficacy
and toxicity were similar regardless of dose or schedule,18

pembrolizumab dose groups were pooled for treatment-
naive and previously treated patient cohorts. Among
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previously treated patients, there were multiple cohorts
on the basis of PD-L1 expression and the number of prior
therapies; these cohorts were also pooled. We estimated
ORR and its 95% CI using the binomial exact method. We
estimated OS and DOR using the Kaplan-Meier method.
Median follow-up was calculated as the time from ran-
dom assignment/first treatment to data cutoff for all
patients.

RESULTS

Patients and Treatment

A total of 550 patients (101 treatment-naive and 449
previously treated) were enrolled between May 9, 2012,
and July 13, 2014 (Data Supplement). Baseline de-
mographic and clinical characteristics are listed in
Table 1. As of the data cutoff—November 5, 2018—
median follow-up was 60.6 months (range, 51.8 to 77.9
months). Median treatment duration was 3.3 months
(range, 1 day to 75.9 months). One hundred patients were
still alive at the time of analysis. Sixty patients—14 (14%)
of 101 patients in the treatment-naive group and 46 (10%)
of 449 patients in the previously treated group—received 2 or
more years of treatment with pembrolizumab. Disposition of
patients is described in the Data Supplement. One patient in
the previously treated group ceased treatment after 44.4
months and upon experiencing disease progression at 47.2
months, began a second course of pembrolizumab, as
permitted by the study protocol. The patient experienced
a partial response during the second course of treatment,
which continued until progressive disease occurred at 53.7
months.

Efficacy

Seventy-five treatment-naive patients (74.3%) and 375
previously treated patients (83.5%) had died. Median OS
was 22.3 months (95% CI, 17.1 to 32.3 months) for
treatment-naive patients and 10.5 months (95% CI, 8.6 to
13.2 months) for previously treated patients (Figs 1A and
1B). The Kaplan-Meier estimate of OS at 5 years was 23.2%
among treatment-naive patients and 15.5% among pre-
viously treated patients. Among treatment-naive patients,
OS rates at 2 years, 3 years, and 4 years were 49.0%,
37.0%, and 31.0%, respectively. Among previously treated
patients, OS rates at 2 years, 3 years, and 4 years were
30.1%, 20.9%, and 18.2%, respectively.

OS among select subgroups is summarized in Table 2.
Outcomes by PD-L1 expression in EGFR-mutant patients
are described in the Data Supplement.

Forty-two patients (41.6% [95% CI, 31.9% to 51.8%]) in
the treatment-naive group and 103 patients (22.9% [95%
CI, 19.1% to 27.1%]) in the previously treated group had
a confirmed objective response per irRC by investigator
assessment (Table 3). Of note, ORR by investigator-
assessed irRC was higher than that per central review by
RECIST version 1.1 (as previously reported7), particularly

among treatment-naive patients. Three patients achieved
complete response in the treatment-naive group, and five
achieved complete response in the previously treated
group. Most responses occurred shortly after the initiation
of therapy (Fig 2). Among 145 patients who experienced
a response, 105 (72%) and 133 (92%) achieved response
within 3 months and 6 months, respectively, of initiating
treatment. Median time to response was 2.1 months (range,
1.7 to 9.5 months) and 2.1 months (range, 1.6 to 14.7
months) for treatment-naive and previously treated patients,

TABLE 1. Patient Demographics and Baseline Disease Characteristics
Demographic or
Characteristic

Treatment Naive
(N = 101)

Previously Treated
(N = 449)

Median age, years (range) 68 (39 to 93) 62 (28 to 85)

Sex

Male 60 (59) 229 (51)

Female 41 (41) 220 (49)

ECOG performance status

0 44 (44) 148 (33)

1 57 (56) 299 (67)

Unknown 0 2 (, 1)

Smoking history

Current or former 90 (89) 324 (72)

Never 11 (11) 125 (28)

Histology

Squamous 19 (19) 76 (17)

Nonsquamous 79 (78) 367 (82)

Other or not specified 3 (3) 6 (1)

Molecular alterations*

EGFR mutation† (n = 98) (n = 429)

3 (3) 74 (17)

KRAS mutation‡ (n = 44) (n = 283)

12 (27) 74 (26)

ALK translocation† (n = 94) (n = 392)

1 (1) 8 (2)

Previous systemic therapy§

0 93 (92) 0

1 7 (7) 81 (18)

2 1 (1) 139 (31)

$ 3 0 229 (51)

NOTE. Values are No. (%) unless otherwise indicated.
Abbreviation: ECOG, Eastern Cooperative Oncology Group.
*Excluding patients with unknown status.
†The initial study protocol did not require testing for EGFR and ALK

status. A later protocol amendment required EGFR and ALK testing
and excluded treatment-naive patients from enrolling if they had
sensitizing EGFR or ALK alterations.
‡Evaluation of KRAS status was not required for enrollment. This

information was volunteered by the treating physician.
§Includes (neo)adjuvant therapy.
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respectively. Eighteen treatment-naive patients (43%) and
61 previously treated patients (59%) had an ongoing re-
sponse. Among patients with an objective response,
median DOR was 16.8 months (range, 2.1+ to 55.7+
months) in treatment-naive patients and 38.9 months
(range, 1.0+ to 71.8+ months) in previously treated patients
(Table 3; plus signs in ranges indicate non–disease pro-
gression at the last assessment [censored] for the patient
with the minimum/maximum response duration).

PD-L1 TPS of 50% or greater was associated with longer
OS.7 In the treatment-naive group, median OS was

35.4 months (95% CI, 20.3 to 63.5 months), and the 5-
year OS rate was 29.6% among patients with PD-L1
TPS of 50% or greater. There were too few patients (n =
12) in the group of treatment-naive PD-L1 TPS less
than 1% to evaluate OS; however, median OS was
19.5 months (95% CI, 10.7 to 26.3 months) with 5-year
OS of 15.7% among patients with PD-L1 TPS of 1% to
49% (Fig 1C). Among previously treated patients with PD-
L1 TPS of 50% or greater, median OS was 15.4 months
(95% CI, 10.6 to 18.8 months) and the 5-year OS rate was
25.0% compared with 8.5 months (95% CI, 6.0 to 12.6
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FIG 1. Kaplan-Meier estimates of 5-year overall survival. (A) Treatment-naive patients. (B) Previously treated patients. (C) Treatment-naive patients by
programmed death ligand 1 (PD-L1) tumor proportion score (TPS) status. (D) Previously treated patients by PD-L1 TPS status. NOTE. There were too few
patients (n = 12) in the treatment-naive PD-L1 TPS , 1% group to evaluate overall survival (OS).
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months) and 12.6% among patients with PD-L1 TPS of

1% to 49% and 8.6 months (95% CI, 5.5 to 10.6 months)

and 3.5% among patients with PD-L1 TPS of 1% or less

(Fig 1D). When OS and ORR were evaluated in quartiles
defined by baseline PD-L1 expression—among all treated
patients—higher PD-L1 expression was associated with
longer median OS, higher 5-year OS rate, and higher ORR
(Data Supplement). Clinicopathologic characteristics
among patients with or without a response are summa-
rized in the Data Supplement.

Among 100 patients who were alive at the time of data cutoff,
78 (78%) had experienced an objective response (20 [77%]

of 26 patients in the treatment-naive group and 58 [78%] of
74 patients in the previously treated group). Among pa-
tients still alive, one in the treatment-naive group and five
in the previously treated group achieved complete
responses.

Of the 60 patients who received 2 or more years of
treatment with pembrolizumab, 46 were alive at data
cutoff, with an estimated 5-year OS rate of 78.6% in the
treatment-naive group (n = 14) and 75.8% in the pre-
viously treated group (n = 46). Among patients who
completed 2 or more years of pembrolizumab therapy, 12
(86%) of 14 patients in the treatment-naive group and 42

TABLE 3. Confirmed Objective Response by Immune-Related Response Criteria per Investigator Assessment
Variable Treatment Naive (N = 101) Previously Treated (N = 449)

Objective response rate, No. 42 103

% (95% CI) 41.6 (31.9 to 51.8) 22.9 (19.1 to 27.1)

Best overall response

Complete response 3 (3.0) 5 (1.1)

Partial response 39 (38.6) 98 (21.8)

Stable disease 42 (41.6) 160 (35.6)

Progressive disease 10 (9.9) 124 (27.6)

No assessment 7 (6.9) 62 (13.8)

Disease control rate* 84 (83.2) 263 (58.6)

Median time to response, months (range) 2.1 (1.7 to 9.5) 2.1 (1.6 to 14.7)

Duration of response

Patients with a response who had not progressed 18 (43) 61 (59)

Median duration of response, months (range) 16.8 (2.1+ to 55.7+) 38.9 (1.0+ to 71.8+)

NOTE. Values are No. (%) unless otherwise indicated. + indicates censoring.
*Complete response plus partial response plus stable disease.

TABLE 2. Overall Survival in Selected Subgroups

Characteristic

Treatment-Naive Patients (N = 101) Previously Treated Patients (N = 449)

Events, n/N
Median OS, Months

(95% CI)
5-Year OS Rate, %

(95% CI)
Events,
n/N

Median OS, Months
(95% CI)

5-Year OS Rate, %
(95% CI)

Smoking history

Current or former 66/90 22.1 (16.7 to 32.3) 26.4 (17.6 to 36.0) 268/324 12.0 (9.2 to 14.3) 16.8 (12.8 to 21.3)

Never* 9/11 28.4 (16.2 to 59.8) Not estimable† 107/125 7.6 (5.9 to 11.4) 12.0 (6.9 to 18.6)

Histology

Squamous 17/19 15.6 (6.0 to 21.0) 5.6 (0.4 to 22.4) 58/76 14.3 (9.2 to 17.7) 23.4 (14.3 to 33.7)

Nonsquamous 55/79 28.4 (21.5 to 39.4) 27.7 (16.3 to 40.3) 312/367 9.3 (7.3 to 12.2) 13.9 (10.5 to 17.8)

EGFR status‡

Mutant NA NA NA 65/74 6.0 (4.4 to 8.8) 7.9 (2.9 to 16.1)

Wild type NA NA NA 295/355 11.9 (9.2 to 14.0) 16.4 (12.6 to 20.6)

Abbreviations: n, number of patients who died; N, number of patients in the subgroup; NA, not assessed; NE, not estimable; OS, overall survival.
*Patient number in the never-smoked subgroup in the treatment-naive group is too small to draw any conclusions regarding OS.
†No evaluable patients at 5 years.
‡After study initiation, the protocol was amended to require testing and exclusion of treatment-naive patients with EGFR or ALK alterations.
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(91%) of 46 patients in the previously treated group ex-
perienced an objective response. Median DOR was
52.0 months (range, 10.2 to 55.7+ months) and not
reached (range, 12.5 to 71.8+ months), respectively.
Seven treatment-naı̈ve patients (58%) and 30 previously
treated patients (71%) had an ongoing response at data
cutoff. In addition to the 54 patients with a response who
completed 2 or more years of treatment (of 145 patients
with a response), six patients with stable disease

completed 2 or more years of treatment (202 patients
with stable disease), two of whom had died.

Safety

Treatment-related AEs occurred in 388 (71%) of 550
patients. Grade 3 to 5 treatment-related AEs occurred in
69 patients (13%). Only three additional treatment-
related grade 3 to 5 AEs occurred during follow-up
after analysis at 3 years14: hypertension, glucose

TPS ≥ 50%

TPS unknown

TPS < 1%

TPS 1–49%

CR

Last dose

PD

Death

Second course§

PR

0 12 24 36

Time (months)
48 60 72

*

A

0 12 24 36

Time (months)
48 60 72 84

*

B

*
*

*

FIG 2. Time to response and time to progression by immune-related response criteria (irRC) per investigator assessment. Bars indicate time to last follow-up
or disease progression, whichever occurred earlier. Response per irRC per investigator assessment, rather than per RECIST version 1.1, is reported for this
analysis because central assessment of response ceased in April 2016. If the investigator considered a patient to be experiencing clinical benefit with
continued treatment after disease progression and the patient was clinically stable and tolerating pembrolizumab, he or she was permitted to continue on
pembrolizumabwith the approval of the study sponsor. (A) Treatment-naive patients. (B) Previously treated patients. (*) Four patients in the previously treated
group and one patient in the treatment-naive group received 3 or more years of pembrolizumab therapy and experienced disease progression. Baseline
characteristics for these patients are summarized in the Data Supplement. (§) One patient in the previously treated group (marked with a purple triangle)
received a second course of pembrolizumab therapy. The patient experienced a partial response (PR) during the first course and continued therapy for 44.4
months. After progressive disease (PD) at 47.2 months, the patient initiated a second course of pembrolizumab at 48.0 months and achieved a PR at 50.9
months. The patient received his last dose of pembrolizumab at 53.0months and subsequently experienced PD at 53.7months and died at 55.8months. CR,
complete response; PD-L1, programmed death ligand 1; TPS, tumor proportion score.
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intolerance, and hypersensitivity reaction—all grade 3
and all resolved. Serious AEs occurred in 228 patients
(42%), including 50 (9%) who had treatment-related
serious AEs. Treatment-related AEs led to treatment
discontinuation in 31 patients (6%), of whom nine are
still alive and seven have an ongoing response. As
previously reported,7,14 two patients died as a result of
a treatment-related AE—interstitial lung disease (day
12) and cardiopulmonary arrest (day 32).

Overall, 92 patients (17%) experienced an immune-mediated
AE, regardless of attribution to therapy by investigators, and
32 were still alive at data cutoff. Incidence of immune-
mediated AEs at 3 and 5 years of follow-up is shown in Fig 3.
The most common immune-mediated AEs (all grades) were
hypothyroidism (9%), pneumonitis (5%), and hyperthy-
roidism (2%). Twenty-one patients (4%) had grade 3 to
5 immune-mediated AEs. The only grade 3 to 5 immune-
mediated AEs to occur in more than one patient were
pneumonitis (n = 12; 2%), severe skin reaction (n = 4;
, 1%), and colitis (n = 3; , 1%).

DISCUSSION

Five-year outcomes from the KEYNOTE-001 study rep-
resent the longest follow-up of patients with advanced/
metastatic NSCLC who received pembrolizumab. Overall,
it is clear that these outcomes represent a clinically
meaningful improvement over the 5-year OS rate of 5.5%
that was achieved with standard-of-care cytotoxic che-
motherapies in the period immediately before the in-
troduction of immunotherapies for the treatment of

advanced/metastatic NSCLC.1 Given the single-arm na-
ture of the KEYNOTE-001 study and the consequent
absence of a comparator arm, the magnitude of any
clinical benefit attributable to pembrolizumab cannot be
quantified, and the predictive value of tumor PD-L1 ex-
pression cannot be fully evaluated in this exploratory
analysis. However, efficacy outcomes in this study and the
observed association between tumor PD-L1 expression
and OS are consistent with data from randomized con-
trolled trials with more limited follow-up, including KEY-
NOTE-010, KEYNOTE-024, and KEYNOTE-042.8,19,20

Taken together, these data provide support for an asso-
ciation between PD-L1 TPS assessed using the PD-L1
immunohistochemistry 22C3 pharmDx assay (Agilent
Technologies, Carpinteria, CA)21 and long-term outcomes
among patients who received pembrolizumab monotherapy
for advanced NSCLC. The results highlight the potential for
long-term benefit thatmay be realized through individualized
treatment selection.

The durability of responses achieved during pembrolizumab
treatment appeared to be an important contributor to the OS
outcomes. A subgroup of patients were not only alive at
5 years but also achieved durable responses, with some
patients in both the treatment-naive and previously treated
groups having response durations of 4 or more years. Among
the 60 patients who received 2 or more years of pem-
brolizumab treatment, more than 85% experienced an
objective response, and the 5-year OS rate exceeded 75%.
Of note, among patients in this group, median DOR was
52.0 months for treatment-naive patients and had not been
reached for previously treated patients. These results are
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FIG 3. Immune-mediated adverse events at 3 years (September 6, 2016) and at 5 years (November 5, 2018) of
follow-up. Immune-mediated AEs were classified based on a list of preferred terms identified by the sponsor as
having an immune etiology. Because there were changes in events included in this list between the 3- and 5-year
analyses, certain events classified as immune-mediated at 3 years may not have been so-classified at 5 years.
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consistent with findings from an analysis of the KEYNOTE-
010 study in which the ORR (95%) and 3-year OS rate
(98.7%)were high among patients who completed 2 years of
treatment.20 The importance of achieving an objective re-
sponse is further emphasized by the finding that the majority
of patients who were still alive had achieved an objective
response: among 100 patients who were alive at the time of
analysis—of whom 46 had received 2 or more years of
pembrolizumab therapy—78% had an objective response.
No clinicopathologic characteristic appeared to differentiate
between patients with a response who were alive at the data
cutoff versus those who were not.

Long-term analyses from randomized controlled studies,
albeit with shorter follow-up than in our analysis of KEY-
NOTE-001, have consistently demonstrated improved OS
rates with pembrolizumab versus cytotoxic chemotherapy.
In an updated analysis of the KEYNOTE-010 study in pa-
tients with previously treated NSCLC, among those with
PD-L1 TPS of 50% or greater, the 3-year OS rate was 35%
for patients who received pembrolizumab compared with
13% for patients who received docetaxel (median OS:
16.9 months v 8.2 months), whereas among those with
PD-L1 TPS of 1% or greater, 3-year OS rates were 23%
and 11%, respectively (median OS: 11.8 months v 8.4
months).20 In the first-line setting in patients with PD-L1
TPS of 50% or greater, an updated analysis of the KEY-
NOTE-024 study found a 2-year OS rate of 51.5% for
pembrolizumab versus 34.5% for platinum-based che-
motherapy (median OS: 30.0 months v 14.2 months).22

Data from randomized trials have thus shown data that are
similar to that of the single-arm KEYNOTE-001 study at
analogous time points and suggest that patients with PD-L1
TPS of 50% or greater may derive greater absolute benefit
from pembrolizumab as a first-line therapy than as a sec-
ond-line therapy.

Five-year OS rates were high and median OS was long
across all subgroups evaluated, although assessment of
these outcomes should be interpreted with caution given
the limited numbers of patients in certain subgroups.
Consistent with the KEYNOTE-001 results reported at
1 year and 3 years of follow-up,7,14 nonsquamous histology
was associated with higher 5-year OS among treatment-
naive patients, whereas the opposite was found for pre-
viously treated patients. Although a similar difference in
outcome was observed for patients who used tobacco, with
current or former smokers versus those associated with
higher 5-year OS among previously treated patients, it
should be noted that the number of never-smokers in the
treatment-naive group was small (n = 11). The association
between EGFR mutation and shorter median OS and

lower 5-year OS rate among previously treated patients
is consistent with the findings from a meta-analysis of
three studies in previously treated patients (nivolumab v
docetaxel [CheckMate-057]; pembrolizumab v docetaxel
[KEYNOTE-010]; and atezolizumab v docetaxel [POPLAR]).23

Although it is anticipated that agents that target specific ge-
nomic abnormalities may increase the 5-year survival rate for
appropriate populations, PD-L1 TPS of 50% or greater
identifies a population of patients with NSCLC who may
derive long-term survival benefit from pembrolizumab
monotherapy. At present, it is unknown whether exploratory
biomarkers, such as tumor mutational burden or
the presence and/or characteristics of tumor-infiltrating
lymphocytes, could aid in selecting long-term survivors.
Research evaluating novel potential biomarkers is ongoing.

Safety data from this study after approximately 1 year and
3 years of follow-up have been reported previously.7,14

Updated safety data from the current analysis are consis-
tent with the known safety profile of pembrolizumab and
support the long-term tolerability of treatment of patients with
advanced NSCLC with pembrolizumab. Overall incidence of
treatment-related AEs and the nature and severity of
immune-mediated AEs in this analysis were similar to those
reported in prior analyses.7,14 The incidence of treatment-
related and immune-mediated AEs was higher among pa-
tients who experienced a response versus those who had not
(Data Supplement); however, the likelihood of significant
confounding relationships between treatment exposure,
objective response, and the incidence of AEs makes this
finding difficult to interpret.

Five-year OS rates with pembrolizumab (treatment-na-
ive, 23.2%; previously treated, 15.5%) are consistent
with those reported for other anti‒PD-(L)1 agents. In
a phase I study of nivolumab in patients with previously
treated NSCLC (CA209-003), OS was 18% at 3 years and
16% at 5 years of follow-up.24,25 In long-term follow-up
analyses of phase III studies that enrolled previously
treated patients, 3-year OS for nivolumab has been re-
ported as 17% versus 8% for doctaxel,26 whereas 3-year
OS for atezolizumab and docetaxel was 19% versus 10%
for docetaxel.27

Five-year outcomes from the KEYNOTE-001 study demon-
strate that pembrolizumab provides long-term OS benefit
and durable responses with tolerable safety for treatment-
naive and previously treated patients with advanced PD-L1‒
expressing NSCLC. In the context of low historical 5-year
survival in advanced NSCLC, these data demonstrate the
potential of pembrolizumab treatment to improve long-term
outcomes for patients with advanced NSCLC.
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