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Background: In non-small-cell lung cancers with programmed death-ligand 1 (PD-L1) expression on�50% of tumor cells, first-
line treatment with the PD-1 inhibitor pembrolizumab improves survival compared with platinum-doublet chemotherapy.
Whether higher PD-L1 levels within the expression range of 50%–100% predict for even greater benefit to pembrolizumab is
currently unknown.

Patients and methods: In this multicenter retrospective analysis, we analyzed the impact of PD-L1 expression levels on the
overall response rate (ORR), median progression-free survival (mPFS), and median overall survival (mOS) in patients who
received commercial pembrolizumab as first-line treatment of non-small-cell lung cancer (NSCLC) with a PD-L1 expression of
�50% and negative for genomic alterations in the EGFR and ALK genes .

Results: Among 187 patients included in this analysis, the ORR was 44.4% [95% confidence interval (CI) 37.1% to 51.8%], the
mPFS was 6.5 months (95% CI 4.5–8.5), and the mOS was not reached. The median PD-L1 expression level among patients who
experienced a response to pembrolizumab was significantly higher than among patients with stable or progressive disease
(90% versus 75%, P< 0.001). Compared with patients with PD-L1 expression of 50%–89% (N¼ 107), patients with an expression
level of 90%–100% (N¼ 80) had a significantly higher ORR (60.0% versus 32.7%, P< 0.001), a significantly longer mPFS [14.5
versus 4.1 months, hazard ratio (HR) 0.50 (95% CI 0.33–0.74), P< 0.01], and a significantly longer mOS [not reached versus
15.9 months, HR 0.39 (95% CI 0.21–0.70), P¼ 0.002].

Conclusion: Among patients with NSCLC and PD-L1 expression of �50% treated with first-line pembrolizumab, clinical
outcomes are significantly improved in NSCLCs with a PD-L1 expression of�90%. These findings have implications for
treatment selection as well as for clinical trial interpretation and design.
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Introduction

The incorporation of programmed death-1 (PD-1) pathway

inhibitors in the first-line treatment of metastatic non-small-cell

lung cancer (NSCLC) has recently revolutionized care for this

population. Because only a subset of NSCLCs will respond to im-

munotherapy, the identification of biomarkers that predict
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benefit from PD-1 inhibitors is of great interest. In the

KEYNOTE-001 study, NSCLCs with immunohistochemical ex-

pression of the PD-1 ligand, PD-L1, on at least half of tumor cells

(a tumor proportion score of �50%) had improved clinical out-

comes after treatment with the PD-1 inhibitor pembrolizumab

compared with tumors with lower PD-L1 levels [1].

As a result, a PD-L1 expression level of �50% was selected

for further clinical development in the KEYNOTE-024 study,

a randomized phase III trial which demonstrated prolonged

overall survival (OS) in patients treated with first-line pem-

brolizumab compared with those treated with platinum doub-

let chemotherapy for advanced NSCLCs with a PD-L1

expression level of �50% and lacking mutations in the epi-

dermal growth factor receptor (EGFR) or rearrangements in

anaplastic lymphoma kinase (ALK) [2]. In the pembrolizumab

arm of this study, the overall response rate (ORR) was 44.8%,

the median progression-free survival (mPFS) was 10.3 months,

and the median OS (mOS) was 30.0 months [2, 3]. These

results were immediately practice-changing and now PD-L1

expression is routinely tested in patients with newly diagnosed

NSCLC. In addition, platinum doublet chemotherapy plus

pembrolizumab is now also a standard option for advanced

NSCLC in the first-line setting regardless of PD-L1 expression

levels based on the KEYNOTE-189 and KEYNOTE-407 stud-

ies [4, 5]. However, an unresolved question is whether to use

pembrolizumab monotherapy or pembrolizumab plus chemo-

therapy in patients with NSCLC and a PD-L1 level �50%.

Biomarkers that can even more successfully enrich for patients

who respond to pembrolizumab may help further refine the

use of monotherapy and spare patients the added toxicities of

chemotherapy.

As PD-L1 expression is a continuous biomarker that corre-

lates with immunotherapy efficacy in NSCLC [1–3], we

hypothesized that among patients with NSCLC and a PD-L1

expression level of 50%–100%, those with the highest levels

of PD-L1 expression would experience improved clinical out-

comes to treatment with first-line pembrolizumab. Therefore,

we conducted a multicenter retrospective analysis of patients

with advanced NSCLC and PD-L1 expression of �50%

treated with first-line commercial pembrolizumab and exam-

ined the relationship between PD-L1 expression levels and

clinical outcomes.

Methods

Study population

We retrospectively analyzed data from four participating academic cen-
ters: the Dana-Farber Cancer Institute, the Memorial Sloan Kettering
Cancer Center, MD Anderson Cancer Center, and the Massachusetts
General Hospital. Patients were included if they had consented to institu-
tional review board-approved medical record review protocols at each in-
stitution and had advanced NSCLC without EGFR mutations or ALK
rearrangements and a PD-L1 expression level of�50% who were treated
with at least one dose of commercial pembrolizumab monotherapy in
the first-line setting. Patients who had previously received cytotoxic
chemotherapy and/or radiation therapy for early-stage NSCLC were eli-
gible for this study if they had completed prior therapy�6 months before
the start of pembrolizumab.

Clinical outcomes

The ORR and PFS were determined by blinded radiologists at each par-
ticipating institution using Response Evaluation Criteria In Solid
Tumors (RECIST) version 1.1. PFS was defined as the time from the start
of pembrolizumab to the date of disease progression or death, whichever
occurred first. Patients who were alive without disease progression were
censored on the date of their last disease assessment. OS was defined as
the time from the start of immunotherapy to death. Patients who were
still alive at the time of data analysis were censored at the date of last
contact.

PD-L1 testing and tumor mutational burden
assessment

PD-L1 expression was reported as a percentage of tumor cells with posi-
tive membranous staining using a variety of immunohistochemical anti-
bodies and platforms depending on local institutional practice. Tumor
mutational burden (TMB) was calculated at two institutions using the
OncoPanel (Dana-Farber Cancer Institute) and MSK-Impact (Memorial
Sloan Kettering Cancer Center) platforms, as previously described [6, 7].

Statistical analysis

Categorical and continuous variables were summarized using descriptive
statistics. The Wilcoxon rank sum test was used to test for differences in
continuous variables between groups, and Fisher’s exact test was used to
test for associations between categorical variables. A recursive partition-
ing algorithm was used to investigate an optimal grouping of PD-L1 ex-
pression levels with respect to ORR, PFS, and OS using the Rpart
function in R [8] and identified a primary split at a PD-L1 expression
level of 87.5%, which was rounded up to 90% for further investigation in
this study. Furthermore, as objective response rates to pembrolizumab in
NSCLC have previously been evaluated according to increasing PD-L1
expression quartiles [1], we also investigated the efficacy of pembrolizu-
mab by increasing PD-L1 expression quartiles of 50%–74% versus 75%–
100%.

Event-time distributions were estimated using Kaplan–Meier method-
ology, and the Greenwood formula was used to estimate the standard
errors of the estimates. Log-rank tests were used to test for differences in
event-time distributions, and Cox proportional hazards models were fit-
ted to obtain estimates of hazard ratios in univariate and multivariate
models. All P-values are 2-sided and CIs are at the 95% level, with signifi-
cance pre-defined to be at the 0.05 level.

Results

Patient characteristics and PD-L1 expression

Clinicopathologic characteristics of the 187 patients with

advanced NSCLC (EGFR and ALK negative) and a PD-L1 expres-

sion level of�50% who received first-line commercial pembroli-

zumab are shown in supplementary Table S1, available at Annals

of Oncology online. The median age of patients in this study was

68 (range 35–92), 93.6% of patients had a history of tobacco use,

and 73.8% had adenocarcinoma histology. Among the 162

(86.6%) patients with available genomic testing, an activating

KRAS mutation was identified in 44.4% of patients. A variety of

PD-L1 immunohistochemical antibodies were used to determine

PD-L1 expression levels, including E1L3N (66.3%), 22C3

(32.1%), SP263 (1.1%) and 28-8 (0.5%). In the entire cohort of

patients, the median PD-L1 level was 80% (range 50–100) and

the mean PD-L1 level was 76.1% (SD 616.7). The distribution of
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PD-L1 expression in the entire cohort of patients according to

deciles is represented in supplementary Figure S1, available at

Annals of Oncology online.

Efficacy of pembrolizumab according to PD-L1
expression

In the cohort of 187 NSCLC patients treated with first-line com-

mercial pembrolizumab, the ORR was 44.4% (95% CI 37.1% to

51.8) (supplementary Figure S2A, available at Annals of Oncology

online). At a median follow-up of 12.6 months (95% CI 11.6–

13.6), the mPFS was 6.5 months (95% CI 4.5–8.5, supplementary

Figure S2B, available at Annals of Oncology online), and the mOS

was not reached (supplementary Figure S2C, available at Annals

of Oncology online), calculated from the start date of immuno-

therapy. Patients who experienced a partial response to pembroli-

zumab had a significantly higher median PD-L1 expression level

than patients with a best objective response of stable or progres-

sive disease (expression 90% versus 75%, P< 0.001, Figure 1).

A recursive partitioning algorithm was used to investigate an

optimal grouping of PD-L1 expression levels with respect to

ORR, PFS, and OS, which identified a primary split at a PD-L1

expression level of 87.5%. Additionally, because the median PD-

L1 expression among responders to pembrolizumab was 90%, we

explored clinical outcomes in patients with NSCLC and a PD-L1

expression of 50%–89% (N¼ 107, representing 57.2% of the en-

tire cohort) compared with a PD-L1 expression of 90%–100%

(N¼ 80, representing 42.8% of the entire cohort). Baseline clini-

copathological characteristics were generally balanced between

the two cohorts in terms of age, sex, histology, smoking status,

KRAS mutation status, and Eastern Cooperative Oncology

Group (ECOG) performance status (PS) (Table 1).

In patients with a PD-L1 expression level of 90%–100%, the

ORR to pembrolizumab was 60.0% (95% CI 48.4% to 70.8%),

which was significantly higher than the ORR of 32.7% (95% CI

23.9% to 42.4%) observed in patients with a PD-L1 expression of

50% to 89% (P< 0.001, Figure 2A and B). The mPFS was signifi-

cantly longer in the PD-L1 expression 90%–100% group com-

pared with the PD-L1 50%–89% group [14.5 versus 4.1 months,

HR 0.50 (95% CI 0.33–0.74), P< 0.01, Figure 3A). The mOS was

also significantly longer in the PD-L1 expression 90%–100%

group compared with the PD-L1 expression 50%–89% group

[not reached versus 15.9 months, HR: 0.39 (95% CI 0.21–0.70),

P¼ 0.002, Figure 3B). The median duration of treatment

(mDOT) was 6.3 months (95% CI 4.30–8.31) and 3.2 months

(95% CI 1.37–5.00) among patients with a PD-L1 expression of

90%–100% and 50%–89%, respectively. After adjusting for

ECOG performance status, a PD-L1 expression level of 90%–

100% was significantly associated with improved PFS [HR 0.50

(95% CI 0.34–0.75), P< 0.01] and OS [HR 0.39 (95% CI 0.23–

0.70), P¼ 0.002] (supplementary Table S2, available at Annals of

Oncology online).

We also investigated the clinical outcomes in patients accord-

ing to increasing PD-L1 expression quartiles 50%–74% (N¼ 75;

40.1% of the entire cohort) versus 75%–100% (N¼ 112; 59.9%

of the entire cohort). Baseline clinicopathological characteristics

Figure 1. Distribution of programmed death-ligand 1 (PD-L1) ex-
pression values in patients who achieved a partial or complete re-
sponse (PR/CR) to pembrolizumab monotherapy compared with
those with a best objective response of progressive or stable disease
(PD/SD). Shown are the median and interquartile range for each
group.

Table 1. Characteristics of patients with non-small-cell lung cancer (NSCLC)
and a programmed death-ligand 1 (PD-L1) expression level of 50%–89%
versus 90%–100%

Clinical characteristic PD-L1 level
50%–89%
N 5 107 (%)

PD-L1 level
90%–100%
N 5 80 (%)

P value

Age, median (range) 68 (35–92) 68 (43–88) 0.70
Sex

Male 57 (53.3) 38 (47.5) 0.46
Female 50 (46.7) 42 (52.5)

Smoking status
Current/former 97 (90.7) 78 (97.5) 0.07
Never 10 (9.3) 2 (2.5)

Histology
Adenocarcinoma 77 (72.0) 61 (76.3)
Squamous cell carcinoma 20 (18.7) 8 (10.0) 0.20
NSCLC NOS 10 (9.3) 11 (13.8)

KRAS mutation status
Present 38 (41.3) 34 (48.6) 0.42
Absent 54 (58.7) 36 (51.4)
Not assessed 15 10

ECOG performance status
0–1 86 (80.4) 67 (83.8) 0.57
�2 21 (19.6) 13 (16.2)

ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise
specified.
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were again well balanced between the two cohorts in terms of

age, sex, histology, smoking status, and Eastern Cooperative

Oncology Group (ECOG) performance status (PS) (supplemen-

tary Table S3, available at Annals of Oncology online). However,

patients with a PD-L1 expression level of 75%–100% were more

likely to have a KRAS mutation (51.5% versus 32.8%, P¼ 0.02).

Patients with a PD-L1 expression level of 75%–100% had a sig-

nificantly higher response rate compared with patients with a

PD-L1 expression level of 50%–74% [ORR 53.6% (95% CI 43.9–

63.0) versus 30.7% (95% CI 20.5–42.4), P¼ 0.003, supplemen-

tary Table S3A and B, available at Annals of Oncology online). The

mPFS was significantly longer in the PD-L1 expression 75%–

100% group than in the 50%–74% group [7.8 versus 4.3 months,

HR 0.63 (95% CI 0.43–0.92), P¼ 0.02, supplementary Figure

S4A, available at Annals of Oncology online). There was no signifi-

cant difference in mOS between the PD-L1 expression 75%–

100% group and the expression 50%–74% group [not reached

versus 20.3 months, HR 0.62 (95% CI 0.37–1.03), P¼ 0.07, sup-

plementary Figure S4B, available at Annals of Oncology online).

The mDOT was 5.5 months (95% CI 4.12–6.92) and 2.7 months

(95% CI 1.74–3.78) among patients with a PD-L1 expression

level of 75%–100% and 50%–74%, respectively. After adjusting

for ECOG performance status, PD-L1 expression of 75%–100%

was significantly associated with improved PFS [HR 0.62 (95%

CI 0.42–0.91), P¼ 0.01] but not OS (supplementary Table S4,

available at Annals of Oncology online).

We lastly investigated whether TMB impacted outcomes to

pembrolizumab in the entire cohort of patients with a PD-L1 ex-

pression�50%. Data from two different platforms were available

in 91 patients (48.6% of the cohort). To determine whether there

was a significant difference in clinical outcomes by TMB, we fit a

multivariate Cox model with TMB as a continuous measurement

and adjusted for institution. Among NSCLCs with a PD-L1 ex-

pression level �50%, we found no association of TMB with

prolonged PFS [HR 0.98 (95% CI 0.95–1.02), P¼ 0.29] or OS

[HR 0.96 (95% CI 0.91–1.01), P¼ 0.14].

Discussion

In this report, we demonstrate that among patients with NSCLC

and a PD-L1 expression level �50% treated with first-line pem-

brolizumab, clinical outcomes are improved with increasing PD-

L1 expression levels �75% and particularly �90%. Among the

full cohort of 187 patients in our study, the ORR was 44.4%,

which is similar to that observed in the KEYNOTE-024 study [2,

3]. The shorter mPFS in our study compared with KEYNOTE-

024 may reflect that this was a non-clinical trial population, in

which 18.2% of patients had an ECOG PS�2. The ORR to pem-

brolizumab in our study among patients with a PD-L1 expression

level of 50%–89% was 32.7%, which is similar to the response

rate of first-line platinum doublet chemotherapy [9–11].

Current treatment decisions in the first-line setting for patients

with NSCLC lacking targetable genomic alterations are often

impacted by PD-L1 expression levels; patients with PD-L1 levels

�50% typically receive pembrolizumab monotherapy and those

with low or absent PD-L1 expression are treated with a combin-

ation of a PD-(L)1 inhibitor plus platinum doublet chemother-

apy. However, there has been no direct comparison of

pembrolizumab with or without chemotherapy in patients with a

PD-L1 level �50%, and this is a source of ongoing debate about

which regimen is optimal for this population. Our results suggest

that patients with NSCLC and very high PD-L1 expression levels

might be well-suited for receive treatment with pembrolizumab

monotherapy rather than in combination with chemotherapy.

Recently, in the KEYNOTE-042 study, pembrolizumab mono-

therapy significantly prolonged OS compared with standard

chemotherapy in patients with a PD-L1 expression level of

�50%, �20%, and �1%. However, in a prespecified exploratory

Figure 2. (A) The best objective response to pembrolizumab is shown as a percent change of target lesions from baseline in
evaluable patients in patients with a non-small-cell lung cancer programmed death-ligand 1 (PD-L1) expression level of 50%–89% versus
90%–100%. (B) Histograms showing the response rate to first-line pembrolizumab in the PD-L1 expression 50%–89% versus 90%–100%
groups.
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analysis of patients with NSCLC and a PD-L1 expression level of

1%–49%, there was no significant difference in mOS, suggesting

that the survival benefit observed in the entire cohort of patients

with a PD-L1 expression level of �1% was primarily driven by

patients whose cancers expressed high PD-L1 levels [12].

Similarly, in the JAVELIN Lung 200 trial comparing the PD-L1

inhibitor avelumab to docetaxel in previously treated NSCLC,

clinical outcomes to immunotherapy appeared to improve with

increasing PD-L1 expression cutoffs of �1%, �50%, and �80%

[13]. Additional analyses from completed first-line immunotherapy

clinical trials of outcomes in patients with NSCLC and PD-L1 ex-

pression levels �75% and �90% may help to validate the findings

in our non-clinical trial population.

There are number of ongoing or planned first-line randomized

phase II and III trials exploring novel treatment strategies in com-

bination with PD-1 pathway inhibitors either in NSCLCs with

PD-L1 expression�50% or in all-comers with NSCLC regardless

of PD-L1 level. These studies should employ stratification meas-

ures to ensure that randomized groups are evenly balanced by

various PD-L1 levels; otherwise, differences in outcomes may be

Figure 3. Kaplan–Meier curves for (A) progression-free survival and (B) overall survival to first-line pembrolizumab in the programmed
death-ligand 1 (PD-L1) expression 50%–89% and 90%–100% groups. HR, hazard ratio; CI, confidence interval; NR, not reached.
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the result of imbalances in PD-L1 distribution rather than the

treatment intervention. In addition, retrospective analyses have

explored factors such as TMB [14], concurrent STK11/LKB1

mutations [15], or prior radiation [16] in predicting response

and resistance to immunotherapy in NSCLC. Future analyses of

such factors should adjust for PD-L1 expression on a continuous

scale from 0% to 100%.

Our study is limited by its retrospective nature. Furthermore,

different PD-L1 immunohistochemical antibodies were used in

this study other than Food and Drug Administration-approved

22C3 diagnostic test; however, studies have shown good concord-

ance among the E1L3N, 22C3, and 28-8 antibodies which were

used in 99% of cases in the present study [17, 18].

While we currently select targeted therapies with kinase inhibi-

tors based on the binary presence or absence of alterations in

genes such as EGFR, ALK, ROS1, BRAF, and others, an increasing

number of continuous biomarkers, including PD-L1 expression,

TMB [19, 20], gene expression profile [21], infiltrating immune

cells, and T-cell receptor clonality [22], appear to influence out-

comes to immune checkpoint inhibitors in NSCLC. An emerging

challenge in oncology will be developing rapid diagnostics to in-

tegrate these multiple, complex biomarkers in order to select the

safest and most effective therapies for patients with cancer.
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