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ABSTRACT

BACKGROUND
The authors’ affiliations are listed in the We assessed the efficacy and safety of programmed cell death 1 (PD-1) inhibition
Appendix. Address reprint requests to wijth pembrolizumab in patients with advanced non—small-cell lung cancer enrolled
Dr. Garon at the Translational Oncology . h 1 study. We al ht to defi d validat ion level of th
Research Laboratory, David Geffen School 111 @ Phase 1 study. We also sought to define and validate an expression level of the
of Medicine at UCLA, 2825 Santa Monica PD-1 ligand 1 (PD-L1) that is associated with the likelihood of clinical benefit.
Blvd., Suite 200, Santa Monica, CA 90404,
or at egaron@mednet.ucla.edu. METHODS
“A complete list of investigators who We a551gned.495 patients receiving pembrolizumab (at a dose of e'lther 2 mg or
enrolled patients in the KEYNOTE-001 10 mg per kilogram of body weight every 3 weeks or 10 mg per kilogram every
trial is provided in the Supplementary 2 weeks) to either a training group (182 patients) or a validation group (313 pa-
Appendix, available at NEJM.org. . . . . . .
tients). We assessed PD-L1 expression in tumor samples using immunohistochem-
This article was published on April 19,2015,  ical analysis, with results reported as the percentage of neoplastic cells with stain-
at NEJM.org. ing for membranous PD-L1 (proportion score). Response was assessed every 9
N Engl) Med 2015;372:2018-28. weeks by central review.
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Common side effects that were attributed to pembrolizumab were fatigue, pruritus,
and decreased appetite, with no clear difference according to dose or schedule.
Among all the patients, the objective response rate was 19.4%, and the median dura-
tion of response was 12.5 months. The median duration of progression-free survival
was 3.7 months, and the median duration of overall survival was 12.0 months. PD-L1
expression in at least 50% of tumor cells was selected as the cutoff from the train-
ing group. Among patients with a proportion score of at least 50% in the validation
group, the response rate was 45.2%. Among all the patients with a proportion score
of at least 50%, median progression-free survival was 6.3 months; median overall
survival was not reached.

CONCLUSIONS
Pembrolizumab had an acceptable side-effect profile and showed antitumor activ-
ity in patients with advanced non—small-cell lung cancer. PD-L1 expression in at
least 50% of tumor cells correlated with improved efficacy of pembrolizumab.
(Funded by Merck; KEYNOTE-001 ClinicalTrials.gov number, NCT01295827.)
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PEMBROLIZUMAB FOR NON

UNG CANCER IS THE LEADING CAUSE OF

cancer-related death worldwide.»2? Plati-

num-based chemotherapy, with or without
maintenance therapy and subsequently followed
by second-line cytotoxic chemotherapy, is stan-
dard treatment for most patients with advanced
non-small-cell lung cancer, with a median sur-
vival of approximately 1 year.3#

One hallmark of cancer is immune evasion,
in which the immune system does not mount an
effective antitumor response.> Programmed cell
death 1 (PD-1) is a negative costimulatory recep-
tor expressed primarily on the surface of activated
T cells.%” The binding of PD-1 to one of its ligands,
PD-L1 or PD-L2, can inhibit a cytotoxic T-cell
response.®® Tumors can co-opt this pathway to
escape T-cell-induced antitumor activity.1°*2 Pem-
brolizumab, a highly selective, humanized mono-
clonal IgG4 kappa isotype antibody against PD-1,
can disrupt the engagement of PD-1 with its
ligands and impede inhibitory signals in T cells,
with resultant tumor recognition by cytotoxic
T cells.

In clinical trials, anti-PD-1 and anti—PD-L1
antibodies produce durable responses in approxi-
mately 20% of unselected patients with advanced
non-small-cell lung cancer.13-1® Developing reli-
able, validated biomarkers that identify patients
with an increased probability of response to these
antibodies remains a challenge.®'” Because the
PD-1 pathway may be a key mechanism of im-
mune escape in a subgroup of patients with non—
small-cell lung cancer, PD-L1 expression in tumor
or inflammatory cells is a candidate biomarker.
However, PD-L1 expression has not been for-
mally validated as a biomarker in contemporane-
ously collected tumor tissue.

As part of the large, international, phase 1
KEYNOTE-001 trial, we evaluated the side effects,
safety, and antitumor activity of pembrolizumab
in patients with advanced non-small-cell lung
cancer. We also sought to define and validate a
tumor PD-L1 expression level associated with an
enhanced likelihood of benefit from pembro-
lizumab.

METHODS

PATIENTS

Patients with non-small-cell lung cancer were
assigned to multiple expansion cohorts (Table S1
in the Supplementary Appendix, available with
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the full text of this article at NEJM.org). (Details are
provided in the protocol, available at NEJM.org.)
Eligible patients (age, >18 years) had locally ad-
vanced or metastatic non—small-cell lung cancer,
an Eastern Cooperative Oncology Group perfor-
mance status of 1 or less (a 5-point scale on which
higher numbers reflect greater disability), and
adequate organ function. Key exclusion criteria
included a history of pneumonitis, systemic im-
munosuppressive therapy, or active autoimmune
disease.

STUDY OVERSIGHT
The protocol and its amendments were approved
by the relevant institutional review board or ethics
committee at each study center. The study was
conducted in accordance with Good Clinical Prac-
tice guidelines. All the patients provided written
informed consent before any study-related proce-
dures were performed.

Merck Sharp & Dohme, a subsidiary of Merck,
sponsored the study, which was designed by rep-
resentatives of the sponsor and academic advisors.
Data were collected by the investigators and
their site personnel. The authors and representa-
tives of the sponsor performed the data analysis
and interpretation. All the authors had full ac-
cess to the data. The first author wrote the first
draft of the manuscript. Medical writing and edi-
torial assistance were provided by the APO Group
and funded by Merck. All the authors participated
in the review and editing process, approved the
submitted draft of the manuscript, vouch for the
accuracy and completeness of the data reported,
and attest that the study was conducted in ac-
cordance with the protocol.

STUDY DESIGN AND TREATMENT
The primary objectives were to evaluate the safe-
ty, side-effect profile, and antitumor activity of
pembrolizumab. Patients received intravenous
pembrolizumab at a dose of 2 mg or 10 mg per
kilogram of body weight every 3 weeks or 10 mg
per kilogram every 2 weeks over a 30-minute pe-
riod (Table S1 in the Supplementary Appendix).
The studied doses were selected on the basis of
pharmacologic models.*®%°

STUDY ASSESSMENTS
Toxic effects were graded with the use of the Na-
tional Cancer Institute Common Terminology Cri-
teria for Adverse Events, version 4.0. Scheduled
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computed tomography or magnetic resonance
imaging was performed every 9 weeks. Treatment
continued until confirmed disease progression
by investigator-assessed immune-related response
criteria,® a decision by investigators, unaccept-
able toxicity, or withdrawal of consent. Although
immune-related response criteria were evaluated,
the primary radiographic assessment was Response
Evaluation Criteria in Solid Tumors (RECIST),
version 1.1,2! as assessed by independent central
review.

BIOMARKER ANALYSIS FOR PATIENT ELIGIBILITY
A contemporaneous biopsy sample was required
(Table S1 in the Supplementary Appendix). We
used the anti-PD-L1 antibody clone 22C3 (Merck)
and a prototype immunohistochemical assay to
determine the PD-L1 status for eligibility (see the
Methods section in the Supplementary Appendix).
PD-L1 positivity was defined as membranous stain-
ing in at least 1% of cells (neoplastic and interca-
lated mononuclear inflammatory cells) within
tumor nests or a distinctive staining pattern caused
by the infiltration of mononuclear inflammatory
cells in the stroma that formed a banding pattern
adjacent to tumor nests.

BIOMARKER CUTOFF SELECTION
After we observed an initial relationship between
PD-L1 expression (as assessed using the proto-
type assay) and the efficacy of pembrolizumab,??
the protocol was amended to add a coprimary end
point to evaluate the efficacy in patients with pre-
viously treated non-small-cell lung cancer that
expressed a high level of PD-L1. A total of 51 patients
had been enrolled at the time of the amendment.
We used receiver-operating-characteristic (ROC)
curves to analyze data from the training group
in order to define a potential biomarker cutoff
(see the Methods section in the Supplementary
Appendix). We assessed PD-L1 expression using
a clinical-trial assay developed by Dako that used
the same 22C3 antibody without knowledge of
the results of the prototype assay. During cutoff
selection only, we analyzed archival specimens
when contemporaneous biopsy specimens were
not acceptable for enrollment. Results were re-
ported as the percentage of neoplastic cells show-
ing membranous staining of PD-L1 (proportion
score) (Fig. 1). The population that was analyzed
for cutoftf selection included all treated patients
with measurable disease according to investiga-
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tor-assessed immune-related response criteria at
baseline and tissue that could be evaluated by the
clinical-trial assay. Patients, investigators, and
representatives of the sponsor were unaware of
the results of the clinical-trial assay until all the
patients had been followed for at least 19 weeks.
At that time, the sponsor was made aware of the
results, and data regarding the objective response
rate were merged with the PD-L1 results. On the
basis of limited follow-up duration, we used con-
firmed and unconfirmed responses, as deter-
mined with the use of the investigator-assessed
immune-related response criteria, as the radio-
graphic end point for cutoff selection. These
results were confirmed in the patients who had
centrally measurable disease according to RECIST.

BIOMARKER VALIDATION
An independent population of previously treated
and previously untreated patients were included
in the validation group. Before we assessed tu-
mor PD-L1 expression using the clinical-trial as-
say in the validation group, we identified deterio-
ration of the PD-L1 antigen in tumor-bank samples
that had been sectioned more than 6 months be-
fore staining. Thus, only treated patients in the
validation group with measurable disease at base-
line whose slides were sectioned within 6 months
before staining were evaluated for cutoff valida-
tion. Patients, investigators, and the sponsor were
unaware of the proportion score until all patients
had been followed for at least 5 months. At that
time, the sponsor was made aware of the results,
and response-rate data were merged with PD-L1
results, as assessed by the clinical-trial assay.

STATISTICAL ANALYSIS
In the validation group, we performed the pri-
mary analysis of the antitumor activity of pem-
brolizumab in previously treated patients whose
tumors expressed PD-L1 at levels above the cutoff
that was identified in the training group. On the
basis of data from the training group, we as-
sumed that half of the samples from patients
who would be enrolled in the anticipated valida-
tion group would have PD-L1 expression above
the cutoff and that previously treated patients
whose samples were above the cutoff would have
a response rate of at least 30%. On the conserva-
tive assumption of a 15% response rate with stan-
dard chemotherapy,?* we determined that enroll-
ment of 75 previously treated patients who were
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Figure 1. PD-L1 Expression in Non—Small-Cell Lung Cancers.

Results were reported as the percentage of neoplastic cells showing membranous staining of programmed cell death
ligand 1 (PD-L1) (proportion score). Shown are tumor samples obtained from patients with a proportion score of
less than 1% (Panel A), a score of 1 to 49% (Panel B), and a score of at least 50% (Panel C) (all at low magnification).
Tumor samples with the corresponding proportion scores are shown at a higher magnification in Panels D through
F. PD-L1 staining is shown by the presence of the brown chromogen. The blue color is the hematoxylin counterstain.

receiving pembrolizumab at a dose of 10 mg per
kilogram every 3 weeks would provide a power
of 85% to exclude a response rate of 15% or less
in patients with samples that were above the
cutoff (with a one-sided P value of 0.025). Ac-
cording to the protocol, we could combine data
for previously treated patients who received
pembrolizumab at a dose of 10 mg per kilogram
every 3 weeks with data for previously treated
patients who received 10 mg per kilogram every
2 weeks and previously untreated patients if re-
sponse rates were similar. (Details are provided
in the full statistical analysis plan in the proto-
col at NEJM.org.)

We used the clinical-trial assay to evaluate all
screened samples that had sufficient tissue to
estimate prevalence in unselected patients. Data
are reported as the percentage of samples that
could be assessed. To avoid ascertainment bias,
we included in the analysis slides that were sec-
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tioned more than 6 months before staining for
PD-L1.

Response rates with 95% confidence intervals
were estimated by means of the binomial exact
method. The response duration was defined as
the time from first documented evidence of re-
sponse until progression, according to RECIST.
Progression-free and overall survival were de-
fined as the time from the first dose of pembro-
lizumab to progression, according to RECIST, or
death (for progression-free survival) or death
alone (for overall survival). We used the Kaplan—
Meier method to calculate median values for the
duration of response, progression-free survival,
and overall survival. The Cochran-Armitage trend
test was performed to evaluate the equality of
the response rate in groups with a proportion score
of at least 50%, a score of 1 to 49%, and a score
of less than 1%. The analysis cutoff was August
29, 2014.
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1143 Patients were screened for enrol

Iment

l

495 Received =1 dose of pembrolizu

mab

182 Were assigned to the

313 Were assigned to the

training group

validation group

171 Had previous treatment

treat

11 Did not have previous

223 Had previous treatment

90 Did not have previous
treatment

53 Did not meet all
requirements for
this population

67 Did not meet all
requirements for
this population

42 Did not meet all
requirements for
this population

129 Were included in cutoff-
selection population

156 Were included in
population with PD-L1
that could be evaluated

48 Were included in
population with PD-L1
that could be evaluated

Figure 2. Enrollment and Assignment to Training Group and Validation Group.

PD-L1 status for eligibility was determined with the use of the anti—PD-L1 antibody clone 22C3 and a prototype immunohistochemical
assay. Among the 1143 patients who underwent screening, regardless of the interval between slide sectioning and staining, 824 patients
had tumor samples that could be evaluated by the clinical-trial assay, which used the same 22C3 antibody. For the training group, the
PD-L1 cutoff was selected from a population that included patients with measurable disease according to immune-related response cri-
teria by investigator review and whose tumors could be evaluated by the clinical-trial assay; 146 patients were included in this cutoff-se-
lection population. When response was assessed according to Response Evaluation Criteria in Solid Tumors (RECIST) by central review,
129 patients were included. One patient who did not meet all the requirements at the time of the cutoff selection did meet all eligibility
requirements at the time of data lock on August 29, 2014. In the validation group, the biomarker-evaluable population included patients
in whom disease could be evaluated by central review at baseline and who had slides that were sectioned within 6 months before stain-
ing and for whom a proportion score could be assigned. The numbers of patients with slides that were sectioned within 6 months be-
fore staining and had tumor tissue evaluated by the clinical-trial assay were 136 in the training group and 220 in the validation group.

ADVERSE EVENTS
Treatment-related adverse events occurred in 351
patients (70.9%), with no clear difference accord-
ing to dose or schedule (Table S3 in the Supple-

RESULTS

PATIENTS
From May 2012 through February 2014, a total of
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495 patients received at least 1 dose of pembro-
lizumab (Fig. 2). The clinical characteristics of
the patients were typical of those with advanced
non-small-cell lung cancer (Table S2 in the Sup-
plementary Appendix). At the time of the data
cutoff, the median duration of follow-up was
10.9 months (range, 5.2 to 27.5), and 115 patients
(23.2%) continued to receive treatment.

N ENGLJ MED 372;21

mentary Appendix). The most common treatment-
related adverse events were fatigue, pruritus, and
decreased appetite (Table 1). Adverse events of
grade 3 or higher were reported in 47 of 495 pa-
tients (9.5%). The only treatment-related adverse
events of an inflammatory or immune-mediated
nature that occurred in more than 2% of patients
were infusion-related reactions (in 15 patients
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o - . . o
[3.0%D), hypOt.h.yro.ldlsm (H} 34 patients [6.9 /?])’ Table 1. Adverse Events in 495 Patients in the Treated Population.*
and pneumonitis (in 18 patients [3.6%]). One in-
fusion reaction led to treatment discontinuation. | adverse Event Any Grade Grade 3-5
All the patients Wi.th hypqthyroidism were suc- no. of patients (%)
cessfully treated with medical therapy. Pneumo- _
.. . Fatigue 96 (19.4) 4 (0.8)
nitis of grade 3 or greater was observed in 9 pa- '
tients (1.8%), including 1 (0.2%) who died. At the Pruritus >3 (107) 0
time of this analysis, 2 cases of pneumonitis (both | Decreased appetite o7 (L3 S (L)
grade 1 or 2) were ongoing. Rash 48 (9.7) 1(02)
Arthralgia 45 (9.1) 2 (0.4)
OVERALL EFFICACY Diarrhea 40 (8.1) 3 (0.6)
The ov.erall response rate was 19.4% .(95‘.’/0 confi- | Nausea 37 (7.5) 4(0.8)
dence interval [CI], 16.0 to 23.2), which mclude.d Hypothyroidism 34 (6.9) 102)
a response rate of 18.0% (95% CI, 14.4 to 22.2) in — S 5 (50
the 394 previously treated patients and 24.8% ' (48) (19)
(95% CI, 16.7 to 34.3) in the 101 previously un- Anemia 21 (4.2) 0
treated patients. The best overall response was | Dyspnea 21(4.2) 19 (3.8)
stable disease in 21.8% of patients (Table S4 in | Pyrexia 21 (4.2) 3 (0.6)
the Supplementary Appendix). The response rate | Decreased weight 19 (3.8) 2 (0.4)
was similar regardless of dose, schedule, and | Dry skin 18 (3.6) 0
histologic apalysis (Table S5 in the Supplemen- | ppeymonitist 18 (3.6) 9 (1.8)
tary Appendix). Current or former SmOk.erS had a Elevation in aspartate aminotransferase 15 (3.0) 3 (0.6)
response rate of 22.5%, as compared with 10.3% "y
. . Vomiting 14 (2.8) 3 (0.
among patients who had never smoked cigarettes >z "
(Table S5 in the Supplementary Appendix). Dermét't's acneriorm 13 (26) 0
At the time of this analysis, 84.4% of patients | Myalgia LS () g
with a response had no disease progression, and | Cough 12 (2.4) 0
the median duration of response was 12.5 months | Elevation in alanine aminotransferase 11 (2.2) 2 (0.4)
(range, 1.0 to 23.3) in all patients, 10.4 months | chills 10 (2.0) 0
(range, 1.0 to 10.4) in previously treaFed pat.ients, Constipation 10 (2.0) 2 (0.4)
and 23.3 moths (range,.l.O to 23.3) in previously | | o . @ lated reaction 15 (3.0) 10.
untreated patients. Median progression-free sur-

vival was 3.7 months (95% CI, 2.9 to 4.1) for all
the patients, 3.0 months (95% CI, 2.2 to 4.0) for
previously treated patients, and 6.0 months (95%
ClL, 4.1 to 8.6) for previously untreated patients
(Fig. S1 in the Supplementary Appendix). Medi-
an overall survival was 12.0 months (95% CI, 9.3
to 14.7) for all the patients, 9.3 months (95% CI,
8.4 to 12.4) for previously treated patients, and
16.2 months (95% CI, 16.2 to not reached) for
previously untreated patients (Fig. S2 in the Sup-
plementary Appendix).

BIOMARKER SELECTION
Overall, 182 patients were assigned to the train-
ing group to define a PD-L1 cutoff (Fig. 2). At the
time of cutoff selection, 129 patients had mea-
surable disease, according to RECIST, by central
review and samples that could be evaluated by
the clinical-trial assay; 25 samples were archival.

N ENGL J MED 372;21

* Listed are events that were considered to be related to treatment by the inves-

tigator and were reported in at least 2% of patients.

T Included among patients with pneumonitis is one patient with grade 5 inter-

stitial lung disease.

After evaluation of several methods for pathologi-
cal assessment (see the Methods section in the
Supplementary Appendix), membranous PD-L1
expression in at least 50% of tumor cells (propor-
tion score, >50%) was selected as the cutoff on
the basis of the ease of use and ROC analysis
(Fig. S3 in the Supplementary Appendix). The re-
sponse rate according to RECIST by central re-
view at this cutoff was 36.6% (95% CI, 22.1 to
53.1) at the time that the data were merged.

BIOMARKER VALIDATION
The validation group included 313 patients: 223
previously treated patients and 90 previously un-
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treated patients (Fig. 2). Of the patients in the
validation group who were initially classified as
PD-L1-positive by the prototype assay, 23 pa-
tients (21 of whom had disease that could be
evaluated at baseline) were PD-L1-negative by the
clinical-trial assay. PD-L1 status could not be as-
sessed by the clinical-trial assay in 83 patients,
including 61 whose samples were sectioned more
than 6 months before staining.

The response rate was 45.2% (95% CI, 33.5 to
57.3) in the 73 patients with a proportion score
of at least 50%, including 43.9% (95% CI, 30.7
to 57.6) in previously treated patients and 50.0%
(95% CI, 24.7 to 75.3) in previously untreated
patients, values that numerically exceeded the
response rate in the training group (Table S6 in
the Supplementary Appendix). The response rate
for patients with a proportion score of at least 50%
exceeded both the group with a score of 1 to 49%
and the group with a score of less than 1% both
for previously treated patients (P<0.001) and for
previously untreated patients (P=0.01) (Table S7
in the Supplementary Appendix). The response
rate for patients with a proportion score of at least
50% was 42.3% when those without disease that
could be measured at baseline were included.
Little difference in response rate was observed
according to dose, schedule, or smoking status
(Table S8 in the Supplementary Appendix). After
the pooling of data from the training and valida-
tion groups post hoc, evaluation according to
quartile suggested that a higher proportion score
was associated with a greater response rate
within the group with a proportion score of 1 to
49% and the group with a score of at least 50%
(Fig. S4 in the Supplementary Appendix).

ESTIMATED PREVALENCE OF PD-L1
Among the 1143 screened patients, 824 had sam-
ples that could be evaluated by the clinical-trial
assay, with a prevalence of 23.2% of patients with
a proportion score of at least 50%, 37.6% with a
score of 1 to 49%, and 39.2% with a score of less
than 1% by the clinical-trial assay. The preva-
lence of a proportion score of at least 50% was
24.9% among previously untreated patients and
22.7% among previously treated patients (Table
S9 in the Supplementary Appendix). Among treat-
ed patients, there was no clear difference in PD-L1
staining according to mutational status of the
gene encoding epidermal growth factor receptor
(EGFR), whereas a numerically higher percentage

N ENGLJ MED 372;21

of patients with KRAS mutations had increased
PD-L1 staining (Table S10 in the Supplementary
Appendix). There were too few patients with ALK
rearrangements to draw conclusions.

LONGITUDINAL OUTCOMES ON THE BASIS OF PD-L1
STAINING

Median progression-free survival among patients
with a proportion score of at least 50% was 6.3
months (95% CI, 2.9 to 12.5) for all patients, 6.1
months (95% CI, 2.1 to 12.5) for previously treat-
ed patients, and 12.5 months (95% CI, 2.4 to 12.5)
for previously untreated patients (Fig. 3). Median
overall survival among patients with a propor-
tion score of at least 50% was not reached in the
total population (95% CI, 13.7 months to not
reached), in previously treated patients (95% CI,
9.3 to not reached), and in previously untreated
patients (95% CI, not reached to not reached)
(Fig. 4). Progression-free and overall survival were
shorter among patients with a proportion score
of 1 to 49% or a score of less than 1% than
among those with a score of at least 50% (Fig. 3
and 4). The median duration of response was sim-
ilar regardless of proportion score: 12.5 months
(range, 2.1 to 23.3) for a proportion score of at
least 50%, 7.2 months (range, 1.4 to 8.3) for a
proportion score of 1 to 49%, and not reached
(range, 1.0 to 10.8) for a proportion score of less
than 1% (Fig. S5 in the Supplementary Appendix).

DISCUSSION

In this study, we evaluated a large series of pa-
tients with non—-small-cell lung cancer (some of
whom had received previous therapy and some
who had not) who were treated with various doses
and regimens of the anti—PD-1 inhibitor pembro-
lizumab. At a dose of 10 mg per kilogram every
2 or 3 weeks or 2 mg per kilogram every 3 weeks,
pembrolizumab showed an acceptable side-effect
profile and produced durable responses. We found
no significant differences in efficacy or side-effect
profile between patients receiving the dose of
10 mg per kilogram every 2 weeks and those re-
ceiving the same dose every 3 weeks, which
echoed the findings in the melanoma cohorts of
KEYNOTE-001.242¢ The interpretation of response
among patients receiving 2 mg per kilogram is
limited by the lack of data for that dose. The 2-mg
dose is being evaluated in a recently enrolled
cohort of KEYNOTE-001, as well as in the phase

NEJM.ORG ~ MAY 21, 2015

The New England Journal of Medicine

Copyright © 2015 Massachusetts Medical Society. All rights reserved.



PEMBROLIZUMAB FOR NON—SMALL-CELL LUNG CANCER

Figure 3. Progression-free Survival. A All Patients
Shown are Kaplan—Meier estimates of progression- 100

free survival according to the proportion score (PS) — 90

the percentage of neoplastic cells with membranous 80
PD-L1 staining — for 356 patients in the training and 704
validation groups who had slides that were sectioned 6o I

within 6 months before staining (Panel A), including
294 previously treated patients (Panel B) and 62 previ- 50+ |

ously untreated patients (Panel C). 40+ | L
] L PS 250%
204 i

10 W L1 Jesax

PS 1-49%

Progression-free Survival (%)

2-3 KEYNOTE-010 study (ClinicalTrials.gov num-
ber, NCT01905657). Among doses with similar 0 — T T T T T T T T
efficacy, the lowest dose is usually recommended. 0 2 4 6 B 1012 1416 18 20 2 24 26

The analysis of PD-L1 expression permitted Months

the identification of patients with an enhanced ':S‘"Z:;:is" T
likelihood of a response to pembrolizumab. A PS1-49% 161 122 70 45 21 4 1 0 0 0 0 0 O O
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A All Patients Figure 4. Overall Survival.
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No. at Risk higher mutational burden in these patients.3%31

Months

Eé TEZ?% 13 1?; 22 %E Z j 3 8 However, when assessed according to PD-L1 sub-
PS <1% 76 55 33 8 0 0 0 0 group, the response rate was similar according
to smoking status. This finding, along with the
B Previous Treatment much higher response rate among patients with
1:2: a proportion score of at least 50%, as compared
%0- with that of current or former smokers, suggests
£ 0 that although smoking history may provide in-
Ty sight into a patient profile associated with a
2 5o L : PS' 2'50:% greater benefit for pembrolizumab, PD-L1 expres-

% 404 o sion is a better predictor of response.
g 304 Evaluation according to the quartile of pro-
° PS 1-49% portion score suggests a positive correlation be-
10 tween the response rate and PD-L1 expression,
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In the screened population, a proportion score
of at least 50% was seen in approximately one
quarter of patients with advanced or metastatic
non-small-cell lung cancer. However, prevalence
should be interpreted with caution, given that
slides that were sectioned more than 6 months
before staining were included in the estimates
and PD-L1 expression could be affected by previ-
ous treatment or by disease stage. This potentially
dynamic expression of the PD-L1 protein384° led
us to focus our analysis on contemporaneously
collected tissue samples. Determination of wheth-
er archival samples can be substituted for those
collected contemporaneously, the true prevalence
of the proportion-score subgroups, and the de-
gree of clinical benefit in patients with non—
small-cell lung cancer with a proportion score of
less than 50% are being assessed in ongoing
randomized trials enrolling both previously treat-
ed and previously untreated patients.

Pembrolizumab showed modest toxicity. Treat-
mentrelated serious adverse events of grade 3 or
greater severity were observed in less than 10%
of patients, a proportion that is lower than that

anticipated with chemotherapy. Pneumonitis is
an immune-mediated adverse event of particular
relevance to patients with non-small-cell lung
cancer. Despite the presence of coexisting condi-
tions that could precipitate or exacerbate this
inflammatory process, the overall incidence of
pneumonitis was less than 4%, with a severity of
grade 3 or less in half the patients.

In conclusion, we have shown the efficacy
and safety of pembrolizumab for previously treat-
ed and previously untreated patients with non-
small-cell lung cancer. Prospective testing of
PD-L1 expression is feasible and retrospectively
identified patients with an enhanced likelihood
of having a clinical benefit from treatment with
pembrolizumab.
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