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ABSTRACT

On October 2, 2015, the U.S. Food and Drug Administration
(FDA) granted accelerated approval for pembrolizumab, a
breakthrough therapy-designated drug, for the treatment of
patients with metastatic non-small cell lung cancer (NSCLC)
whose tumors express programmeddeath-ligand 1 (PD-L1), as
determined by an FDA-approved test, and who have disease
progression on or after platinum-containing chemotherapy or
targeted therapy against anaplastic lymphoma kinase or
epidermal growth factor receptor, if appropriate. This
indication was approved concurrently with the PD-L1 immu-
nohistochemistry 22C3 pharmDx, a companion diagnostic test
for patient selection based on PD-L1 tumor expression. The
accelerated approval was granted based on durable objective
response rate (ORR) and an acceptable toxicity profile
demonstrated in a multicenter, open-label trial enrolling 550
patients with metastatic NSCLC. The efficacy population
comprised 61 patients with tumors identified as strongly
positive for PD-L1, and the confirmed ORR as determined by

blinded independent central reviewwas 41% (95% confidence
interval: 28.6%, 54.3%); all were partial responses. At the time
of the analysis, responses were ongoing in 21 of 25 patients
(84%), with 11 patients (44%) having response duration of$6
months. The most commonly occurring ($20%) adverse
reactions included fatigue, decreased appetite, dyspnea, and
cough. The most frequent ($2%) serious adverse drug
reactions were pleural effusion, pneumonia, dyspnea, pulmo-
nary embolism, and pneumonitis. Immune-mediated adverse
reactions occurred in 13% of patients and included pneumo-
nitis, colitis, hypophysitis, and thyroid disorders.The accelera-
ted approval regulations describe approval of drugs and
biologic products for serious and life-threatening illnesses
based on a surrogate endpoint likely to predict clinical benefit.
Under these regulations, a confirmatory trial or trials is
required to verify and describe the benefit of pembrolizumab
for patients with metastatic NSCLC. The Oncologist 2016;
21:643–650

Implications for Practice: This report presents key information on the U.S. Food and Drug Administration (FDA) accelerated
approval of pembrolizumab for the treatment of patients with metastatic non-small cell lung cancer whose tumors express
programmed death-ligand 1, as determined by an FDA-approved test, and who have disease progression on or after platinum-
containing chemotherapy or targeted therapy against anaplastic lymphoma kinase or epidermal growth factor receptor, if
appropriate. The report discusses the data supporting the approval decision, specifically highlighting the incorporation of a
companion diagnostic in the key study and the optimal dose of pembrolizumab.

INTRODUCTION

Lung cancer is the leading cause of cancer death in the U.S.,
and there will be an estimated 221,200 new cases and
158,040deaths due to this disease in 2015 [1]. Approximately
85% of all lung cancers are classified as non-small cell lung
cancer (NSCLC), which is subclassified by histologic subtype
(squamous cell and nonsquamous). The majority of patients

present with locally advanced or metastatic disease incur-
able with currently available therapies, with a median sur-
vival of 3–6 months with supportive care only [2]. Initial
treatment of patients with metastatic NSCLC without
epidermal growth factor receptor (EGFR) or anaplastic
lymphoma kinase (ALK) mutations is a platinum-based
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doublet chemotherapy regimen; in historic trials, the re-
sponse rate ranged from 12% to 37%, median progression‐
free survival (PFS) was from 4 to 7 months, median overall
survival (OS)was from8 to13months, and theestimated1-year
survivalwas33%[2]. Insecond-line trials ofunselectedpatients,
objective response rate (ORR) with docetaxel, peme-
trexed, and erlotinib ranged from 7% to 12%, median PFS
from2 to 3months, andmedianOS from8 to 9months [3–5].
Nivolumab recently received traditional approval for the
treatment of patientswithmetastatic squamousNSCLCwith
progressive disease on platinum-containing chemotherapy
based on the results of a randomized trial of nivolumab
versus docetaxel. Median OS was 9.2 months for patients
randomized to receive nivolumab and 6.0 months for those
randomized to receive docetaxel [hazard ratio5 0.59; 95%
confidence interval (CI): 0.44-0.79; p , .001] [6].

Programmed cell death 1 (PD-1) is a transmembrane
proteinexpressedprimarilyon the surfaceof activatedT cells,
whereas its ligands, programmed death-ligand 1 (PD-L1) and
PD-L2, may be expressed on various tumor cells. PD-1 is an
“immune checkpoint” receptor, and binding to its ligands
leads to suppression of the immune system’s ability to reject
tumor cells, primarily through inhibition of tumor cell
apoptosis and cytotoxic T-cell activity [7]. Preclinical and
clinical data suggest that PD-L1 upregulation by tumor cells
appears to facilitate evasion of the immune system’s
antitumor response.

Pembrolizumab (Keytruda; Merck, Sharp and Dohme
Corp., Kenilworth, NJ, http://www.merck.com) is a hu-
manizedmonoclonal IgG4-k isotype antibody that binds to
the PD-1 receptor, preventing interaction with PD-L1 and
PD-L2. Pembrolizumab has received breakthrough ther-
apy designation for both metastatic melanoma and
advanced NSCLC. Whole-exome sequencing of NSCLC
tumors treated with pembrolizumab has demonstrated
that antitumor activity was associated with higher muta-
tion burden in tumors thought to be partly related to
exposure to carcinogens in tobacco; higher neo-antigen
burden; and increased DNA repair pathway mutations [8].
In 2014, pembrolizumab received accelerated approval
in the U.S. for treatment of patients with unresectable
or metastatic melanoma and disease progression after
ipilimumab, and, if BRAF V600 mutation positive, a BRAF
inhibitor. Two doses of pembrolizumab were evaluated for
this indication, with 2 or 10 mg/kg given every 3 weeks. The
antitumor activity and safety profile appeared similar for
both dosing regimens and supported the approved dose of
2 mg/kg every 3 weeks for the treatment of metastatic
melanoma.

TRIAL DESIGN

The U.S. Food and Drug Administration (FDA) reviewed data
from a single, open-label, multicenter trial entitled, Phase I
Study of Single Agent MK-3475 in Patients with Progressive
Locally Advanced or Metastatic Carcinoma, Melanoma, and
Non-Small Cell Lung Cancer (P001), also referred to as
Keynote 001. Keynote 001 was designed to evaluate the
safety, tolerability, pharmacokinetics, pharmacodynamics,
and antitumor activity of pembrolizumab in patients with
melanomaorNSCLC.Thestudywas initiatedwitha traditional

313 design for dose escalation in patients with advanced
solid tumors, followed by multiple amendments that
ultimately led to the addition of several cohorts and
subgroups with differing patient characteristics, beginning
with patients with melanoma and eventually expanding
to patients with NSCLC. Eligibility criteria, objectives, and
analysis plans were modified based on emerging data from
Keynote 001 or from other studies in the pembrolizumab
development program. Keynote 001 includedmultiple parts:
Parts C and F enrolledpatientswithNSCLCexclusively and are
the primary focus of this review (supplemental online Table 1
describes the different populations of patients evaluated in
Keynote 001).

In parts C and F, patients were treated with intravenous
pembrolizumab at a dose of 2mg/kg every 3weeks or 10mg/kg
every 3 or 2 weeks. Based on data from the pembrolizumab
experience in melanoma that suggested the dosing regimen
of 2mg/kg every 3weekswas comparablewith the 10mg/kg
dosing regimens, part F3 was the last expansion cohort to be
added, and patients enrolled were treated with 2 mg/kg
pembrolizumab every 3 weeks. For all patients, study
treatment was continued until disease progression as
determined by investigator-assessed immune-related re-
sponse criteria, unacceptable toxicity, withdrawal of con-
sent, or investigator discretion. Patients with progressive
disease (PD) were permitted to continue on study treatment
if they did not exhibit decline in clinical symptoms/signs or
PD at critical anatomic sites requiring urgent interven-
tion. These patients were reimaged 4–6 weeks after initial
progression and were eligible to remain on therapy and
resume regularly scheduled imaging if the follow-up scan did
not confirm PD.

The primary endpoints were characterization of the
tolerability andsafety profile of single-agent pembrolizumab
and evaluation of antitumor activity per Response Evalua-
tion Criteria on Solid Tumors version 1.1 (RECIST 1.1) of
pembrolizumab in patients with NSCLC with at least one
prior systemic therapy, whose tumors express a high level of
PD-L1. The trial also sought to investigate the relationship
between the level of PD-L1 expression in tumors and
antitumor activity of pembrolizumab. Patients with NSCLC
on Keynote 001 had PD-L1 expression levels measured by
immunohistochemistry (IHC) performed on formalin-fixed
paraffin-embedded tumor samples. PD-L1 expression was
tested by using several devices throughout the study.
Patients were enrolled based on results from the prototype
research assay (PRA) performed in a Clinical Laboratory
Improvement Amendments laboratory. The PRA scoring
method specified staining of the tumor cell membrane and
mononuclear cell membrane with a cutoff of 1% or the
presence of stromal staining of immune cells. The clinical
trial assay (CTA) was the second version of the device and
was used to determine the optimal cutoff for PD-L1 ex-
pression level and to refine the scoring method to specify
tumor cell membrane staining only. The market ready assay
(MRA) was the final version of the device and was used to
prospectively assess clinical outcomes in three biomarker-
defined populations; PD-L1 strong, PD-L1 weak, or PD-L1
negative.Table 1 summarizes the threeassays for PD-L1used
in patients with NSCLC on Keynote 001.
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RESULTS

A total of 1,236 patients with NSCLC signed informed
consent for Keynote 001, and patients were enrolled at 47
sites in 10 countries. There were a high number of screen
failures (54%), and most patients were ineligible because
of tumors that were not PD-L1-positive by IHC (56%).
Ultimately, there were 550 patients with NSCLC enrolled in
Keynote 001; of those, 449 patients had received prior
therapy for their disease, and 101 patients were treatment-
naı̈ve. In parts C, F1, and F2, there were 495 patients who
received at least one dose of pembrolizumab (2 mg/kg
every 3 weeks [n5 6] or 10 mg/kg every 2 weeks [n5 202]
or every 3 weeks [n5 287]). Part F3 was the last expansion
cohort to be added and enrolled 55 patients, who were
treated with pembrolizumab at a dose of 2 mg/kg every
3 weeks.

A relationship betweenPD-L1 expression andpembrolizumab
efficacy was observed in the first patients enrolled in part C;
therefore, patients were further characterized by their
tumor PD-L1 status. After testingwith the PRA to determine
at least 1% staining of tissue samples for inclusion in part F
of the study, the CTA was used to retrospectively assess PD-L1
expressionbyusingunstained sections from the same tumor
sample used for the original PRA testing. Aproportion score
(PS) indicating the percentage of tumor cells exhibiting

membranous staining was selected as the scoring method
for the assay.With Amendment 7 of Trial P001, a biomarker
training set (BTS) and biomarker validations set (BVS) were
established.TheBTS includedpatients frompart C and initial
patients enrolled in parts F1 and F2. The BTS defined the
optimal cut point as PS$ 50% staining of tumor cells for PD-L1;
tumorsabove this cutpointwere referred toasPD-L1strongly
positive, whereas tumors having a PS between 1% and 49%
were designated as weakly positive and tumors with ,1%
were considered PD-L1 negative.To confirm these cut points,
the remaining patients from parts F1 and F2 were included
in the BVS. Patients in the BVS were not included in the
BTS evaluation.

Patient selection for the primary efficacy analysis was
determined based on results from the PD-L1 CTA and MRA.
After all 550 patients with NSCLC had begun treatment
with pembrolizumab, analytical validation data from the
companion diagnostic indicated that the PD-L1 antigen
was stable for up to 6 months once a tumor specimen had
been fixed on a glass slide. For this reason, patient tumor
samples were designated as being within the 6-month
stability window or irrespective of the stability window.
Figure 1 depicts how patients with NSCLC were allocated in
Keynote 001.

Baseline demographics and disease characteristics for
all 550 patients with NSCLC and 61 patients included in the

Table 1. PD-L1 assays for patients with NSCLC on Keynote 001

Assay Purpose Patient population

PRA To determine PD-L1 status for study enrollment Retrospectively part C; prospectively part F

CTA To define PD-L1 cut point in the BTS Patients in part C and initial patients in parts F1/F2

MRA To confirm cut points for PD-L1in the BVS Later patients in parts F1/F2 and patients in part F3

BTS, biomarker training set; BVS, biomarker validations set; CTA, clinical trial assay; MRA, market ready assay; NSCLC, non-small cell lung cancer; PD-L1,
programmed death-ligand 1; PRA, protocol research assay.

Figure 1. NSCLC patient allocation on Keynote 001.
Abbreviations: 10q3, 10mg/kg every 3weeks; 10q2, 10mg/kg every 2weeks; 2q3, 2mg/kg every 3weeks; BVS, biomarker validation

set; NSCLC, non-small cell lung cancer; PD-L1, programmed death-ligand 1.
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Table 2. Baseline patient demographics and tumor characteristics

Demographics and characteristics

All patients (n5 550) Primary efficacy population (n5 61)

n % n %

Gender

Women 261 48 24 39

Men 289 53 37 61

Race

American Indian or Alaska Native 1 0 0 0

Asian 70 13 7 12

Black or African American 20 4 6 10

Multiracial 3 1 0 0

Native Hawaiian or other Pacific Islander 1 0 0 0

Caucasian 454 83 48 79

Age group

,65 291 53 40 66

$65 259 47 21 34

ECOG

0: Normal activity 191 35 21 34

1: Symptoms, but ambulatory 357 65 39 64

Unknown 2 0 1 2

Histology

Adeno-squamous 7 1 1 2

Non-squamous 446 81 46 75

Squamous 95 17 13 21

Unknown 2 0 1 2

Disease stage

I 1 0 0 0

III 20 4 1 2

IV 529 96 60 98

EGFR mutation

No 449 82 55 90

Yes 78 14 6 10

Unknown 23 4 0 0

ALK mutation status

Mutation/translocation 9 2 0 0

Wild type 474 86 57 93

Unknown 67 12 4 7

PD-L1 status

PD-L1 negative 102 19 0 0

PD-L1 strong 165 30 61 100

PD-L1 weak 220 40 0 0

Unknown 63 12 0 0

No. of prior therapies

0 94 17 0 0

1 88 16 16 26

2 140 26 18 30

3 116 21 13 21

$4 112 20 14 23

Abbreviations: ALK, anaplastic lymphoma kinase; ECOG, Eastern Cooperative Oncology Group, EGFR: Epidermal growth factor receptor; PD-L1,
programmed death-ligand 1.
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primary efficacy analysis are provided in Table 2. For the
entire population of NSCLC patients, the median age was
64 years, and 47% were age$ 65 years old. The population
was predominantly Caucasian (83%), and most had re-
ceived $2 prior therapies (67%). Baseline Eastern Co-
operativeOncologyGroup performance statuswas 0 (35%)
or 1 (65%).

Efficacy
Theprimaryefficacypopulation included61previously treated
patients with NSCLC and PD-L1 PS $ 50% based on tumor
samples that were within the 6-month stability window
(Table 3).These patients were treatedwith a dose of 10mg/kg
every 2 weeks (n5 27) or every 3 weeks (n5 34).The blinded
independent central review (BICR) assessed, confirmed ORR
per RECIST 1.1 was 41% (95% CI: 28.6%, 54.3%). The median
duration of response was not reached at the time of the
analysis.

Additional supportive efficacy data comes from part F3,
which consisted of 25 patients with PD-L1 PS$50% treated
with pembrolizumab at a dose of 2 mg/kg every 3 weeks.
The BICR-assessed ORR was 28% (95% CI: 12.1%, 49.4%),
and the median duration of response was not reached.
Patients in part F3 were the last to enroll and had median
follow-up for the independently reviewed imaging data of
7.7 months.

Additionalexploratory analyses of subpopulations of the
primary efficacy population were consistent with the
results in the overall population of 61 patients. The ORR
in patients with PS, 1%–49% (PD-L1 weakly positive), was
similar to that with standard of care: 14.8% (95% CI: 7.9%,
24.4%). ORR was similar across histology (squamous and
nonsquamous).

Safety
There were 550 patients with NSCLC on Keynote 001 who
received at least one dose of pembrolizumab and were
included in the safety analysis.Themedian duration of therapy
was 2.8 months (1 day to 25.6 months). The incidence of
adverse reactions, including serious adverse reactions, was
similar between the two10mg/kg dosing schedules; therefore,
these data were pooled. There were significantly fewer
patients treated with the 2 mg/kg dose of pembrolizumab,
and the majority had shorter follow-up compared with
patients treated with the 10 mg/kg schedules; therefore,
comparisons of adverse reactions between dosing regimens
was not applicable.

The most common adverse events, occurring in at least
10% of the population, are summarized in Table 4. Serious
adverse events (SAEs) occurred in 208 (37.8%) of 550
patients with NSCLC. The most common SAEs were pleural
effusion (4.5%), pneumonia (3.1%), dyspnea (2.9%), pul-
monary embolism (2.4%), pneumonitis (2.2%), pyrexia
(1.8%), respiratory failure 1.5%), pneumothorax (1.3%),
pericardial effusion (1.1%), hypoxia (1.1%), and nausea
(1.1%).

Immune-related adverse events (irAEs) occurred in 71
(13%) of 550 patients. Thyroid disorders were the most
common irAEs observed, with hyperthyroidism occurring in
10 patients (1.8%) and hypothyroidism occurring in 38
patients (6.9%). Pneumonitis occurred in 19 (3.5%) patients,
with one death attributed to pneumonitis. Pneumonitis
occurred more frequently in patients with a history of
asthma/chronic obstructivepulmonarydisease than in those
without (5.4% vs. 3.1%) and more frequently in patients
with a history of prior thoracic radiation than in patients
without (6.0% vs. 2.6%).Twelve patients (2.2%) discontinued
pembrolizumab because of pneumonitis. Other irAEs in-
cluded colitis occurring in four (0.9%) patients and hypo-
physitis occurring in one patient. There were 76 patients
(14%) who discontinued pembrolizumab because of an
adverse event, with 16 patients (2.9%) discontinuing
because of an irAE. Table 5 displays the incidence of irAEs
occurring in patients with metastatic melanoma and
metastatic NSCLC treated with pembrolizumab on Keynote
001.The incidence of irAEs in these twopatient populations
appears similar.

DISCUSSION

MetastaticNSCLC isaseriousand life-threateningdisease,with
poor prognosis. The benefit-risk profile for pembrolizumab
in the treatment of patients with metastatic NSCLC with
progression after platinum-based therapy was considered
favorable based on an ORR of significant magnitude and
duration that exceeds that observed with available therapy
for this disease (Table 6).

The accelerated approval regulations describe approval of
drugs and biologic products for serious and life-threatening
illnessesbasedonasurrogateendpointoraneffectonaclinical
endpoint other than survival or irreversible morbidity that
provides meaningful therapeutic benefit to patients over
existing therapies [9]. Although there are several FDA-
approved drugs for the treatment of metastatic NSCLC, with
the exception of nivolumab (only approved for patientswith

Table 3. Efficacy results of primary efficacy population

Total (n5 61)

Pembrolizumab dose

10mg/kg every 2 weeks (n5 27) 10mg/kg every 3weeks (n5 34)

Responders, n 25 11 14

ORR (%), 95%CI 41.0 (28.6, 54.3) 40.1 (22.4, 61.2) 41.2 (24.7, 59.3)

Medianduration of response (months), 95%CI NEa (NE, NE) NEa (4.6, NE) NEa (4.2, NE)

Range of duration of response (months) 2.1–9.2 4.2–9.2 2.1–8.3
aCould not be estimated due to limited events.
Abbreviations: CI, confidence interval; NE, not evaluable; ORR, objective response rate.
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squamous histology at the time of this pembrolizumab
approval), the treatment effects on OS are modest.

Response rate is a recognized surrogate endpoint and has
been the basis for accelerated approval of other oncology
therapies. The FDA considered the ORR of 41% in 61 patients
with metastatic NSCLC treated with pembrolizumab, whose
tumors express PD-L1 as determined by an FDA-approved
test, as evidence of a clinically meaningful magnitude of
response. Moreover, the responses reported were notably
durable,with44%ofpatientshaving responsedurationof$6
months at the time of the analysis. This ORR exceeded the

reported ORR for any of the approved drugs for second-line
treatment of unselected patients with NSCLC at the time of
this approval.

At the time of the data analysis, the FDA requested the
interim analysis results from the ongoing Keynote 010 trial
entitled, “A randomized, controlled, trial of pembrolizumab
(2mg/kg or 10mg/kg every threeweeks [Q3W]) vs docetaxel
75mg/m2 in patients with NSCLC whose tumors express PD-
L1 and who have experienced disease progression after
platinum-containing systemic therapy.” These data were
not available to Merck and were provided in a blinded
fashion by a data safety monitoring committee. The results
for the interim analysis of PFS and OS from this study were
supportive of the activity of pembrolizumab in patients
with metastatic NSCLC and were considered in the assess-
ment of benefit-risk.

Uncertainty of Clinical Benefit
The primary efficacy population for the analysis of ORR in
patients with metastatic NSCLC included a small number of
patients with limited follow-up, and there remains un-
certainty as to the correlation of ORR and duration of re-
sponse to ultimate outcomes of clinical benefit, including
OS. A recent analysis of 14 randomized, controlled trials
including .12,000 patients with advanced NSCLC demon-
strated an association between ORR and PFS, but not
OS, based on a trial-level analysis. However, evaluation of
the patient-level analysis did indicate that patients who
achieved a response had improved PFS and OS compared
with nonresponders [10].

Given the uncertainty of benefit to patients, tradi-
tional approval of pembrolizumab for patients with meta-
static NSCLC requires confirmation of clinical benefit, as
described in the accelerated approval regulations. Key-
note 010 is an ongoing study in patients with metastatic
NSCLC with PFS and OS as coprimary endpoints. Patients
are randomized to receive docetaxel or pembrolizumab at
a dose of 2 or 10 mg/kg every 3 weeks; therefore, the
study aims to define the optimal dose of pembrolizumab
in the metastatic NSCLC population in addition to demon-
strating clinical benefit.

Uncertainty Regarding the Dose
Although the patients included in the primary efficacy
analysis were treated with 10 mg/kg pembrolizumab
every 2 or 3 weeks, the dose approved for use is 2 mg/kg
every 3 weeks. There were several factors that were
considered in the decision to approve this dose. (a) The
exposure-response relationships for efficacy and safety
are flat over the pembrolizumab dosing regimens studied
in patients with NSCLC. (b) Given that pembrolizumab’s
mechanism of action does not necessarily involve direct
binding to cancer cells, the effective dose-response relationship
ispostulatedtobethesameacrosstumortypes; therefore,there
is biological plausibility that a lower dose of pembrolizumab
has comparable antitumor activity (as was demonstrated in
patients withmetastaticmelanoma). (c) Supportive data from
patients treated with the approved dose in part F3 were
considered. (d) Supplemental data available to FDA from the
ongoing Keynote 010 trial at the time of the review were

Table 5. Incidence of immune-related adverse events

occurring in patients treated with pembrolizumab, by disease

Adverse event

Pembrolizumab (%)

Melanoma (n5 411) NSCLC (n5 550)

Pneumonitis 2.9 3.5

Colitis 1 0.7

Hyperthyroidism 1.2 1.8

Hypothyroidism 8.3 6.9

Abbreviation: NSCLC, non-small cell lung cancer.

Table4. Adverse reactions occurring in$10%ofpatientswith

metastatic NSCLC on Keynote 001

Adverse reaction
All grades
(%)

Grade 3a
(%)

Generaldisordersandadministrationsite
conditions

Fatigue 44 4

Pyrexia 12 1

Peripheral edema 10 0

Metabolism and nutrition disorders

Decreased appetite 25 1

Respiratory, thoracic, and mediastinal
disorders

Cough 29 ,1

Dyspnea 23 4

Gastrointestinal disorders

Nausea 18 1

Diarrhea 15 1

Constipation 15 ,1

Vomiting 12 1

Skin and subcutaneous tissue disorders

Rash 18 ,1

Pruritus 12 0

Musculoskeletal and connective tissue
disorders

Arthralgia 15 1

Back pain 10 2

Blood and lymphatic system disorders

Anemia 12 2
aOf the$10% adverse reactions, none was reported as grade 4 or 5.
Abbreviation: NSCLC, non-small cell lung cancer.
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considered in the determination that the proposed dose of
2 mg/kg every 3 weeks provided an acceptable benefit-risk
profile for patients. Recently, the sponsor reported that
preliminary results fromthis trial demonstrated improvedOS
in patients treatedwithpembrolizumab at eitherdose compared
with docetaxel.

Significance of PD-L1 Tumor Expression
In the trials used to support approval of nivolumab in patients
withmetastatic squamousNSCLC, there did not appear to be a
correlationbetweenoutcomes andPD-L1 tumor status [11]. In
contrast, the preliminary results from Keynote 001 suggested
a correlation between high PD-L1 tumor expression and
antitumor activity of pembrolizumab in patients with meta-
static NSCLC [12]. Since the approval of pembrolizumab
described in this paper, nivolumab received an expanded
indication to include patients with metastatic nonsquamous
NSCLC in October 2015.This expanded indication was granted
based on the results of a single study that demonstrated a
statistically robust and clinically meaningful improvement
in OS in patients with nonsquamous NSCLC treated with
nivolumab versus docetaxel.The treatment effect of nivolumab
appeared tobe largely restricted topatientswithPD-L1positive
(PD-L1 expression in $1% of tumor cells) or PD-L1 strongly
expressing (PD-L1 expression in $5% or 10%), with increasing
magnitude of treatment effects on OS, PFS, and ORR with
higher levels of PD-L1 expression.

It is worth noting that the PD-L1 assays utilized in the
nivolumab and pembrolizumab studies were different, and
results cannot be directly compared across studies. Early data
from Keynote 010 indicates that patients with tumors that

were designated as PD-L1 weakly positive (PD-L1 1%–49%)
may also benefit from pembrolizumab treatment. Whether
efficacy of anti-PD-L1 therapy varies with PD-L1 tumor ex-
pression and whether such a relationship is applicable for all
histologies or subgroups (e.g., nonsquamous, squamous,
EGFR1, etc.) remains unclear. Ongoing studies in various
other cancers will likely provide additional insight.

CONCLUSION
The accelerated approval of pembrolizumab for patients with
metastatic NSCLC whose tumors express PD-L1 and who have
disease progression on or after platinum-containing chemo-
therapy is concurrentwith approval of a companiondiagnostic
test for this patient population. Confirmationofclinical benefit
is required for traditional approval, and results from Keynote
010 are pending. Further investigation to evaluate the role of
PD-L1 tumor expression as a predictive biomarker is needed in
lung cancer and other malignancies.
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Table 6. Benefit-risk analysis of pembrolizumab for patients with metastatic NSCLC whose tumors express PD-L1 and who have

disease progression on or after platinum-containing chemotherapy

Parameter Benefit-risk analysis

Disease Patientswithmetastatic NSCLC and disease progression on or after platinum-containing chemotherapy have
a serious and life-threatening condition with historic median survival rates of 8 to 9 months.

Unmet medical need PatientswithmetastaticNSCLCwithdiseaseprogressiononorafterplatinum-containing chemotherapyhave
few available therapies and are generally treated with standard cytotoxic chemotherapies that yield low
response rates (7%–12%) in unselected patient populations.

Clinical benefit The ORR for patients with metastatic NSCLC treated with pembrolizumab, whose tumors express PD-L1 as
determined by an FDA-approved test, was 41% (95% CI: 28.6, 54.3). Response rate is an accepted surrogate
endpoint for clinical benefit in this patient population.

Risk Themostcommonadverse reactionsobserved inpatientswithNSCLC receivingpembrolizumabwere fatigue,
decreased appetite, dyspnea and cough.

Immune-mediated adverse reactions occurred in 13% of patients and included pneumonitis, colitis,
hypophysitis and thyroid disorders.

Uncertainties Although response rate is an accepted surrogate endpoint for clinical benefit in this patient population, the
assessment of ORR was conducted in a small population of patients (n5 61) and additional studies are
required to confirm clinical benefit.

Moreover, the optimal dose of pembrolizumab for the treatment of patients with metastatic NSCLC is
uncertain, and is currently being investigated in a large randomized trial.

Additional information on the utility of PD-L1 tumor expression as a predictive biomarker for response to
anti-PD-L1 therapies is needed.

Conclusions Pembrolizumab meets the criteria for accelerated approval based on a favorable benefit-risk profile for the
treatmentofpatientswithmetastaticNSCLCwhohaveprogressedonorafterplatinum-basedchemotherapy.
Patients with EGFR or ALK genomic tumor aberrations should have disease progression on FDA-approved
therapy for these aberrations before receiving pembrolizumab.

Abbreviations:ALK, anaplastic lymphomakinase;EGFR,epidermalgrowth factor receptor; FDA,U.S.FoodandDrugAdministration;NSCLC,non-small cell
lung cancer; ORR, objective response rate; PD-L1, programmed death-ligand 1.
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EDITOR’S NOTE: See the related commentary,“Into the ClinicWith Nivolumab and Pembrolizumab,” by Catherine A. Shu and
Naiyer A. Rizvi, on page 527 of this issue.
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