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PD-L1 expression and efficacy of pembrolizumab as monotherapy
in NSCLC

Jan Trest Jorgensen

Medical Sciences, Dx-Rx Institute, Fredensborg, Denmark
Correspondence to: Jan Trost Jorgensen. Medical Sciences, Dx-Rx Institute, Baunevaenget 76, 3480 Fredensborg, Denmark. Email: jan.trost@dx-rx.dk.
Provenance and Peer Review: This article was commissioned by the editorial office, Chinese Clinical Oncology. The article did not undergo external peer review.

Comment on: Mok TSK, Wu YL, Kudaba I, e al. Pembrolizumab versus chemotherapy for previously untreated, PD-L1-expressing, locally advanced

or metastatic non-small-cell lung cancer (KEYNOTE-042): a randomised, open-label, controlled, phase 3 trial. Lancet 2019;393:1819-30.

Submitted Dec 07, 2019. Accepted for publication Jan 09, 2020.
doi: 10.21037/¢c0.2020.01.03
View this article at: http://dx.doi.org/10.21037/cc0.2020.01.03

Introduction

The introduction of programmed death-1 (PD-1) and
the programmed death-ligand 1 (PD-L1) inhibitors have
significantly impacted cancer therapy over a relatively short
period of time. Within the past 5 years, the PD-1/PD-L1
inhibitors have become standard of care for 16 different
cancer and tumor-agnostic indications. Some of the largest
clinical development programmers ever seen in oncology
have supported this expansion. Not only has the number of
clinical indications been expanded, but also the number of
compounds. By the end of 2019, nine different PD-1/PD-11
inhibitors have obtained regulatory approval in different
countries worldwide; however, three of these compounds
are currently available in China only (1). The first immune
checkpoint inhibitors to be approved by the regulatory
authorities were pembrolizumab (Keytruda, Merck Sharp
& Dohme) and nivolumab (Opdivo, Bristol-Myers Squibb).
In 2014, both compounds obtained approval for treatment
of patients with advanced melanoma, which in 2015, was
followed by an approval for second-line treatment of
metastatic non-small cell lung cancer NSCLC) (2).

For pembrolizumab, the first NSCLC indication was
based on data from the KEYNOTE-001 study, which was
an expanded large-scale phase Ib study. Besides assessing
the safety and efficacy of pembrolizumab, this study also
aimed at clinical validating the immunohistochemical
(IHC) 22C3 assay for the determination of PD-L1 tumor
expression (3). The KEYNOTE-001 study showed that
the response to pembrolizumab was positively related to
the PD-L1 expression level and based on the outcome data
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from the study, a tumor proportion score (TPS) of 50% was
selected as the assay cut-off value. In parallel to the approval
of pembrolizumab for second-line treatment of metastatic
NSCLC, the PD-L1 22C3 IHC pharmDx assay (Dako)
was granted approval as the companion diagnostic (2).
In the subsequent KEYNOTE-010 study, which was a
phase II/III study in second-line metastatic NSCLC, the
TPS cut-off value was lowered to 1% (4). However, when
pembrolizumab in the KEYNOTE-024 study moved into
the first-line setting, the 50% PD-L1 TPS was reintroduced
as cut-off value using the PD-L1 22C3 IHC pharmDx assay.

KEYNOTE-024

In the KEYNOTE-024 phase III study, 305 metastatic
NSCLC patients, without EFGR or ALK tumor aberrations,
and with a PD-L1 TPS >50% were randomized to receive
pembrolizumab or platinum-based chemotherapy using
an open-label design (5-7). The assessment of the PD-L1
tumor expression was performed by the PD-L1 22C3 THC
pharmDx assay. Patients assigned to chemotherapy were
allowed to cross over to pembrolizumab, which was the
situation for 82 patients. For the primary study endpoint
of progression free survival (PFS), pembrolizumab showed
superiority over platinum-based chemotherapy. The median
PFS was 10.3 months in the group of patients who received
pembrolizumab and 6.0 months in the chemotherapy group
[hazard ratio (HR) 0.50 (95% CI: 0.37-0.68)]. Overall
survival (OS) was a secondary endpoint and based on a
median follow-up time of 25.2 months, the median OS

Chin Clin Oncol 2020;9(4):60 | http://dx.doi.org/10.21037/cc0.2020.01.03


https://crossmark.crossref.org/dialog/?doi=10.21037/cco.2020.01.03

Page 2 of 5

Table 1 Hazard ratios for overall and progression free survival in

the KEYNOTE-042 study

PD-L1 TPS HR (95% CI) P
0Ss
TPS 1-49% 0.92 (0.77-1.11) -
TPS =1% 0.81(0.71-0.93) 0.0018
TPS =20% 0.77 (0.64-0.92) 0.0020
TPS =50% 0.69 (0.56-0.85) 0.0003
PFS
TPS =1% 1.07 (0.94-1.21) -
TPS =20% 0.94 (0.80-1.11) -
TPS =50% 0.81 (0.67-0.99) 0.0170

PD-L1, programmed death-ligand 1; TPS, tumor proportion
score; HR, hazard ratio; OS, overall survival; PFS, progression
free survival.

for the pembrolizumab group was 30.0 months and for
the chemotherapy group 14.2 months [HR 0.63; 95% CI:
0.47-0.86]. When the data was adjusted for crossover, the
HR) for OS for pembrolizumab versus chemotherapy was
[HR 0.49 (95% CI: 0.34-0.69)]. A likewise positive result
was seen with respect to the objective response rate (ORR).
Here the pembrolizumab group showed an ORR of 44.8%
compared to 27.8% for the patients who received platinum-
based chemotherapy. Based on the results from this study, it
was concluded that first-line pembrolizumab monotherapy
in patients with metastatic NSCLC and a PD-L1
TPS >50% showed a PFS and OS benefit over platinum-
based chemotherapy (5-8). Furthermore, pembrolizumab
monotherapy was associated with fewer treatment related
grade 3 to 5 adverse events compared to chemotherapy (6).
Based on the results from the KEYNOTE-024 study, testing
for PD-L1 expression is now routinely performed in patients
with newly diagnosed NSCLC, and in many countries
pembrolizumab monotherapy has become standard treatment
for patients with a PD-L1 TPS >50% (8).

KEYNOTE-042
In the KEYNOTE-042 study, pembrolizumab was further

evaluated as monotherapy in an open labeled randomized
phase IIT multicentre study conducted in more than
30 countries worldwide, including China (9). In the study,
1275 NSCLC patients, without EGFR or ALK tumor

aberrations, were randomized to receive pembrolizumab
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(N=638) or platinum-based chemotherapy (N=637). The
assessment of the PD-L1 expression was performed by
the PD-L1 22C3 IHC pharmDx assay. The design of the
KEYNOTE-042 study was similar to KEYNOTE-024,
but in contrast to this, it did not permit crossover to
pembrolizumab for patients in the chemotherapy arm.
However, the most important difference between the two
studies was that KEYNOTE-042 allowed enrollment
of patients with a PD-L1 TPS >1%. The primary study
endpoint was OS with PFS as a secondary endpoint.
Furthermore, the study was designed to evaluate the study
endpoints in relation to three different PD-L1 TPS cohorts
defined as; TPS >50%, TPS >20% and TPS >1%. In
addition to these three expression levels, a fourth PD-L1
TPS of 1-49% was included as an exploratory endpoint.
For OS, all three prespecified PD-L1 TPS cohorts
showed that treatment with pembrolizumab was superior
to platinum-based chemotherapy. The HR’s for the three
PD-L1 TPS were in favor of pembrolizumab, as shown in
Table 1, and similar for the corresponding median OS,
as shown in Figure 1. When the data for the three cut-
off levels are compared there seems to be a positive
relation between PD-L1 expression and the efficacy
of pembrolizumab. The median OS increases with
increasing PD-L1 expression while the HR’s decreases.
As shown in Figure 1, the median OS for PD-L1 TPS
>1% was 16.7 months which increased to 20.0 months for
PD-L1 TPS >50% (9). However, it is important to note that
the increased survival benefit across the different PD-L1
expression cohorts was mainly driven by the PD-L1 TPS
>50% group (8). The analyses of data from the PD-L1 TPS
>1% and TPS >20% cohorts are confounded by the data
from the PD-L1 TPS >50% cohort. It becomes particularly
clear when looking at the exploratory analysis of the PD-
L1 TPS 1-49% data. The median OS for this cohort was
13.4 months, which is similar to platinum-based
chemotherapy and the HR for the comparison was
insignificant [HR 0.92 (95% CI, 0.77-1.11)]. If the
KEYNOTE-042 study should have been able to explore
a potential differential response to pembrolizumab
monotherapy, it should have been analyzed differently.
The data should have been divided into non-overlapping
intervals as the following: PD-L1 TPS 1-19%, PD-L1 TPS
20-49%, and PD-L1 TPS >50%. However; whether this
would have provided additional information is doubtful, as
the comparison of PD-L1 TPS 1-49% and PD-L1 TPS
>50% clearly indicates that pembrolizumab monotherapy is
superior in patients with a PD-L1 TPS >50%. Anyhow, it
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Pembro TPS 1-49%
(N=338)

| 13.4

Chemo TPS 1-49%

| 12.1

(N=337)

Pembro TPS 1%
(N=637)

| 16.7

Chemo TPS =21%
(N=637)

| 12.1

Pembro TPS >20%
(N=413)

| 17.7

Chemo TPS =20%
(N=405)

| 13.0

Median Overall Survival/Months

Pembro TPS =50%
(N=299)

| 20.0

Chemo TPS =50%
(N=300)

| 12.2

1 18 2

Figure 1 Median overall survival in months for the prespecified PD-L1 TPS cohorts in the KEYNOTE-042 study. Pembro,
pembrolizumab; Chemo, platinum-based chemotherapy; TPS, tumor proportion score; PD-L1, programmed death-ligand 1.

would have been interesting to see if there was a difference
in the efficacy of pembrolizumab given as monotherapy to
patients with a PD-L1 TPS 1-19% or PD-L1 TPS 20-49%,
respectively. Based on the size and the design of the
KEYNOTE-042 study, it should have been able to give us
this answer.

With regard to the secondary endpoint of PFS, the results
from the pembrolizumab and chemotherapy arms were
similar, as it appears from the HRs in Table 1. In the PD-L1
TPS >50% cohort, the median PFS was 7.1 months in the
pembrolizumab group and 6.4 months in the chemotherapy
group, which was the largest difference observed between
the two treatment arms for any of the TPS cohorts (9).
As in the KEYNOTE-024 study, the safety data was in
favor of pembrolizumab monotherapy. There were fewer
observed treatment related adverse events of grade 3 or more
in the pembrolizumab group compared to the platinum-
based chemotherapy group. Overall, the KEYNOTE-042
study should be seen as a study confirming the results of
KEYNOTE-024, and the conclusion must still be that a
PD-L1 TPS >50% cut-off value is the most optimal patient
selection criterion for pembrolizumab monotherapy as first-
line treatment of metastatic NSCLC (8).

PD-L1 IHC 22C3 pharmDx

The PD-L1 IHC 22C3 pharmDx assay is a qualitative
IHC assay, using the monoclonal mouse anti-PD-L1
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clone 22C3 (10,11). In 2015 when the US Food and Drug
Administration (FDA) approved pembrolizumab for second-
line treatment of patients with metastatic NSCLC, they
simultaneously approved the PD-L1 22C3 IHC pharmDx
assay as the companion diagnostic. The assay is intended for
detection of the PD-L1 protein in formalin-fixed, paraffin-
embedded NSCLC tissue specimens. The level of PD-L1
expression is expressed as a TPS, which is defined as
viable tumor cells showing partial or complete membrane
staining relative to all viable tumor cells present in the
sample. A specimen having a TPS >50% was originally
considered PD-L1 positive but later on the cut-off level
was lowered to a TPS >1%, likely based on the results from
the KEYNOTE-010 study (4). In the US FDA Summary
of Safety and Effectiveness Data document for the PD-L1
THC 22C3 pharmDx assay, it is further stated that the assay
is indicated as an aid in identifying NSCLC patients for
treatment with pembrolizumab (10).

The PD-L1 IHC 22C3 pharmDx assay stand out as
one of the very few companion diagnostic assays where
a proper cut-off selection has been performed based on
clinical outcome data and receiver operating characteristic
(ROC) analysis (11-13). The selection of the clinical cut-
off value for the assay was based on data from the phase 1b
KEYNOTE-001 study (3). This study aimed to evaluate
the safety and efficacy of pembrolizumab and to clinically
validate the PD-L1 IHC 22C3 assay. In relation to this
validation, the 495 NSCLC patients enrolled in the study
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were divided into two groups; one third of the patients was
assigned to a training group and two thirds to a validation
group. The data from the training group was used to
define the clinical cut-off value for the PD-L1 IHC 22C3
pharmDx assay, and based on ROC analysis, a PD-L1 TPS
>50% was selected as the most optimal assay cut-off value.
Subsequently, when the efficacy data from the validation
group was analyzed, using the selected cut-off value, the
results showed that patients with a TPS >50% had longer
median PFS and OS as well as a higher ORR compared to
patients with a TPS <50% (2). With a TPS >50% as cut-
off value, the area under the ROC curve was 0.743, which
corresponds to a clinical sensitivity of 70.4% and a clinical
specificity of 79.0% (3,7,12). As described above, the clinical
utility of the PD-L1 TPS >50% cut-off value has been
documented in both the first-line and second-line setting
(4,6,9). Furthermore, the recent published five-year data
form the KEYNOTE-001 study has likewise confirmed the
clinical utility of the selected PD-L1 cut-off value (14). For
the treatment-naive patients with a PD-L1 TPS >50%, the
median OS was 35.4 months compared to 19.5 months in
the group of patients with a PD-L1 TPS 1-49%. For the
previously treated patients with a PD-L1 TPS >50%, the
median OS was 15.4 months compared to 8.5 months for
patients with a PD-L1 TPS 1-49%. Based on the results
from the different first- and second-line studies with
pembrolizumab monotherapy in NSCLC, a PD-L1 TPS
>1% has subsequently been approved by the US FDA as a
general cut-off value (15). As for the original selection of
the PD-L1 TPS >50% cut-off value, it would be desirable
to have similar data on the clinical sensitivity and specificity
for the PD-L1 TPS >1%.

Pembrolizumab as monotherapy in NSCLC

Looking at the way that pembrolizumab monotherapy
for NSCLC has been developed, the PD-L1 IHC 22C3
pharmDx assay has played a key role. For both the first- and
second-line indications, the initial step was to demonstrate
safety and efficacy using PD-L1 TPS >50% as cut-off
value and then subsequently widen the indications to
include patients with PD-L1 TPS >1%. Looking at the
different clinical studies conducted with pembrolizumab
monotherapy, they seem to confirm a differential response
depending on the tumor PD-L1 expression level (3-6,9).
Across these studies, a greater survival benefit has been
shown for patients with a PD-L1 TPS >50% compared to
a PD-L1 TPS <50%. This survival benefit was observed

© Chinese Clinical Oncology. All rights reserved.

Jorgensen. PD-L1 expression and pembrolizumab in NSCLC

in both the first and second-line setting. Based on the
data from the KEYNOTE-024 and the KEYNOTE-042
studies, it is recommended that PD-L1 TPS >50% should
be used as selection criteria for first-line monotherapy with
pembrolizumab in metastatic NSCLC (8). For patients
with a lower PD-L1 tumor expression, a combination with
chemotherapy is an option either with pembrolizumab or
one of the other PD-1/PD-L1 inhibitors approved for this

indication.
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