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Simple Summary: Lung cancer is the leading cause of cancer-related death in the United States
(US), and real-world studies are needed to understand effectiveness of cancer therapies for patients
treated outside of cancer clinical trials. Pembrolizumab, an immunotherapy agent that aids the
body’s immune system in fighting cancer, is administered for up to 2 years when treating advanced
non-small cell lung cancer (NSCLC). We evaluated the real-world time on treatment (rwToT), a
surrogate indicator that has been associated with survival in NSCLC studies, for over 1000 patients
with advanced NSCLC treated initially with pembrolizumab at US oncology clinics. The median
rwToT for patients with good performance status (similar to those in clinical trials) was 7.4 months,
consistent with the median treatment duration in the KEYNOTE-024 trial (7.9 months). Our findings
suggest long-term benefit of first-line pembrolizumab for patients with advanced NSCLC and good
performance status at the start of therapy who are treated in real-world settings.

Abstract: Our aim was to evaluate real-world time on treatment (rwToT), overall and by KRAS
mutation status, with first-line pembrolizumab monotherapy for advanced non-small cell lung cancer
(NSCLC) in real-world oncology practice in the US. rwToT is a readily available, intermediate-range
endpoint that is moderately to highly correlated with overall survival in clinical trials and real-world
data. Using deidentified electronic medical record data, we studied patients with ECOG performance
status (PS) of 0–2 who initiated pembrolizumab (1 November 2016 to 31 March 2020) for advanced
NSCLC with programmed death-ligand 1 (PD-L1) expression ≥ 50% and without EGFR/ALK/ROS1
genomic alterations. The data cutoff was 31 March 2021, and the median study follow-up was
34 months. The Kaplan–Meier median rwToT with first-line pembrolizumab monotherapy was
7.4 months (95% CI, 6.3–8.1) for 807 patients with PS 0–1, which was consistent with the median
treatment duration in the KEYNOTE-024 trial (7.9 months). The median rwToT for 237 patients
with PS 2 was 2.1 months (95% CI, 1.4–2.8). For those with KRAS-mutated and KRAS wild-type
nonsquamous NSCLC and PS 0–1, the median rwToT was 7.6 months and 7.0 months, respectively.
Our findings suggest long-term benefit of first-line pembrolizumab monotherapy for advanced
NSCLC with PD-L1 expression ≥ 50% in real-world settings in the US, particularly for patients with
good performance status at the start of therapy, irrespective of KRAS status.

Keywords: advanced NSCLC; KRAS mutation; lines of therapy; overall survival; pembrolizumab;
treatment duration

1. Introduction

Lung cancer is the third most common cancer in the United States (US), often pre-
senting at late stages. While it remains the leading cause of cancer-related deaths in both
men and women [1], declines in mortality from lung cancer have been recorded in the
past decade [2,3]. Recent accelerated declines in mortality from non-small cell lung cancer
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(NSCLC), the most common subtype, are attributed to both declining incidence (because
of decreased smoking rates in the US), as well as expanding treatment options [2]. Newer
treatment options include therapies targeted against oncogenic drivers, such as EGFR
mutations and ALK, RET, and ROS1 rearrangements, and, since 2015, immune checkpoint
inhibitors (ICI) targeting the programmed death 1 (PD-1) pathway, such as the anti-PD-1
antibodies nivolumab, pembrolizumab, and cemiplimab and the anti-PD-ligand 1 (PD-L1)
antibodies atezolizumab and durvalumab.

The choice of first-line systemic anticancer therapy for unresectable advanced NSCLC
is guided by tumor histology, biomarkers (e.g., tumor PD-L1 expression), and whether
targetable genomic alterations are present, in addition to patient clinical status and pref-
erences [4–6]. For patients who have unresectable advanced or metastatic NSCLC with
PD-L1 expression ≥ 50% and no targetable genomic alterations, the preferred first-line ther-
apies listed in US National Comprehensive Cancer Network (NCCN) guidelines include
pembrolizumab, atezolizumab, or cemiplimab-rwlc as monotherapy or pembrolizumab-
combination therapy, the latter chosen according to NSCLC histopathology [7]. Continued
(maintenance) therapy, chosen according to initial ICI therapy, is then recommended until
disease progression or unacceptable toxicity (or for up to 2 years in the case of pem-
brolizumab) [7].

Testing for targetable genomic alterations (e.g., EGFR/ALK/ROS1) is recommended
before initiating first-line therapy, with the appropriate targeted therapy then administered
for those tumors with positive results. KRAS mutations are the most common mutations in
lung adenocarcinomas in the US, occurring in approximately 25% of cases [8]. Sotorasib is a
KRASG12C inhibitor that was recently approved in the US and by the European Commission
for treating KRAS-mutated NSCLC that has progressed after at least one prior line of
systemic therapy, but there is currently no therapeutic approach specifically targeting KRAS
mutations in the first-line setting. However, recent evidence suggests that the activity
of first-line pembrolizumab and other ICIs appears to be retained regardless of KRAS
mutation status [4,9–11].

In the KEYNOTE-024 (KN024) clinical trial, pembrolizumab monotherapy for pre-
viously untreated metastatic NSCLC (with PD-L1 tumor proportion score (TPS) ≥ 50%,
EGFR/ALK-negative) was continued for 35 cycles (~2 years) or until a patient experienced
disease progression or treatment-related adverse events of unacceptable severity, they
withdrew consent, or the investigator decided to withdraw the patient (whichever came
first) [12–14]. With 5 years of follow-up in KN024, the median duration of pembrolizumab
therapy was 7.9 months (range, 1 day to 30.2 months) and the Kaplan–Meier estimated
5-year overall survival (OS) rate was 32% in the pembrolizumab arm; 39/151 patients (26%)
completed 35 cycles of pembrolizumab, of whom 82% were alive at 5 years [14].

Controlled clinical trials such as KN024 are designed to maximize internal valid-
ity; however, the importance of also understanding treatment effectiveness in real-world
settings (generalizability) is now well-recognized [15,16]. Ideal real-world studies in-
clude large patient cohorts and long-term follow-up, both challenging criteria in light of
how recently first-line ICI therapies have been deployed for treating advanced NSCLC.
Moreover, reliable and measurable endpoints are needed in observational studies. The
determination of real-world time on treatment (rwToT), also known as time-to-treatment
discontinuation (TTD), has been studied as an intermediate-range endpoint that is readily
assessable in many electronic health record (EHR) and claims databases. For continuously
administered therapies, such as ICIs, rwToT is highly correlated at the patient-level with
progression-free survival (PFS) and moderately to highly correlated with OS in NSCLC
clinical trials [17,18], as well as being moderately to highly correlated with OS in diverse
real-world datasets [19–21].

In our prior observational study of patients with metastatic (stage IV) NSCLC, with PD-
L1 expression ≥ 50%, treated with first-line pembrolizumab monotherapy at US oncology
practices, the median rwToT was 6.9 months (95% CI, 5.6–8.3) for the 386 patients with good
performance status; however, the follow-up time was insufficient to assess the percentage
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of patients remaining on therapy at 24 months [22]. The aim of the present study was to
further evaluate rwToT with first-line pembrolizumab monotherapy over a longer follow-
up period for an expanded patient population treated at US oncology clinics, including
those with unresectable stage-IIIB/C NSCLC. A secondary objective was to evaluate rwToT
according to KRAS mutation status.

2. Materials and Methods
2.1. Patients and Data Source

This retrospective observational study utilized deidentified EHR data from the US
nationwide Flatiron Health advanced NSCLC database, which includes patients with
pathologically confirmed advanced NSCLC (newly diagnosed or recurrent/progressive
disease) who had at least two visits recorded in the database on or after 1 January 2011 [23].
We studied patients who were at least 18 years old at the time of initiating first-line
pembrolizumab from 1 November 2016 through 31 March 2020 for treating unresectable
NSCLC (stage IIIB/C or stage IV) with PD-L1 expression ≥ 50%. Other inclusion criteria
were no known EGFR, ALK, or ROS1 genomic alterations and, for nonsquamous tumors,
documented wild-type EGFR and no ALK gene rearrangements.

We restricted the analyses to patients with Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0–2; patients with unknown ECOG PS and those with
ECOG PS of 3–4 were excluded. Patients participating in a clinical trial were also excluded,
as were those with no recorded activity in the database within 90 days (inclusive) of the
advanced NSCLC diagnosis. The data cutoff was on 31 March 2021, thereby enabling at
least 12 months of potential patient follow-up after first-line pembrolizumab initiation.

At the time of this study, the Flatiron Health database included longitudinal, dei-
dentified patient data sourced from EHRs of patients treated at approximately 800 sites,
including both community and academic oncology clinics [23]. The use of the Flatiron
Health database for characterizing patient populations and determining real-world survival
and treatment-based endpoints has been described in detail in prior publications [20,24,25].
Ethical approval of the study protocol (number RWE-001, titled The Flatiron Health Real
World Evidence Parent Protocol), including a waiver of informed consent, was obtained
before conducting the study from the WCG Institutional Review Board (Protocol approval
ID: IRB00000533; tracking number: 420180044). The IRB approval is updated periodically,
with the latest approval dated 29 November 2021. Flatiron Health, Inc. did not participate
in the analysis of the data.

2.2. Assessments and Statistical Analyses

We used descriptive statistics to summarize, according to ECOG PS (PS 0–1 and 2),
patient demographic and clinical characteristics, the number of pembrolizumab cycles
administered, and the percentage of patients initiating each category of systemic anti-
cancer regimen in subsequent treatment lines. Test results for PD-L1 expression and tumor
genomic alterations were abstracted from unstructured information in EHRs, pathology
reports, or clinical notes; the Charlson comorbidity index score was derived from listed co-
morbidities [26]. Lines of therapy were identified using Flatiron Health oncologist-defined
business rules [20]. For each subsequent line of therapy, mutually exclusive regimen
classes were assigned in hierarchical order (anti-PD-1/PD-L1-based therapy > anti-vascular
endothelial growth factor (VEGF)-based therapy > platinum-based chemotherapy combi-
nations > nonplatinum-based chemotherapy combinations > single-agent chemotherapy
> other therapy).

The Kaplan–Meier method was used to estimate rwToT with pembrolizumab, as
previously described [22,27]. In brief, rwToT was determined as [(date of last recorded pem-
brolizumab dose − date of first recorded dose) + 1 day], defining treatment discontinuation
at the last noncancelled order or administration date if patients died during pembrolizumab
therapy or initiated a next line of therapy, or if there was a gap of ≥120 days between the
last recorded pembrolizumab dose and last clinical contact date in the dataset [22]. We
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determined the median rwToT and the restricted mean rwToT, as well as the percentage
of patients still receiving pembrolizumab at 12, 24, 36, and 48 months [22], stratified by
ECOG PS. The restricted mean was defined as the mean calculated with the assumption
of a maximum pembrolizumab exposure at designated time points (i.e., 12, 24, 36, and
48 months in this study) for those patients still on treatment at data cutoff. For timepoints
at which the data were considered not sufficiently mature, the restricted mean rwToT was
extrapolated using parametric functions fitted to the Kaplan–Meier data [22,28,29].

A subanalysis was conducted for patients with ECOG PS 0–1 to evaluate the rwToT
according to the KRAS mutation status of nonsquamous tumors (overall, positive, wild-
type, unknown). In addition, as a sensitivity analysis, we determined the rwToT for patients
with stage-IV NSCLC at diagnosis, stratified by ECOG PS (PS 0–1 and 2). No statistical
analyses were conducted for between-group comparisons.

Statistical analyses were conducted using SAS software, version 9.4 (SAS Institute,
Cary, NC, USA).

3. Results
3.1. Patient Characteristics

We identified 1044 patients with ECOG PS of 0–2 who were treated with first-line
pembrolizumab monotherapy for advanced NSCLC with PD-L1 expression ≥ 50% and no
recorded EGFR/ALK/ROS1 genomic alteration, including 807 patients (77%) with ECOG PS
of 0–1 and 237 (23%) with ECOG PS of 2 (Figure 1).

The median patient age was 72 years in the PS 0–1 cohort and 75 years in the PS 2
cohort, including 40% and 51% of patients ≥ 75 years old, respectively (Table 1). Half of the
patients in each cohort were men. Approximately three-quarters of those with known race
in each cohort were White, and 9% and 11% were Black, respectively. Almost all patients
(98%) were treated at community oncology clinics (Table S1).

Table 1. Baseline characteristics of patients with advanced NSCLC (stage IIIB/C, IV), according to
ECOG performance status.

Characteristic ECOG PS 0–1
N = 807

ECOG PS 2
N = 237

Men 410 (50.8) 118 (49.8)

Age, median (range), years 72 (38–84) 75 (48–84)
<75 years 484 (60.0) 116 (48.9)
≥75 years 323 (40.0) 121 (51.1)

Race data available, N 724 209
White 1 566 (78.2) 159 (76.1)
Black 1 68 (9.4) 23 (11.0)
Asian 1 20 (2.8) 1 (0.5)

Other race 1 70 (9.7) 26 (12.4)

Current/former smoker 747 (92.6) 226 (95.4)
No smoking history 60 (7.4) 11 (4.6)

Charlson comorbidity index score, mean (SD) 4.9 (3.1) 5.4 (3.1)
Median (range) 3 (0–14) 4 (2–12)

NSCLC histology
Nonsquamous 544 (67.4) 170 (71.7)

Squamous 220 (27.3) 57 (24.1)
NSCLC histology NOS 43 (5.3) 10 (4.2)

NSCLC first diagnosed at stage IV 566 (70.1) 178 (75.1)

KRAS mutation status (nonsquamous only), N 544 170
Positive 2 164 (30.1) 49 (28.8)
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Table 1. Cont.

Characteristic ECOG PS 0–1
N = 807

ECOG PS 2
N = 237

Wild-type 166 (30.5) 48 (28.2)
Indeterminate, unknown, pending, untested 214 (39.3) 73 (42.9)

Record of brain metastases 3 81 (10.0) 27 (11.4)

Data are n (%) unless otherwise noted. Percentages may not add up to 100 because of rounding. 1 Percentages
for race represent the percentages of patients with available data. 2 Positive biomarker results at any time (“ever
positive”) were included. 3 Information about prior treatment of brain metastases was not available. ECOG PS:
Eastern Cooperative Oncology Group performance status; NSCLC histology NOS: non-small cell lung cancer
histology not otherwise specified.
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The percentages of patients with nonsquamous tumors were 67% and 72% in PS 0–1
and PS 2 cohorts, respectively. Of the nonsquamous tumors, 30% and 29%, respectively,
were positive for KRAS mutations, representing one-half of tumors with known results in
each cohort (Table 1).

3.2. First-Line Treatment with Pembrolizumab Monotherapy: Real-World Time on Treatment

The median time from first-line pembrolizumab initiation to data cutoff was 34.1 and
33.5 months in the PS 0–1 and PS 2 cohorts, respectively; individual patients were followed
for a median of 17.4 and 5.7 months, respectively (Table 2).

Table 2. Real-world time on treatment with first-line pembrolizumab monotherapy for patients with
advanced NSCLC, according to ECOG performance status.

Variable ECOG PS 0–1
N = 807

ECOG PS 2
N = 237

Theoretical follow-up, median (range), mo 1 34.1 (12.0–52.7) 33.5 (12.2–52.7)
Patient follow-up, median (range), mo 1 17.4 (<0.1–52.6) 5.7 (<0.1–51.5)

Discontinued pembrolizumab, n (%) 628 (77.8) 207 (87.3)
rwToT, median (95% CI), mo 7.4 (6.3–8.1) 2.1 (1.4–2.8)

Restricted mean rwToT (95% CI), mo
Restricted to 12 months 7.0 (6.7–7.3) 4.3 (3.7–5.0)

Restricted to 24 months 10.3 (9.7–11.0) 5.9 (4.9–7.0)
(Lognormal)

Restricted to 36 months 12.4 (11.5–13.3)
(Weibull)

7.4 (6.0–9.0)
(Lognormal)

Restricted to 48 months 13.6 (12.6–14.8)
(Weibull)

8.5 (6.9–10.6)
(Lognormal)

On-treatment rate, % (95% CI) 2

At 12 months 36.0 (32.6–39.3) 20.8 (15.7–26.3)
At 24 months 22.1 (19.1–25.3) 9.9 (6.1–14.6)
At 36 months 13.7 (10.9–16.9) 6.1 (2.8–11.1)
At 48 months 9.8 (6.7–13.6) n/a

1 Theoretical follow-up was defined as the duration of follow-up from first-line therapy initiation to database
cutoff (31 March 2021). Patient follow-up was defined as time from first-line therapy initiation to the date of death
or data cutoff, whichever occurred first. 2 On-treatment rates were based on Kaplan–Meier estimates. mo: months;
n/a: not assessable; rwToT: real-world time on treatment.

In the PS 0–1 cohort, the median rwToT with pembrolizumab was 7.4 months (95% CI,
6.3–8.1), and 22.1% of patients (95% CI, 19.1–25.3) remained on pembrolizumab at 24 months;
the restricted mean rwToT at 24 months was 10.3 months (95% CI, 9.7–11.0; Table 2,
Figure 2). In the PS 2 cohort, the median rwToT with pembrolizumab was 2.1 months
(95% CI, 1.4–2.8), and 9.9% of patients (95% CI, 6.1–14.6) remained on pembrolizumab
at 24 months; the restricted mean rwToT at 24 months was 5.9 months (95% CI, 4.9–7.0
(Lognormal)).

Among patients with at least 2 years of theoretical follow-up, the median number
of pembrolizumab cycles administered was 10.0 and 3.5 in the PS 0–1 and PS 2 cohorts,
respectively (Table S2). In the PS 0–1 cohort, 378 patients (64%) received six or more cycles,
and in the PS 2 cohort, 66 (38%) patients received ≥ 6 cycles. A total of 92 (16%) and 14 (8%)
received ≥ 35 cycles, respectively. Most patients were treated with the 200-mg dose of
pembrolizumab, approved by the US FDA for administration every 3 weeks; 16 (3%) and
2 (1%) patients, respectively, received the 400-mg dose, approved on 28 April 2020 for
administration every 6 weeks.
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3.3. Subanalysis of rwToT by KRAS Mutation Status for Nonsquamous NSCLC, PS 0–1

Of the 544 patients with nonsquamous NSCLC who had good performance status
(PS 0–1), the KRAS mutation status was available for 330 patients, including 164 (50%)
with KRAS-mutated NSCLC and 166 (50%) with KRAS wild-type NSCLC. The median
rwToT with first-line pembrolizumab monotherapy was 7.6 months (95% CI, 6.3–10.6) for
patients with KRAS-mutated NSCLC, 7.0 months (95% CI, 5.3–9.3) for those with KRAS
wild-type tumors, and 7.6 months (95% CI, 6.3–8.8) for all patients with nonsquamous
tumors (Table 3, Figure 3). The 24-month restricted mean rwToT was 11.3 and 10.3 months
in the KRAS-mutated and wild-type cohorts, respectively, and the Kaplan–Meier estimates
of percentages of patients still on treatment at 24 months were 25.7% (95% CI, 18.8–33.1%)
and 23.0% (95% CI, 16.4–30.3%), respectively (Table 3).

Table 3. Real-world time on treatment with first-line pembrolizumab monotherapy for patients with
ECOG performance status 0–1, according to KRAS mutation status.

Variable All Nonsquamous
N = 544

KRAS Positive
N = 164

KRAS Wild-Type
N = 166

KRAS Unknown
N = 214

Pembrolizumab rwToT
Discontinued pembrolizumab, n (%) 410 (75.4) 126 (76.8) 131 (78.9) 153 (71.5)

rwToT, median (95% CI), mo 7.6 (6.3–8.8) 7.6 (6.3–10.6) 7.0 (5.3–9.3) 7.9 (4.8–10.8)
Restricted mean rwToT (95% CI), mo

Restricted to 12 months 7.1 (6.7–7.5) 7.4 (6.7–8.1) 6.9 (6.3–7.7) 7.0 (6.3–7.7)
Restricted to 24 months 10.7 (9.9–11.5) 11.3 (9.9–12.8) 10.3 (9.0–11.8) 10.5 (9.3–11.8)

Restricted to 36 months 13.0 (11.9–14.1)
(Weibull)

13.5 (11.6–15.6)
(Weibull)

12.2 (10.4–14.3)
(Weibull)

13.2 (11.4–15.2)
(Weibull)

Restricted to 48 months 14.5 (13.1–16.0)
(Weibull)

14.9 (12.6–17.7)
(Weibull)

13.4 (11.2–16.0)
(Weibull)

15.0 (12.7–17.6)
(Weibull)

On-treatment rate, % (95% CI) 1

At 12 months 37.1 (33.0–41.3) 38.3 (30.8–45.8) 35.1 (27.8–42.5) 37.9 (31.2–44.7)
At 24 months 24.6 (20.7–28.6) 25.7 (18.8–33.1) 23.0 (16.4–30.3) 25.1 (18.9–31.7)
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Table 3. Cont.

Variable All Nonsquamous
N = 544

KRAS Positive
N = 164

KRAS Wild-Type
N = 166

KRAS Unknown
N = 214

At 36 months 16.5 (12.8–20.6) 17.7 (11.2–25.4) 12.5 (6.9–19.8) 19.1 (13.2–26.0)
At 48 months 10.6 (6.5–15.8) n/a 9.4 (4.4–16.6) 17.5 (11.5–24.6)

1 On-treatment rates were based on Kaplan–Meier estimates. mo: months; n/a: not assessable; rwToT: real-world
time on treatment.
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3.4. Sensitivity Analysis Including Only Patients with Stage-IV NSCLC at Diagnosis

The initial NSCLC diagnosis was made at stage IV for most patients, including
566 (70%) in the PS 0–1 cohort and 178 (75%) in the PS 2 cohort. The baseline characteristics
of these patients resembled those of the full cohorts, including median ages of 71 years and
75 years, respectively, and approximately 50% men, as summarized in Table S3.

The results of the rwToT analyses showed a similar pattern to those of the full cohorts:
the median rwToT for patients with PS 0–1 was 6.5 months (95% CI, 5.6–7.6), and for those
with PS 2, it was 1.6 months (95% CI, 0.7–2.8; Table S4, Figure S1). An estimated 21.2%
(95% CI, 17.7–25.0) and 7.7% (95% CI, 4.0–13.0) of patients with PS 0–1 and PS 2, respectively,
remained on pembrolizumab therapy at 24 months.

3.5. Subsequent Systemic Anticancer Therapy

In the PS 0–1 cohort, 263 patients (33%) received second-line systemic anticancer therapy,
most commonly anti-PD-1/PD-L1-based therapy (105, 40%) or platinum-based chemotherapy
(88, 33%; Table 4). Second-line pembrolizumab was administered as monotherapy to 25
patients and in combination with other agents to 66 patients, most commonly with carboplatin
and pemetrexed (details are in Table S5). Third-line systemic therapy was administered to
91 of the 263 patients who received second-line therapy (35%), most commonly as anti-PD-
1/PD-L1-based therapy (34, 37%) or single-agent chemotherapy (24, 26%).
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Table 4. Subsequent systemic anticancer therapy regimens.

Regimen by Treatment Line 1 ECOG 0–1
N = 807

ECOG 2
N = 237

Systemic Therapy Line 2 263 (32.6) 39 (16.5)
Anti-PD-1/PD-L1-based therapies 105 (39.9) 11 (28.2)
Anti-PD-1/PD-L1 monotherapy 36 (34.3) 3 (27.3)

Anti-PD-1/PD-L1 combination therapy 69 (65.7) 8 (72.7)
Anti-VEGF-based therapies 25 (9.5) 4 (10.3)

Platinum-based chemotherapy combinations 88 (33.5) 17 (43.6)
Nonplatinum-based chemotherapy combinations 3 (1.1) 0

Single-agent chemotherapy 29 (11.0) 6 (15.4)
Other therapy 13 (4.9) 1 (2.6)

Systemic Therapy Line 3 91 (11.3) 10 (4.2)
Anti-PD-1/PD-L1-based therapies 34 (37.4) 4 (40.0)
Anti-PD-1/PD-L1 monotherapy 15 (44.1) 2 (50.0)

Anti-PD-1/PD-L1 combination therapy 19 (55.9) 2 (50.0)
Anti-VEGF-based therapies 12 (13.2) 2 (20.0)

Platinum-based chemotherapy combinations 13 (14.3) 0
Nonplatinum-based chemotherapy combinations 1 (1.1) 0

Single-agent chemotherapy 24 (26.4) 3 (30.0)
Other therapy 7 (7.7) 1 (10.0)

Systemic Therapy Line 4 24 (3.0) 4 (1.7)
Anti-PD-1/PD-L1-based therapies 5 (20.8) 1 (25.0)
Anti-PD-1/PD-L1 monotherapy 1 (20.0) 0

Anti-PD-1/PD-L1 combination therapy 4 (80.0) 1 (100)
Anti-VEGF-based therapies 4 (16.7) 0

Platinum-based chemotherapy combinations 5 (20.8) 0
Single-agent chemotherapy 8 (33.3) 1 (25.0)

Other therapy 2 (8.3) 2 (50.0)

Systemic Therapy Line 5 7 (0.9) 2 1 (0.4) 3

Anti-PD-1/PD-L1-based therapies 3 (42.9) 0
Anti-PD-1/PD-L1 monotherapy 2 (66.7) 0

Anti-PD-1/PD-L1 combination therapy 1 (33.3) 0
Anti-VEGF-based therapies 1 (14.3) 0

Platinum-based chemotherapy combinations 1 (14.3) 0
Single-agent chemotherapy 1 (14.3) 1 (100)

Other therapy 1 (14.3) 0
1 Drug regimen classes are shown as a percentage of the relevant treatment line, with anti-PD-1/PD-L1 monother-
apy and combination therapy shown as a percentage of the anti-PD-1/PD-L1-based therapy regimen class.
Mutually exclusive regimen classes were assigned in hierarchical order as shown, beginning with anti-PD-1/PD-
L1-based therapy. Data are n (%), and percentages may not total 100 because of rounding. 2 Three patients
continued to line 6 and received anti-PD-1/PD-L1 combination therapy, anti-VEGF-based therapy, and other ther-
apy; and one patient received other therapy in line 7. 3 One patient continued to line 6 and received single-agent
chemotherapy. PD-1/PD-L1: programmed death 1/PD-ligand 1; VEGF: vascular endothelial growth factor.

In the PS 2 cohort, 39 patients (16%) continued to second-line therapy, 17 (44%) of
whom received platinum-based chemotherapy, and 11 (28%) of whom received anti-PD-
1/PD-L1-based therapy (Table 4). Of the latter 11 patients, 10 received pembrolizumab, 3 as
monotherapy and 7 in combination with other agent(s) (Table S5). Ten patients (10/39, 26%)
continued to third-line therapy, most commonly anti-PD-1/PD-L1-based therapy (4, 40%)
or single-agent chemotherapy (3, 30%).

4. Discussion

In this retrospective observational study, the median rwToT with first-line pem-
brolizumab monotherapy was 7.4 months for the 807 patients in the PS 0–1 cohort and
2.1 months for the 237 patients in the PS 2 cohort. These patients, with advanced NSCLC,
PD-L1 expression ≥ 50%, and no documented EGFR/ALK/ROS1 genomic alterations, were
treated with first-line pembrolizumab monotherapy in the real-world setting of US on-
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cology practices. With a median follow-up of almost 3 years (34 months) in both the PS
0–1 and PS 2 cohorts, the Kaplan–Meier estimated percentages of patients still on pem-
brolizumab treatment at 24 months were 22% and 10%, respectively. Among patients in the
PS 0–1 cohort, the median rwToT was 7.6 months for those with KRAS-positive NSCLC
and 7.0 months for those with KRAS wild-type NSCLC, both resembling that of the full PS
0–1 cohort with nonsquamous NSCLC (median 7.6 months).

The median rwToT of 7.4 months for all patients with ECOG PS 0–1 was consistent
with the analogous endpoint in KN024 (median pembrolizumab duration, 7.9 months)
and the subpopulation with stage-IV NSCLC, with PD-L1 ≥ 50%, in KN042 (median, 6.6
months), as calculated in our prior study [13,22,30]. Moreover, the 24-month restricted mean
rwToT was 10.3 months (95% CI, 9.7–11.0), also consistent with the 24-month restricted
mean durations of pembrolizumab treatment in KN024 and the KN042 subpopulation of
11.0 months (95% CI, 9.5–12.5) and 10.4 months (95% CI, 9.3–11.5), respectively [13,22,30].

Among patients with at least 2 years of theoretical follow-up (i.e., from pembrolizumab
initiation until data cutoff), 16% of patients with ECOG PS 0–1 had received ≥ 35 pem-
brolizumab cycles. By contrast, in KN024, 26% of patients had completed 35 cycles at the
time of the most recent (5-year) assessment. This difference could be attributable to differ-
ences in follow-up length of the present study relative to KN024 (median, 34 vs. 60 months,
respectively) [14], as well as potential treatment interruptions, which are common in routine
clinical practice, and administration of the 400-mg dose (n = 16) after FDA approval in
2020. Of interest, at data cutoff, only one-third of patients with ECOG PS 0–1 (33%) had
continued to a subsequent systemic therapy, and 40% of these patients received second-line
anti-PD-1/PD-L1-based therapy.

We observed that patients were somewhat older in the PS 0–1 cohort of the present
study than in the pembrolizumab arms of the KEYNOTE trials (median age 72 vs. 65 and
63 in KN024 and KN042) and included proportionately more women (49% vs. 40% and 32%
in KN024 and KN042) [13,22,30]. These differences between real-world and cancer trial
patient populations in terms of age and sex distribution are commonly reported [27,31–33].

In the sensitivity analysis of results for the patients in our study with stage-IV NSCLC
at diagnosis, the median rwToT of 6.5 months and 1.6 months in PS 0–1 and PS 2 cohorts,
respectively, were shorter than those for all patients, likely reflective of more severe disease
with an initial diagnosis at stage IV. The median rwToT in our prior similarly designed,
retrospective study was 6.9 months for patients with stage-IV NSCLC in the PS 0–1 co-
hort [22]. With the longer follow-up in the present study relative to that study, the 24-month
restricted mean rwToT values were similar (10.3 months; 95% CI, 9.7–11.0 vs. 10.5 months;
9.4–11.7 (Weibull) in the prior study), and this was also the case for patients included in
stage-IV sensitivity analyses (10.0 months; 95% CI, 9.2–10.7) [22].

Other recently published studies have used the Flatiron Health database to eval-
uate outcomes with first-line ICI therapy for broadly defined patient populations with
advanced/metastatic NSCLC [34,35]. For 810 patients with stage-IV NSCLC at diagnosis
(no EGFR/ALK genomic alteration), the median rwToT was 4.7 months (95% CI, 4.2–5.8)
months [34]. That study included all patients irrespective of PD-L1 expression and perfor-
mance status (68% had PD-L1 ≥ 50%, ~50% had ECOG PS of 0–1, and 25% had unknown
ECOG PS), and the 6-month minimum follow-up may have limited the ability to capture
the full treatment course. Similarly, using the Flatiron Health database, with a median
follow-up of approximately 7 months, Waterhouse et al. [35] estimated median rwToT with
first-line ICI monotherapy of 4.3 and 4.4 months for squamous and nonsquamous advanced
NSCLC, respectively (70% of 3041 patients with PD-L1 ≥ 50%; 53% with ECOG PS of 0–1).

At the time of this writing, we were unable to find rwToT information specifically for
first-line atezolizumab or cemiplimab, perhaps because of their later first-line approvals
(2020 and 2021, respectively, in the US). In key first-line clinical trials, the median duration
of atezolizumab monotherapy was 5.3 months, and the median duration of cemiplimab
monotherapy was 6.3 months [36,37].
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In the present study, half of those tested with nonsquamous tumors had KRAS-mutated
NSCLC, which was not unexpected because KRAS mutations are more prevalent in PD-
L1-expressing tumors. Similarly, in another study restricted to high PD-L1-expressing
tumors (PD-L1 ≥ 50%) and no EGFR/ALK/ROS1 genomic alteration, Noordhof et al. [11]
found that 57% of metastatic lung adenocarcinomas carried KRAS mutations. Instead,
in the broader sample not restricted by PD-L1 expression included in the Lung Cancer
Mutation Consortium study, 27% of 1655 patients had metastatic lung adenocarcinomas
harboring a KRAS mutation [8]. We found that the median and restricted mean rwToT
with pembrolizumab monotherapy were similar for KRAS-mutated vs. wild-type vs. all
nonsquamous tumors, with Kaplan–Meier estimated on-treatment rates at 24 months
of 26%, 23%, and 25%, respectively. These findings are aligned with those of others
who reported no differences in the effectiveness of first-line ICI therapy according to
KRAS mutation status [9,10], although a concomitant STK11 mutation was found to be
associated with PD-1 inhibitor resistance and worse clinical outcomes [38]. We did not
have information regarding KRAS mutation subtypes; however, in one large chart review
study, responses and duration of benefit with available therapies were similar with KRAS
G12C mutations versus KRAS non-G12C mutations [39]. Moreover, in KN042, patients who
had KRAS-mutated tumors, including those with the KRAS G12C mutation, experienced
improved outcomes with pembrolizumab compared with chemotherapy [10]. We note that
the first inhibitor of the KRAS G12C mutation, sotorasib, was approved in the US in May
2021 for previously treated advanced NSCLC.

The strengths of the current study include the large patient population drawn from
a well-curated, well-regarded database, including patients with an ECOG PS of 2, who
are usually not eligible for clinical trials. Patient characteristics were well-defined, with
known negative status for EGFR and ALK genomic alterations of nonsquamous tumors and
no missing data for tumor PD-L1 expression or patients’ performance status. The median
study follow-up was lengthy—almost 3 years.

We acknowledge the possibility of selection bias, for example, because ECOG PS was
not consistently documented, so many otherwise eligible patients (26%) were excluded.
Moreover, the findings may not be generalizable outside of the Flatiron Health network
or for academic centers, as most patients were treated in the community oncology setting.
Information was missing for clinically important variables, such as whether brain metas-
tases were pretreated, although observational studies suggest that the survival benefit
from pembrolizumab-based therapy may not be inferior for patients with brain metas-
tases [40]. Finally, the KRAS subanalysis was limited to the 330 patients with available
data, and no data were available regarding KRAS G12C mutations or the status of other
mutations that have been associated with prognosis, such as STK11, KEAP1, and PTEN
gene mutations [41,42].

Further study of well-characterized, real-world patient populations is needed to
continue defining the optimal duration of pembrolizumab therapy for advanced NSCLC
and the association of rwToT with disease progression and survival. In addition, subgroup
analyses of future studies that incorporate key clinical characteristics potentially affecting
outcomes with first-line ICI monotherapy could provide useful insights for practicing
clinicians. Pembrolizumab-containing regimens remain the standard of care in the first-line
treatment of patients with KRAS-mutated NSCLC, notwithstanding the recent availability
of KRAS-targeted therapy.

5. Conclusions

Patients with good performance status (ECOG PS 0–1) treated in the US real-world
clinical setting for advanced NSCLC, with PD-L1 TPS ≥ 50%, and without EGFR/ALK/ROS1
genomic alterations, experienced a median rwToT of 7.4 months, similar to the treatment du-
rations observed in clinical trials. Furthermore, 22% remained on first-line pembrolizumab
monotherapy at 24 months. For patients with an ECOG PS of 2, the median rwToT was
2.1 months; and 10% remained on first-line pembrolizumab monotherapy at 24 months.
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We observed no clinically relevant differences in rwToT variables based on KRAS mutation
status for patients with nonsquamous NSCLC and good performance status. Our findings
suggest a long-term benefit of pembrolizumab monotherapy for advanced NSCLC with
PD-L1 TPS ≥ 50% in real-world settings in the US, particularly for patients with good
performance status at the start of therapy, irrespective of KRAS mutation status.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers14041041/s1, Table S1. Additional characteristics of patients with advanced NSCLC
(stage IIIB/C, IV), according to ECOG performance status; Table S2. Distribution of the number of
administered cycles of first-line pembrolizumab for patients with advanced NSCLC, according to
ECOG performance status, among patients with at least 2 years of theoretical follow-up; Table S3.
Baseline characteristics of patients with initial NSCLC diagnosis made at stage IV, according to
ECOG performance status; Table S4. Real-world time on treatment with pembrolizumab for patients
with initial NSCLC diagnosis made at stage IV, according to ECOG performance status; Table S5.
Subsequent systemic anticancer therapy regimens; Figure S1. Kaplan–Meier plot depicting real-world
time on treatment (rwToT) with pembrolizumab for patients with initial NSCLC diagnosis made at
stage IV, according to ECOG performance status.
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