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Objectives: Immune checkpoint inhibitors (ICIs) of programmed cell death 1/
programmed cell death ligand 1 (PD-1/PD-L1) have been rapidly adopted in US clinical
practice for first-line therapy of metastatic non-small cell lung cancer (NSCLC) since
regulatory approval in October 2016, and a better understanding is needed of long-term
outcomes of ICI therapy administered in real-world settings outside of clinical trials. Our
aim was to describe long-term outcomes of first-line pembrolizumab monotherapy at US
oncology practices for patients with metastatic NSCLC, PD-L1 expression ≥50%, and
good performance status.

Methods: This retrospective two-cohort study used technology-enabled abstraction of
deidentified electronic health records (EHR cohort) plus enhanced manual chart review
(spotlight cohort) to study adult patients with stage IV NSCLC, PD-L1 expression ≥50%,
no documented EGFR/ALK/ROS1 genomic aberration, and ECOG performance status 0–
1 who initiated first-line pembrolizumab monotherapy from 1-November-2016 to 31-
March-2020 (EHR cohort, with data cutoff 31-March-2021) or from 1-December-2016 to
30-November-2017 (spotlight cohort, with data cutoff 31-August-2020). Kaplan-Meier
analysis was used to determine overall survival (OS; both cohorts) and, for the spotlight
cohort, real-world progression-free survival (rwPFS) and real-world tumor response (rwTR).

Results: The EHR cohort included 566 patients (298 [53%] men); the spotlight cohort
included 228 (105 [46%] men); median age in both cohorts was 71. Median follow-up
from pembrolizumab initiation to data cutoff was 35.1 months (range, 12.0–52.7) and 38.4
months (range, 33.1–44.9) in EHR and spotlight cohorts, respectively. Median OS was
19.6 months (95% CI, 16.6–24.3) and 21.1 months (95% CI, 16.2–28.9), respectively; 3-
year OS rates were 36.2% and 38.2% in EHR and spotlight cohorts, respectively. In the
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spotlight cohort, median rwPFS was 7.3 months (95% CI, 5.7–9.2); 88 patients (38.6%;
95% CI, 32.2–45.2) experienced rwTR of complete or partial response. For 151/228
patients (66%) who discontinued pembrolizumab, the most common reasons were
disease progression (70 [46%]) and therapy-related adverse effects (35 [23%]).

Conclusions: Real-world outcomes remain consistent with outcomes observed in clinical
trials, supporting long-term benefits of first-line pembrolizumab monotherapy for patients
with metastatic NSCLC, PD-L1 expression ≥50%, and good performance status.
Keywords: non-small cell lung cancer (NSCLC), manual chart review, observational study, pembrolizumab, real-
world progression-free survival (rwPFS), overall survival (OS), tumor response assessment
1 INTRODUCTION

Pembrolizumab was the first immune checkpoint inhibitor (ICI)
of programmed cell death 1/programmed cell death ligand 1
(PD-1/PD-L1) approved in the United States (US) as a first-line
treatment for metastatic non-small cell lung cancer (NSCLC).
Supported by findings from the phase 3 randomized controlled
trial, KEYNOTE-024 (1), this approval, in October 2016, was for
pembrolizumab monotherapy in metastatic NSCLC with no
EGFR or ALK genomic alterations and PD-L1 tumor
proportion score (TPS) ≥50%, determined using a companion
diagnostic test.

With 5 years of follow-up available for KEYNOTE-024,
median overall survival (OS) was 26.3 months (95% CI,
18.3–40.4), and the 5-year survival rate was 32% in the
pembrolizumab arm for enrolled patients with metastatic
NSCLC (PD-L1 TPS ≥50%) and no sensitizing EGFR or ALK
alterations (2). Moreover, with 4 years of follow-up in recent
subgroup analyses of KEYNOTE-042, the median OS was 20.0
months (95% CI, 15.9–24.2), and the 3-year survival rate was
31%, in the PD-L1 TPS ≥50% subgroup of the pembrolizumab
arm (3). In another trial, KEYNOTE-598, enrolling a similar
patient population (metastatic NSCLC, PD-L1 TPS ≥50%, no
EGFR/ALK alterations), patients who received first-line
pembrolizumab monotherapy experienced median OS of 21.9
months (4).

Information from real-world settings is important to
understand whether these long-term clinical trial findings
apply to the wider population of patients who may not have
been eligible or considered for trial participation (eg, because of
comorbidities) and who are treated outside the controlled setting
of these trials (5, 6). Cohort studies conducted before ICI
approvals indicate that patients with metastatic NSCLC who
received first-line therapy (most commonly platinum-based
chemotherapy regimens) experienced a median OS of 10–11
months (7, 8). In one study, median OS was 9.7 months (95% CI,
9.1–10.3) for patients initiating first-line therapy in 2012–2015,
thus before ICI approvals in the US, for stage IV NSCLC with no
documented EGFR or ALK genomic alterations, not restricted to
those with good performance status (8).

Since 2016, ICIs have been rapidly adopted in oncology
practice as first-line therapies for advanced and metastatic
NSCLC (9–11). In a recent retrospective database study of
2

outcomes at US community oncology practices of 7746
patients initiating first-line therapy (March 2015–August 2018)
for advanced NSCLC with no documented EGFR/ALK genomic
alterations, 907 patients who initiated first-line ICI monotherapy
experienced median OS of 19.9 months (95% CI, 16.6–24.1),
superior to median OS with other recorded therapies (9). This
cohort included 22% of patients with Eastern Cooperative
Oncology Group (ECOG) performance status of 2 or greater (9).

In a prior study, we investigated outcomes for two cohorts of
patients clinically similar to those in KEYNOTE-024 who received
first-line pembrolizumab monotherapy in real-world US
community oncology settings during the first 2 years after
approval (2, 12). We observed that patients with good
performance status who were prescribed first-line pembrolizumab
monotherapy for metastatic NSCLC with PD-L1 expression ≥50%
and no known EGFR, ALK, or ROS1 alterations experienced clinical
outcomes similar to those in the KEYNOTE trials, including OS,
real-world progression-free survival (rwPFS), and real-world tumor
response rate (rwTRR) for the patient cohort with median follow-
up of 15.5 months (12). The objective of the present retrospective
two-cohort study was to update those findings with longer follow-
up using the same data source derived from electronic health
records (EHRs) of patients at US oncology practices.
2 METHODS

2.1 Data Source and Patients
The Flatiron Health database includes deidentified, longitudinal
data from EHRs of patients with cancer at ~280 cancer clinics in
the US, including approximately 800 sites of care (13). This
nationally representative database is used frequently for cohort
studies of advanced NSCLC and has previously been described in
detail (8, 11, 14, 15). In brief, patient-level structured data, such
as diagnosis and clinical visits, and unstructured data, such as
physicians’ notes, are derived using technology-enabled data
processing overseen by trained clinical abstractors. Our study
also employed enhanced manual chart review to derive clinical
outcomes data for the ‘spotlight cohort,’ described below.

Ethical approval of the study protocol was obtained from the
Copernicus Group Institutional Review Board before study
conduct, including a waiver of informed consent for working
with deidentified data, and safeguards were in place to maintain
March 2022 | Volume 12 | Article 834761
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data deidentification. Flatiron Health, Inc. did not participate in
the analysis of the data.

Patients included in this study were drawn from the advanced
NSCLC EHR database, which requires at least two clinical visits
recorded on or after 1 January 2011, and pathologically
confirmed evidence of advanced NSCLC on or after 1 January
2011. We selected two analytic cohorts of patients ≥18 years old
with ECOG performance status of 0–1 who received first-line
pembrolizumab monotherapy for stage IV NSCLC: (1.) The
‘EHR cohort’ included patients who initiated first-line
pembrolizumab monotherapy from 1 November 2016 through
31 March 2020 (index period); data cutoff was on 31March 2021,
thus ensuring at least 1 year of potential follow-up time. (2.) The
spotlight cohort included patients randomly selected from
patients who initiated first-line pembrolizumab monotherapy
from 1 December 2016 through 30 November 2017; data cutoff
was 31 August 2020, thus ensuring almost 3 years of potential
follow-up time. Other selection criteria for both cohorts were
similar, including diagnosis of stage IV or recurrent metastatic
NSCLC, tumor PD-L1 expression ≥50%, no known driver
alterations (EGFR, ALK, or ROS1) and, for nonsquamous
tumors, documented negative test results for both EGFR and
ALK genomic alterations.

We excluded patients without structured database activity
within 90 days of the metastatic diagnosis date (i.e., those
possibly not receiving active clinical care), as well as patients
with a record of clinical trial drug administered after the
advanced NSCLC diagnosis. While some patients were likely
included in both study cohorts, the rules protecting against
patient reidentification prevented us from determining how
many and who they were.

2.2 Study Variables
For each cohort, we summarized patient demographic
characteristics, in addition to clinical characteristics available
in the datasets, including smoking history, NSCLC histology,
Charlson comorbidity index (CCI) score (derived from listed
comorbidities (16)), and genomic testing results for EGFR, ALK,
ROS1, KRAS, and BRAF. Lines of therapy were identified using
Flatiron Health oncologist-defined business rules, with mapping
of medication administrations and medication orders to lines of
therapy (13).

Clinical outcomes determined for both cohorts included
length of follow-up time and OS, the latter determined using
death information according to the validated Flatiron Health
composite mortality endpoint (17, 18). In addition, we
summarized subsequent lines of therapy according to systemic
anticancer regimen category.

For the spotlight cohort, manual chart abstraction was used to
identify real-world progression (rwP) and real-world tumor
response (rwTR) in order to determine rwPFS and rwTRR,
respectively. The first episode in which the treating clinician
concluded that there had been growth or worsening of NSCLC
was identified as rwP, excluding events within 14 days of
pembrol izumab init iat ion and including suspected
pseudoprogression, which was defined as an increase in tumor
size that the clinician recorded as possibly being an effect of ICI
Frontiers in Oncology | www.frontiersin.org 3
therapy (12, 19). Instead, rwTR was based on changes in NSCLC
tumor burden indicated by radiology reports, excluding events
within 30 days of pembrolizumab initiation, and mapped as
complete response (CR), partial response (PR), stable disease,
progressive disease (PD), and other (pseudoprogression,
indeterminate, not documented) (12, 20). Both of these
endpoints have been recently described and characterized
using Flatiron Health advanced NSCLC datasets (12, 19, 20).
For the present study, the rwTRR determination was defined as
the proportion of patients with at least one CR or PR assessment
followed by a subsequent assessment of CR, PR, or stable disease
during first-line pembrolizumab monotherapy.

Manual chart abstraction was also used to determine the
reasons for pembrolizumab discontinuation when available.
Pembrolizumab was considered discontinued when clinical
notes explicitly stated discontinuation or with a gap >60 days
in pembrolizumab administration. Although adverse events were
not actively solicited in this study, we collected any reports of
individual adverse events identified during manual chart review,
and all were reported as related to pembrolizumab.

2.3 Statistical Analyses
We used summary statistics to describe baseline demographic
and clinical characteristics and subsequent lines of therapy for
each cohort, in addition to rwTR categories for patients in the
spotlight cohort.

The Kaplan-Meier method was used to estimate time-to-
event analyses, including OS and rwPFS, beginning from
pembrolizumab initiation. We determined OS as (date of
death - start date of pembrolizumab) + 1 day, setting the date
of death to the 15th of the month because only month and year of
death were provided to maintain patient anonymity. Patients
with no recorded date of death were censored at the end of the
dataset or at their last recorded activity in the dataset, whichever
occurred first. Similarly, rwPFS was determined from the start of
pembrolizumab to first recorded rwP; patients with no rwP were
censored at their last recorded activity or at the initiation of a
new line of therapy. In a sensitivity analysis, we excluded
suspected pseudoprogression as an event.

The Kaplan-Meier method was also used to estimate median
real-world time on treatment (rwToT) for second- and third-line
ICI therapy, as previously described (21). In brief, rwToT was
calculated as the (date of the last ICI dose - date of first ICI dose)
+ 1 day and defined as the length of time between first and last
administration dates before discontinuation. Patients who had a
record of initiating the next line of therapy, or who died while
receiving the ICI therapy, were considered discontinued at their
last administration date. If none of these events were identified,
then having a gap of ≥120 days between the last administration
date and last known activity date in the dataset was considered
discontinued at the last administration date. If none of the
discontinuation criteria were met, patients were considered
censored at their last administration date.

A formal calculation of sample size and power was not
performed because of the descriptive nature of the study.
Statistical analyses were performed using SAS software, version
9.4 (SAS Institute, Cary, NC).
March 2022 | Volume 12 | Article 834761
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3 RESULTS

3.1 Patients
A total of 566 patients who initiated first-line pembrolizumab
monotherapy from November 2016 through March 2020
were included in the EHR cohort, and 228 patients initiating
first-line pembrolizumab monotherapy from December 2016
through November 2017 were included in the spotlight
cohort. The details of patient selection are depicted in
Figures 1 and 2.

In the EHR cohort slightly over half of patients were men
(53%), while in the spotlight cohort 46% were men (Table 1).
The median age in both cohorts was 71 years, with
approximately one-third of patients aged 75 years or older.
Most patients in each cohort were White (76–79%), and >90%
were current or former smokers. The two cohorts included
Frontiers in Oncology | www.frontiersin.org 4
similar proportions of patients by NSCLC histology, including
approximately two-thirds with nonsquamous and one-quarter
with squamous histology (Table 1). Of the nonsquamous
tumors, 26% and 24% in EHR and spotlight cohorts were
KRAS positive, respectively, and 7% and 6%, respectively, were
BRAF mutant (Table 1).

The geographical distribution of oncology clinics was similar
in the two cohorts, and all but 8 and 5 patients in EHR and
spotlight cohorts, respectively, were seen at community (rather
than academic) oncology clinics (Table 1).

3.2 Clinical Outcomes: EHR and
Spotlight Cohorts
Median observed follow-up ending at data cutoff in EHR and
spotlight cohorts was 35.1 and 38.4 months respectively, while
median patient follow-up was 16.5 and 25.7 months, respectively
FIGURE 1 | Patient selection for the EHR cohort from the Flatiron Health Database. aNo patients were excluded for being <18 years of age. ECOG PS, Eastern
Cooperative Oncology Group performance status; NSCLC, non-small cell lung cancer; PD-L1, programmed cell death-ligand 1; SACT, systemic anticancer therapy.
March 2022 | Volume 12 | Article 834761
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(Table 2). Patients in the EHR cohort received a median of 9 cycles
of pembrolizumab (range, 1–73), while those in the spotlight
cohort received a median of 11 cycles of pembrolizumab (range,
1–61).

At data cutoff, 322 patients (57%) had died in the EHR cohort,
and 134 patients (59%) had died in the spotlight cohort. Median
OS was 19.6 months (95% CI, 16.6–24.3) and 21.1 months (95%
CI, 16.2–28.9) in EHR and spotlight cohorts, respectively;
Kaplan-Meier estimates of OS at 3 years were 36.2% and
38.2%, respectively (Table 2; Figure 3).

Second-line systemic therapy, most commonly platinum-
based chemotherapy or immunotherapy (ICI monotherapy or
ICI-chemotherapy combination), was administered to 182
Frontiers in Oncology | www.frontiersin.org 5
patients (32%) in the EHR cohort, of whom 63 (35%) received
third-line and 16/63 (25%) received fourth-line therapy (details
in Supplementary Table 1). Immunotherapy was administered
in second line to 72/182 patients (40%), including 16 patients
(22%) who received pembrolizumab monotherapy, to 19 patients
(30%) in third line (4 pembrolizumab monotherapy), to 3
patients (19%) in fourth line, and to 3 (50%) in fifth line.

In the spotlight cohort, 87 patients (38%) received second-
line therapy, of whom 26 (30%) also received third-line therapy;
only 7 and 3 patients received fourth- and fifth-line therapy,
respectively (Supplementary Table 2). The pattern of second-
line therapies was similar to that for the EHR cohort, with the
most common being platinum-based chemotherapy and ICIs,
FIGURE 2 | Patient selection for the spotlight cohort from the Flatiron Health Database. aExclusion for lacking confirmation of negative test status for EGFR/ALK
genomic aberration applied only to nonsquamous tumors. ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed cell
death-ligand 1.
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the latter administered in second line to 28/87 patients (32%),
including 8/28 patients (29%) who received pembrolizumab
monotherapy. Eight patients (31%) in third line (1
pembrolizumab monotherapy), and 4 patients (57%) in fourth
line, were treated with ICIs. The median rwToT for second-line
ICI therapy was 5.8 months (95% CI, 1.4–12.9) and for third-line
ICI therapy was 5.6 months (95% CI, 0 to not assessable).
Frontiers in Oncology | www.frontiersin.org 6
3.2.1 Spotlight Cohort: Outcomes Captured Using
Enhanced Manual Chart Review
Additional outcomes for the spotlight cohort are summarized in
Table 2. Median rwPFS was 7.3 months (95% CI, 5.7–9.2
months), and 184 patients (81%) experienced an episode of
rwP or death from any cause (Figure 3C). In a sensitivity
analysis excluding suspected pseudoprogression, 182 patients
TABLE 1 | Baseline demographic and clinical characteristics of patients with stage IV NSCLC, PD-L1 expression ≥50%.

Variable EHR cohort (n = 566) Spotlight cohort (n = 228)

Male sex 298 (52.7) 105 (46.1)
Age, median (range), y 71 (38-84) 71 (46-82)
<75 years 359 (63.4) 138 (60.5)
≥75 years 207 (36.6) 90 (39.5)

Race data availablea 505 (89.2) 209 (91.7)
White 383 (75.8) 165 (78.9)
Black 49 (9.7) 18 (8.6)
Asian 17 (3.4) 6 (2.9)
Other race 56 (11.1) 20 (9.6)

Current/former smoker 524 (92.6) 209 (91.7)
No smoking history 42 (7.4) 19 (8.3)

CCI score, mean (SD) 5.1 (3.1) 3.1 (3.2)
Median (range) 4 (0-13) 2 (0-10)

NSCLC histology
Nonsquamous 405 (71.6) 156 (68.4)
NSCLC histology NOS 28 (4.9) 12 (5.3)
Squamous 133 (23.5) 60 (26.3)

ECOG performance status
0 201 (35.5) 95 (41.7)
1 365 (64.5) 133 (58.3)

Record of brain metastasesb 69 (12.2) 17 (7.5)
US CB region, data availablea 552 (97.5) 219 (96.1)
Midwest 127 (23.0) 51 (23.3)
Northeast 105 (19.0) 58 (26.5)
South 249 (45.1) 84 (38.4)
West 71 (12.9) 26 (11.9)

Community oncology clinic 558 (98.6) 223 (97.8)
Academic oncology clinic 8 (1.4) 5 (2.2)

Index year
2016 14 (2.5) 7 (3.1)
2017 210 (37.1) 221 (96.9)
2018 159 (28.1) 0
2019 142 (25.1) 0
2020 41 (7.2) 0

BRAF mutation status (nonsquamous only), N 405 156
Positivec 27 (6.7) 9 (5.8)
Wild type 249 (61.5) 68 (43.6)
Indeterminate, unknown, pending, untested 129 (31.9) 79 (50.6)

KRAS mutation status (nonsquamous only), N 405 156
Positivec 107 (26.4) 37 (23.7)
Wild type 125 (30.9) 38 (24.4)
Indeterminate, unknown, pending, untested 173 (42.7) 81 (51.9)

IHC clone, data availabled 514 (90.8) 201 (88.2)
22C3c 474 (92.2) 187 (93.0)
SP263 17 (3.3) 9 (4.5)
Other 23 (4.5) 5 (2.5)
March 2022 |
Data are presented as n (%) of patients unless otherwise indicated. Percentages may not add up to 100% because of rounding.
aPercentages for race and US CB region represent the percentages of patients with available data.
bInformation about prior treatment of brain metastases was not available.
cPositive biomarker results at any time (“ever positive”) were included.
dOf the 22C3 IHC assays, 455/474 (96.0%) and 182/187 (97.3%) in EHR and Spotlight cohorts, respectively, used the PD-L1 IHC 22C3 pharmDx (Agilent Technologies, Carpinteria, CA;
pembrolizumab companion diagnostic).
CCI, Charlson comorbidity index; ECOG, Eastern Cooperative Oncology Group; EHR, electronic health record; IHC, immunohistochemistry; index year, year of pembrolizumab initiation;
NSCLC histology NOS, non-small cell lung cancer histology not otherwise specified; US CB, United States Census Bureau.
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(80%) experienced rwP, and median rwPFS was 8.6 months (95%
CI, 6.8–11.2).

A total of 17 patients (7%) had a best rwTR assessed as CR,
and 71 patients (31%) were assessed as having PR (Table 3), for a
rwTRR of 38.6% (95% CI, 32.2–45.2), and a total of 122 patients
(54%) with disease control (CR + PR + stable disease).

Two-thirds of patients (151; 66%) in the spotlight cohort had
discontinued pembrolizumab at data cutoff (Table 4). The most
common reason for discontinuation was disease progression (70/
151; 46%), followed by adverse effect of therapy (35/151; 23%).
Of the 33 patients who subsequently received second- and/or
third-line ICI therapy, 8 discontinued first-line pembrolizumab
because of disease progression, 6 because of adverse effects, and 5
because of disease-related symptoms (Supplementary Table 3).

No serious adverse events were identified during manual
chart review (Supplementary Table 4).
4 DISCUSSION

This study enlarges and extends the observational period for two
real-world patient cohorts treated with pembrolizumab
monotherapy identified as being clinically similar to patients
enrolled in KEYNOTE-024. The minimum potential follow-up
after pembrolizumab initiation to data cutoff was 6 months in
our prior study (12), and, in the present study, was extended to 1
year for the EHR cohort and almost 3 years for the spotlight
cohort. Median OS was 19.6 and 21.1 months in EHR and
Frontiers in Oncology | www.frontiersin.org 7
spotlight cohorts, respectively, while median OS with
pembrolizumab monotherapy in KEYNOTE-024, -042, and
-598 was 26.3, 20.0, and 21.9 months, respectively (2–4),
We observed 3-year Kaplan-Meier estimated OS rates of
36% and 38% in EHR and spotlight cohorts, respectively,
whereas 3-year OS rates in KEYNOTE-024 and KEYNOTE-
042 (PD-L1 TPS ≥50% population) were 44% and 31%,
respectively (2, 3).

There was no comparator included in the present study;
however, the median OS for both EHR and spotlight cohorts
was substantially higher than the median OS of patients who
received chemotherapy in KEYNOTE-024 (13.4 months) (2).
Tumor characteristics were similar, but our real-world
populations included proportionately more women and older
patients relative to the patient populations in KEYNOTE trials
(2, 22), as we reported previously (12). There were likely other
differences as well that were not captured via retrospective EHR
review: for example, we could not reliably capture pretreatment
of brain metastases or determine whether patients had a
minimum life expectancy of 3 months, as required in
KEYNOTE-024 and -042 (1, 22). Subsequent therapy use in
both EHR and spotlight cohorts (32% and 38%) was lower than
in the KEYNOTE-024 5-year data (53%). However, we observed
that in these two real-world cohorts, ICIs, as monotherapy or in
combination with chemotherapy, were used as a second- or
third-line therapy, and administered for a median rwToT of
almost 6 months, among 30–40% of patients receiving a
subsequent treatment.
TABLE 2 | Outcomes with first-line pembrolizumab monotherapy in the real-world oncology and clinical trial settings.

Variable Real-world cohorts Clinical trials

EHR cohorta (n = 566) Spotlight cohorta (n = 228) KEYNOTE-024 (2)b (n = 154) KEYNOTE-042 (3)b (n = 299)

Observed follow-up, median (range), moc 35.1 (12.0-52.7) 38.4 (33.1-44.9) 59.9 (55.1-68.4) 46.9 (35.8‒62.1)
Patient follow-up, median (range), moc 16.5 (<0.1-52.6) 25.7 (1 day-44.3) – –

Real-world TRR (rwTRR)/ORR, nd – 88 71 –

% (95% CI) – 38.6 (32.2-45.2) 46.1 (38.1-54.3) –

Time to response, median (range), mo – 3.2 (1.5-34.4) 2.1 (1.4-14.6) –

Duration of response, median (range), mo 22.2 (1.4+ to 37.2+)e 29.1 (2.2-60.8+)
Real-world PFS (rwPFS)/PFS
Events, n (%) – 184 (80.7) 126 (81.8) –

rwPFS, median (95% CI), mo – 7.3 (5.7-9.2) 7.7 (6.1-10.2) 6.5 (5.9-8.6)
12-month rwPFS, % (95% CI) – 39.3 (32.8-45.7) – –

24-month rwPFS, % (95% CI) – 25.9 (20.2-31.9) – –

36-month rwPFS, % (95% CI) – 14.3 (9.7-19.7) 22.8 (16.3-29.9) 14.5 (10.5-19.0)
Overall survival (OS), N 566 228 154 299
Events, n (%) 322 (56.9) 134 (58.8) 103 (66.9) 219 (73)
OS, median (95% CI), mo 19.6 (16.6-24.3) 21.1 (16.2-28.9) 26.3 (18.3-40.4) 20.0 (15.9-24.2)
12-month survival, % (95% CI) 59.8 (55.5-63.7) 64.2 (57.5-70.2) – –

24-month survival, % (95% CI) 45.7 (41.2-50.0) 49.4 (42.5-55.8) – –

36-month survival, % (95% CI) 36.2 (31.5-40.9) 38.2 (31.4-45) 43.7 31.3 (26.1-36.6)
March 2022
aEHR cohort data cutoff, 31 March 2021; spotlight cohort data cutoff, 31 August 2020.
bInvestigator-assessed tumor response and PFS in KEYNOTE-024 are reported. Results from KEYNOTE-042 are reported for patients with PD-L1 TPS ≥50% with locally advanced or
metastatic NSCLC, the majority of whom had metastatic NSCLC (n=275; 92%).
cObserved (theoretical) follow-up was defined as the duration of follow-up from pembrolizumab initiation to database cutoff. Patient follow-up was defined as time from pembrolizumab
initiation to the date of death or data cutoff, whichever occurred first.
drwTRR refers to the real-world tumor response rate, defined as the proportion of patients with at least one complete response (CR) or partial response (PR) assessment followed by a
subsequent assessment of CR, PR, or stable disease during first-line pembrolizumab monotherapy. Analysis of time to response is based on patients with a best rwTR of CR or PR.
e+ indicates ongoing response.
EHR, electronic health record; mo, months; NR, not reached; ORR, objective response rate; PFS, progression-free survival; TRR, tumor response rate.
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A

B

C

FIGURE 3 | Kaplan-Meier estimates of overall survival (OS) in the EHR and spotlight cohorts and real-world progression-free survival (rwPFS) in the spotlight
cohort.EHR, electronic health record; mo, months. (A) OS in the EHR cohort. (B) OS in the spotlight cohort. (C) rwPFS in the spotlight cohort.
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Several other observational studies from the US, Europe,
and Israel have been published recently that evaluated
outcomes with first-line pembrolizumab or other ICI
monotherapy for similar patient populations with advanced
NSCLC, PD-L1 expression ≥50%, and no genomic alterations
(23–27). There was some variability in patient populations and
length of follow-up time, and survival in these studies for
patients with good performance status (ECOG 0–1) also
varied, with reported median OS of 18.6 months (26), 22.1
months (28), 22.8 months (23), 28.7 months (25), and not
reached (27). In a large European multicenter study of first-line
pembrolizumab monotherapy (n=1026), the objective
response rate determined by investigators using RECIST
(v1.1) criteria (29) was 48.1% for 756 evaluable patients with
ECOG 0–1 (23), greater than the 39% rwTRR determined in our
study, although the means of rwTR determination viamanual chart
review is not directly comparable with the application of
RECIST criteria.

Our study had the advantages of a large patient population
and, for the spotlight cohort, long follow-up time. However,
while the clinical similarity of our patient population to
KEYNOTE trial populations enabled us to examine
outcomes relative to those in clinical trials, our ability to
investigate potential prognostic factors was limited. Results
Frontiers in Oncology | www.frontiersin.org 9
of a recent study also drawing on the Flatiron Health database
indicated that among patients with nonsquamous NSCLC and
PD-L1 expression ≥50% treated with first-line pembrolizumab
monotherapy, never-smokers had shorter rwPFS and OS than
smokers (28), similar to findings in clinical trials and other
observational studies (30, 31). Prior cohort studies have
identified several independent predictors of shorter OS,
including ECOG performance status of ≥2, bone metastases,
liver metastases, and baseline steroids (23, 25). Conversely,
tumor PD-L1 expression ≥90% was associated with longer OS
in multivariable analyses of a large cohort of patients with
metastatic NSCLC and PD-L1 expression ≥50% treated with
first-line pembrolizumab monotherapy (23). We note that a
recent study evaluating outcomes of first-line pembrolizumab
monotherapy for a less selective, older US population (≥66
years) with advanced NSCLC reported a median OS of only
11.4 months (32), 15 months less than that in KEYNOTE-024
(2) and considerably shorter than the median OS determined
for each of our study cohorts. As the authors of that study
observed, the administrative claims data they used lack many
important prognostic and predictive baseline factors,
including performance status, targetable mutations, and PD-
L1 status, to allow stratified analyses by these baseline factors
to further explain the results (32). Clearly, further study is
needed of potential prognostic factors, including biomarkers,
for more heterogeneous populations with metastatic NSCLC
treated with pembrolizumab as monotherapy, or in
combination with chemotherapy, to inform clinical
treatment decisions.

Other strengths of the present study include the use of a well-
regarded, well-curated EHR database. Manual chart review for
the randomly selected spotlight cohort enabled the
de t e rmina t ion of rwPFS , rwTR, and rea sons for
pembrolizumab discontinuation. The curation of rwPFS and
rwTRR endpoints from EHR datasets has recently been
described and characterized as reliable and clinically relevant
(19, 20).

Continued follow-up of these real-world cohorts will be of
interest. In addition, as we observed that a non-negligible
proportion of patients were treated with an ICI following first-
line pembrolizumab, it will be of interest to understand the long-
TABLE 3 | Best real-world tumor response (rwTR) to first-line pembrolizumab monotherapy: Spotlight cohort.

Spotlighta (n = 228) KEYNOTE-024b (n = 154)

Complete response (CR) 17 (7.5) 7 (4.5)
Partial response (PR) 71 (31.1) 64 (41.6)
Stable disease 34 (14.9) 37 (24.0)
Progressive disease (PD) 50 (21.9) 35 (22.7)
No evaluable assessment 56 (24.6) 0
Indeterminate 1 (0.4) –

Pseudoprogressionc 7 (3.1) –

Not documented/no assessment 51 (22.4) 11 (7.1)
March 2022 | V
Data are presented as n (%) of patients.
arwTR determination was based on changes in NSCLC tumor burden indicated by radiology reports. For patients with multiple rwTR assessments, the best response was used to classify
the patient (CR>PR>stable disease>PD). Patients without an evaluable assessment (no CR, PR, stable disease, or PD) could be counted >1 time in the subcategories of “no evaluable
assessment”.
bKEYNOTE-024 results determined using RECIST 1.1 criteria by investigatory review (2).
cPseudoprogression was defined as an increase in tumor size that the clinician recorded as possibly being an effect of ICI therapy.
TABLE 4 | Summary of reasons for pembrolizumab discontinuation: Spotlight
cohort.

Spotlight (n = 228)

Discontinued, n (%) 151 (66.2)
Reasons for discontinuation, n (%) N=151a

Progression 70 (46.4)
Adverse effect of therapy 35 (23.2)
Disease-related symptoms not due to therapy 23 (15.2)
Patient request 6 (4)
Completed treatment 5 (3.3)
No evidence of disease 2 (1.3)
Otherb 13 (8.6)
Unknown 1 (0.7)
aPatients could have more than one reason for discontinuation.
bFor patients with ongoing treatment until the time of death, the reason recorded was
“Other” to comply with data deidentification requirements.
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term real-world outcomes of these patients rechallenged with an
ICI in a later line of therapy.

4.1 Limitations
The limitations of retrospective data evaluation are applicable
to this study, including the potential for missing or
inaccurately recorded data. Attrition in cohort selection was
primarily due to missing eligibility-related data, for example,
missing ECOG performance status, genomic testing results for
EGFR/ALK alterations, or PD-L1 testing results. In addition,
even with manual chart review for the spotlight cohort, some
outcome data, such as information to determine rwTR and
reasons for pembrolizumab discontinuation, were missing for
some patients.

4.2 Conclusions
With long-term follow-up, real-world outcomes with first-line
pembrolizumab monotherapy remain consistent with outcomes
observed in phase 3 pivotal clinical trials for patients with
metastatic NSCLC, PD-L1 expression ≥50%, no known tumor
genomic alterations, and good performance status. These
findings support the long-term benefits of first-line
pembrolizumab monotherapy for this patient population.
DATA AVAILABILITY STATEMENT

The data that support the findings of this study have been
originated by Flatiron Health, Inc. These deidentified data may
be made available upon request and are subject to a license
agreement with Flatiron Health; interested researchers should
contact DataAccess@flatiron.com to determine licensing terms.
Requests to access the datasets should be directed to Flatiron
Health DataAccess@flatiron.com.
Frontiers in Oncology | www.frontiersin.org 10
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Copernicus Group Institutional Review Board.
Written informed consent for participation was not required
for this study in accordance with the national legislation and the
institutional requirements.
AUTHOR CONTRIBUTIONS

VV, XH, LY, and TB developed the study concept and design. LY
conducted the statistical analysis. VV, XH, LY, MCP, and TB
interpreted the data and critically revised the manuscript for
important intellectual content. All authors contributed to the
article and approved the submitted version.
ACKNOWLEDGMENTS

We gratefully acknowledge the help of Shikha Surati, MPH, for
providing administrative support and Benjamin L. Koch, MS and
Ting Shi, MS, for providing statistical programming support (all
of Merck & Co., Inc., Kenilworth, NJ, USA). Medical writing and
editorial assistance were provided by Elizabeth V. Hillyer, DVM
(freelance); this assistance was funded by Merck Sharp & Dohme
Corp., a subsidiary of Merck & Co., Inc., Kenilworth, NJ, USA.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
834761/full#supplementary-material
REFERENCES
1. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, et al.

Pembrolizumab Versus Chemotherapy for PD-L1-Positive Non-Small-Cell
Lung Cancer.N Engl J Med (2016) 375:1823–33. doi: 10.1056/NEJMoa1606774

2. Reck M, Rodriguez-Abreu D, Robinson AG, Hui R, Csoszi T, Fulop A, et al.
Five-Year Outcomes With Pembrolizumab Versus Chemotherapy for
Metastatic Non-Small-Cell Lung Cancer With PD-L1 Tumor Proportion
Score ≥ 50%. J Clin Oncol (2021) 39:2339–49. doi: 10.1200/JCO.21.00174

3. Cho BC, Wu Y, Lopes G, Kudaba I, Kowalski DM, Turna HZ, et al. (2020).
FP13.04 KEYNOTE-042 3-Year Survival Update: 1L Pembrolizumab vs
Platinum-Based Chemotherapy for PD-L1+ Locally Advanced/Metastatic
NSCLC. J Thorac Oncol (2020) 16 S225–S6. doi: 10.1016/j.jtho.
2021.01.143

4. Boyer M, Sendur MAN, Rodriguez-Abreu D, Park K, Lee DH, Cicin I, et al.
Pembrolizumab Plus Ipilimumab or Placebo for Metastatic Non-Small-Cell
Lung Cancer With PD-L1 Tumor Proportion Score ≥ 50%: Randomized,
Double-Blind Phase III KEYNOTE-598 Study. J Clin Oncol (2021) 39:2327–
38. doi: 10.1200/JCO.20.03579

5. Unger JM, Hershman DL, Fleury ME, Vaidya R. Association of Patient
Comorbid Conditions With Cancer Clinical Trial Participation. JAMA Oncol
(2019) 5:326–33. doi: 10.1001/jamaoncol.2018.5953

6. Miller RS, Wong JL. Using Oncology Real-World Evidence for Quality
Improvement and Discovery: The Case for ASCO’s CancerLinQ. Future
Oncol (2018) 14:5–8. doi: 10.2217/fon-2017-0521
7. Simeone JC, Nordstrom BL, Patel K, Klein AB. Treatment Patterns and
Overall Survival in Metastatic Non-Small-Cell Lung Cancer in a Real-World,
US Setting. Future Oncol (2019) 15:3491–502. doi: 10.2217/fon-2019-0348

8. Abernethy AP, Arunachalam A, Burke T, McKay C, Cao X, Sorg R, et al. Real-
World First-Line Treatment and Overall Survival in Non-Small Cell Lung Cancer
Without Known EGFR Mutations or ALK Rearrangements in US Community
Oncology Setting. PloS One (2017) 12:e0178420. doi: 10.1371/journal.pone.0178420

9. Nadler E, Arondekar B, Aguilar KM, Zhou J, Chang J, Zhang X, et al.
Treatment Patterns and Clinical Outcomes in Patients With Advanced Non-
Small Cell Lung Cancer Initiating First-Line Treatment in the US Community
Oncology Setting: A Real-World Retrospective Observational Study. J Cancer
Res Clin Oncol (2021) 147:671–90. doi: 10.1007/s00432-020-03414-4

10. Stenehjem D, Lubinga S, Betts KA, Tang W, Jenkins M, Yuan Y, et al.
Treatment Patterns in Patients With Metastatic Non-Small-Cell Lung Cancer
in the Era of Immunotherapy. Future Oncol (2021) 17:2940–9. doi: 10.2217/
fon-2021-0230

11. Leapman MS, Presley CJ, Zhu W, Soulos PR, Adelson KB, Miksad RA, et al.
Association of Programmed Cell Death Ligand 1 Expression Status With
Receipt of Immune Checkpoint Inhibitors in Patients With Advanced Non-
Small Cell Lung Cancer. JAMA Netw Open (2020) 3:e207205. doi: 10.1001/
jamanetworkopen.2020.7205

12. Velcheti V, Chandwani S, Chen X, Pietanza MC, Piperdi B, Burke T.
Outcomes of First-Line Pembrolizumab Monotherapy for PD-L1-Positive
(TPS >/=50%) Metastatic NSCLC at US Oncology Practices. Immunotherapy
(2019) 11:1541–54. doi: 10.2217/imt-2019-0177
March 2022 | Volume 12 | Article 834761

http://DataAccess@flatiron.com
http://DataAccess@flatiron.com
https://www.frontiersin.org/articles/10.3389/fonc.2022.834761/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.834761/full#supplementary-material
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1200/JCO.21.00174
https://doi.org/10.1016/j.jtho.2021.01.143
https://doi.org/10.1016/j.jtho.2021.01.143
https://doi.org/10.1200/JCO.20.03579
https://doi.org/10.1001/jamaoncol.2018.5953
https://doi.org/10.2217/fon-2017-0521
https://doi.org/10.2217/fon-2019-0348
https://doi.org/10.1371/journal.pone.0178420
https://doi.org/10.1007/s00432-020-03414-4
https://doi.org/10.2217/fon-2021-0230
https://doi.org/10.2217/fon-2021-0230
https://doi.org/10.1001/jamanetworkopen.2020.7205
https://doi.org/10.1001/jamanetworkopen.2020.7205
https://doi.org/10.2217/imt-2019-0177
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Velcheti et al. Real-World Pembrolizumab for Metastatic NSCLC
13. Flatiron Health. Flatiron Health Database. Available at: https://flatiron.com/
real-world-evidence/ (Accessed December 6, 2021).

14. Khozin S, Abernethy AP, Nussbaum NC, Zhi J, Curtis MD, Tucker M, et al.
Characteristics of Real-World Metastatic Non-Small Cell Lung Cancer
Patients Treated With Nivolumab and Pembrolizumab During the Year
Following Approval. Oncologist (2018) 23:328–36. doi: 10.1634/
theoncologist.2017-0353

15. Khozin S, Miksad RA, Adami J, Boyd M, Brown NR, Gossai A, et al. Real-
World Progression, Treatment, and Survival Outcomes During Rapid
Adoption of Immunotherapy for Advanced Non-Small Cell Lung Cancer.
Cancer (2019) 125:4019–32. doi: 10.1002/cncr.32383

16. Khan NF, Perera R, Harper S, Rose PW. Adaptation and Validation of the
Charlson Index for Read/OXMIS Coded Databases. BMC Fam Pract (2010)
11:1. doi: 10.1186/1471-2296-11-1

17. Curtis MD, Griffith SD, Tucker M, Taylor MD, Capra WB, Carrigan G, et al.
Development and Validation of a High-Quality Composite Real-World
Mortality Endpoint. Health Serv Res (2018) 53:4460–76. doi: 10.1111/1475-
6773.12872

18. Zhang Q, Gossai A, Monroe S, Nussbaum NC, Parrinello CM. Validation
Analysis of a Composite Real-World Mortality Endpoint for Patients With
Cancer in the United States. Health Serv Res (2021) 56:1281–7. doi: 10.1111/
1475-6773.13669

19. Griffith SD, Tucker M, Bowser B, Calkins G, Chang CJ, Guardino E, et al.
Generating Real-World Tumor Burden Endpoints From Electronic Health
Record Data: Comparison of RECIST, Radiology-Anchored, and Clinician-
Anchored Approaches for Abstracting Real-World Progression in Non-Small
Cell Lung Cancer. Adv Ther (2019) 36:2122–36. doi: 10.1007/s12325-019-
00970-1

20. Ma X, Bellomo L, Magee K, Bennette CS, Tymejczyk O, Samant M, et al.
Characterization of a Real-World Response Variable and Comparison With
RECIST-Based Response Rates From Clinical Trials in Advanced NSCLC.
Adv Ther (2021) 38:1843–59. doi: 10.1007/s12325-021-01659-0

21. Velcheti V, Chandwani S, Chen X, Pietanza MC, Burke T. First-Line
Pembrolizumab Monotherapy for Metastatic PD-L1-Positive NSCLC: Real-
World Analysis of Time on Treatment. Immunotherapy (2019) 11:889–901.
doi: 10.2217/imt-2019-0061

22. Mok TSK, Wu YL, Kudaba I, Kowalski DM, Cho BC, Turna HZ, et 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. doi: 10.1016/S0140-6736(18)32409-7

23. Cortellini A, Tiseo M, Banna GL, Cappuzzo F, Aerts J, Barbieri F, et al.
Clinicopathologic Correlates of First-Line Pembrolizumab Effectiveness
in Patients With Advanced NSCLC and a PD-L1 Expression of >/= 50.
Cancer Immunol Immunother (2020) 69:2209–21. doi: 10.1007/s00262-
020-02613-9

24. Cortellini A, Cannita K, Tiseo M, Cortinovis DL, Aerts J, Baldessari C, et al.
Post-Progression Outcomes of NSCLC Patients With PD-L1 Expression >/=
50% Receiving First-Line Single-Agent Pembrolizumab in a Large Multicentre
Real-World Study. Eur J Cancer (2021) 148:24–35. doi: 10.1016/
j.ejca.2021.02.005

25. Frost N, Kollmeier J, Misch D, Vollbrecht C, Grah C, Matthes B, et al.
Pembrolizumab as First-Line Palliative Therapy in PD-L1 Overexpressing
(≥50%) NSCLC: Real-World Results With Special Focus on PS ≥2, Brain
Metastases and Steroids. Clin Lung Cancer (2021) 22:411–22. doi: 10.1016/
j.cllc.2021.02.001

26. Dudnik E, Moskovitz M, Rottenberg Y, Lobachov A, Mandelboim R,
Shochat T, et al. Pembrolizumab as a Monotherapy or in Combination
With Platinum-Based Chemotherapy in Advanced Non-Small Cell Lung
Cancer With PD-L1 Tumor Proportion Score (TPS) >/=50%: Real-World
Frontiers in Oncology | www.frontiersin.org 11
Data. Oncoimmunology (2021) 10:1865653. doi: 10.1080/2162402X.
2020.1865653

27. Friedlaender A, Metro G, Signorelli D, Gili A, Economopoulou P, Roila F,
et al. Impact of Performance Status on Non-Small-Cell Lung Cancer Patients
With a PD-L1 Tumour Proportion Score >/=50% Treated With Front-Line
Pembrolizumab. Acta Oncol (2020) 59:1058–63. doi: 10.1080/
0284186X.2020.1781249
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