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Abstract

Background: In the EMPOWER-Lung 1 trial (ClinicalTrials.gov, NCT03088540),
cemiplimab conferred longer survival than platinum-doublet chemotherapy for
advanced non-small cell lung cancer (NSCLC) with programmed cell death-ligand 1
(PD-L1) >50%. Patient-reported outcomes were evaluated among trial participants.
Methods: Adults with NSCLC and Eastern Cooperative Oncology Group perfor-
mance status O to 1 were randomly assigned cemiplimab 350 mg every 3 weeks or
platinum-doublet chemotherapy. At baseline and day 1 of each treatment cycle,
patients were administered the European Organization for Research and Treatment
of Cancer Quality of Life-Core 30 (QLQ-C30) and Lung Cancer Module (QLQ-LC13)
questionnaires. Mixed-model repeated measures analysis estimated overall change
from baseline for PD-L1 >50% and intention-to-treat populations. Kaplan-Meier
analysis estimated time to definitive deterioration.

Results: In PD-L1 >50% patients (cemiplimab, n = 283; chemotherapy, n = 280),
baseline QLQ-C30 and QLQ-LC13 scores showed moderate-to-high functioning and
low symptom burden. Change from baseline favored cemiplimab on global health
status/quality of life (GHS/QOL), functioning, and most symptom scales. Risk of
definitive deterioration across functioning scales was reduced versus chemo-
therapy; hazard ratios were 0.48 (95% Cl, 0.32-0.71) to 0.63 (95% CI, 0.41-0.96).
Cemiplimab showed lower risk of definitive deterioration for disease-related (dys-
pnea, cough, pain in chest, pain in other body parts, fatigue) and treatment-related

symptoms (peripheral neuropathy, alopecia, nausea/vomiting, appetite loss,
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INTRODUCTION

Lung cancer continues to be the leading cause of cancer-related
deaths in the United States.® Non-small cell lung cancer (NSCLC) is
the predominant form of lung cancer, accounting for approximately
80% of cases.? Although platinum-based chemotherapy has long been
the standard of care for treatment of advanced NSCLC, such therapy
has also been associated with a low response rate and short
progression-free and overall survival.®> Advanced NSCLC and
platinum-based chemotherapy are associated with a substantial hu-
manistic burden, as demonstrated by patient reports of lower health-
related quality of life (HRQOL) and impaired functioning.*~*° HRQOL
and functioning are particularly affected by disease-related symp-
toms, such as shortness of breath, cough, fatigue, and pain, and
chemotherapy-related symptoms, including neuropathy and sore
mouth.>™”

In recent years, immunotherapy has been incorporated as first-
line systemic therapy for advanced NSCLC,® with monoclonal anti-
bodies targeting programmed cell death-1 (PD-1) playing a pivotal
role, especially for the treatment of patients with advanced NSCLC
who have PD-ligand 1 (PD-L1) expression in >50% of tumor cells and
are negative for the actionable molecular markers of epidermal
growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), or
C-ROS oncogene 1 (ROS1).11-14

Cemiplimab is a PD-1 inhibitor that is approved as mono-
therapy for first-line treatment of patients with metastatic or locally
advanced NSCLC who are not candidates for surgical resection or
definitive chemoradiation, and whose tumors have high PD-L1
expression (tumor proportion score >50%) as determined by a US
Food and Drug Administration-approved test, and are negative for
EGFR, ALK, and ROS1.%® In the EMPOWER-Lung 1 phase 3 clinical
trial, cemiplimab improved survival and progression-free survival
(both primary end points of the study) versus platinum-doublet
chemotherapy in patients with advanced NSCLC and PD-L1
expression >50% (ClinicalTrials.gov identifier NCT03088540).2
Treatment with cemiplimab was also associated with a higher
objective response rate assessed by an independent review com-

mittee based on Response Evaluation Criteria in Solid Tumors

in symptom burden.

versus platinum-doublet chemotherapy in GHS/QOL and functioning and reduction

cemiplimab, non-small cell lung cancer, patient-reported outcomes, quality of life, symptom

(RECIST 1.1) and with a longer duration of response than treatment
with chemotherapy.**

The importance of collecting patient-reported outcomes
(PROs) using validated instruments to capture the patient's
perspective of the effects of therapy on HRQOL among partici-
pants in cancer clinical trials is widely recognized.'®~*® To evaluate
outcomes from the patient's perspective, the European Organiza-
tion for Research and Treatment of Cancer Quality of Life-Core 30
(QLQ-C30)* questionnaire and its Lung Cancer Module (QLQ-
LC13)%° were included in the EMPOWER-Lung 1 study as pre-
specified secondary end points. The objective of this analysis was
to assess the effects of cemiplimab on HRQOL, including patient-
reported symptom burden, functioning, and global health status/
quality of life (GHS/QOL) in patients with advanced NSCLC and
PD-L1 expression >50%.

METHODS
Study design and population

The EMPOWER-Lung 1 study was an open-label, randomized-
controlled, phase 3 pivotal clinical trial that evaluated cemiplimab
versus platinum-doublet chemotherapy for the treatment of adults
(aged >18 vyears) with stage IIIB/IIIC or IV squamous or non-
squamous NSCLC with PD-L1 expressed in >50% of tumor cells.
Patients were required to have histologically or cytologically
confirmed disease and Eastern Cooperative Oncology Group per-
formance status <1. Patients with locally advanced disease (stage
111B/I1IC) could be enrolled in the study only if deemed ineligible for
definitive concomitant chemoradiotherapy. Complete methodology
with full inclusion and exclusion criteria, patient attrition through
study completion, and the primary efficacy and safety results have
been previously described.'* The study was conducted in accordance
with the principles of the Declaration of Helsinki and the Interna-
tional Conference on Harmonisation Good Clinical Practice guide-
lines. All patients provided written informed consent before

enrollment.
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Treatment

Patients were randomized to cemiplimab 350 mg intravenously every
3 weeks for up to 36 treatment cycles or four to six cycles of in-
vestigator's choice of platinum-doublet chemotherapy determined
before randomization. Patients were treated for the specified dura-
tion or number of cycles or until RECIST 1.1-defined disease pro-
gression. Maintenance chemotherapy with pemetrexed was allowed
for patients with nonsquamous NSCLC who had received a

pemetrexed-containing platinum-doublet chemotherapy.

Outcomes

At baseline and day 1 of each treatment cycle, patients were
administered the QLQ-C30% and QLQ-LC13 before treatment
administration.2® The QLQ-C30 assesses HRQOL over the past week
using a GHS/QOL scale, and five functioning (physical, role, cognitive,
emotional, and social) and eight symptom (fatigue, pain, nausea/
vomiting, dyspnea, insomnia, appetite loss, constipation, and diar-
rhea) scales. Functioning and symptoms items are assessed on a 4-
point Likert scale, and GHS/QOL is assessed on a 7-point Likert
scale. Item scores are subsequently transformed to a O to 100 scale;
high scores on functioning domains and GHS/QOL and low scores on
symptoms reflect better outcomes. A change in score of >10 points in
the transformed score is considered to be clinically meaningful.
Although other thresholds for considering a clinically meaningful
change have also been explored in patients with NSCLC,?? they have
not been formally validated, nor have appropriate anchors been
established for determining these thresholds.

Statistical analysis

Sample size was calculated based on estimates related to the primary
end points of overall survival and progression-free survival as pre-
viously reported,’* and the study was not specifically powered for
secondary PRO end points. Because tumor samples from patients
tested before August 2018 were not consistently analyzed per assay
instructions for use (with omitted or incorrect controls used), a PD-
L1 >50% population was prespecified to include only patients with
assay results based on assay manufacturer's instructions (i.e.,, PD-
L1 >50% on retest and those tested after August 2018 who were not
affected by the testing issue). Although the PD-L1 >50% population
was the primary population of interest, analyses were also conducted
on the intention-to-treat (ITT) population that consisted of all ran-
domized patients.

All PRO analyses and definitions were prespecified. Descriptive
statistics included demographic and clinical characteristics and PRO
completion rates. Completion rates were defined as the proportion
of patients who answered all items on the PROs among those who
were expected to complete the PRO (i.e., alive and still on study).

Mixed-model repeated measures (MMRM) analysis was used to
estimate least-squares (LS) mean change from baseline and 95% Cls
on all scales among patients with a baseline and >1 postbaseline
score up to cycle 15, which represents approximately 1 year of
treatment. The sample size in the chemotherapy group was <10
after cycle 15. In the MMRM analysis, time was treated as a cat-
egorical variable so that no restriction was imposed on the trajec-
tory of the means over time. The model adjusted for the
stratification factors used for randomization (histology [non-
squamous or squamous] and geographic region [Europe, Asia, or
rest of world]), as well as for treatment, time, baseline PRO score,
and interactions of time by treatment and baseline score by time.
An unstructured variance-covariance matrix was used to model the
covariance structure for each patient's repeated measures. Stan-
dardized mean differences (SMDs) between treatments were esti-
mated based on Hedges g2° with effect sizes of 0.2, 0.5, and 0.8
considered small, moderate, and large, respectively. MMRM ana-
lyses used all available data and assumed that missing observations
are missing at random. To address the possibility that missing data
were not missing at random, pattern mixture modeling (PMM) was
conducted as a sensitivity analysis.?* The PMM used sequential
modeling with multiple imputation by reasons of discontinuation
and delta adjustment.

Kaplan-Meier survival analysis over the study period estimated
time to definitive deterioration, which has been recommended as a
useful longitudinal outcome in patients with advanced or metastatic
cancer.?’> Log-rank tests were used for comparison of survival
function between treatment groups. Time to definitive deterioration
was defined as the time from randomization to clinically meaningful
worsening (i.e., >10-point change) from baseline that was sustained
at all subsequent time points or followed by patient withdrawal
after worsening, resulting in missing data. Patients who did not
experience definitive deterioration before the clinical data cutoff
(March 1, 2020) were censored at the date of the last available
PRO assessment (i.e.,, date of the last nonmissing value). Patients
with no baseline assessment or patients with no postbaseline as-
sessments were censored at the date of randomization. Hazard
ratios (HRs) with 95% Cls were derived by means of a stratified
Cox proportional hazards model to assess the magnitude of the
treatment difference, with strata being the stratification factors
used for randomization. Two-sided nominal p values were calcu-
lated, with no adjustments made for multiple comparisons. Signifi-
cance testing was set at a = 0.05.

All analyses were conducted using SAS 9.4 (SAS Institute, Cary,
North Carolina).

RESULTS

Between June 27, 2017, and February 27, 2020, 710 patients were
randomized to cemiplimab (n = 356) or chemotherapy (n = 354) and

represent the ITT population. The PD-L1 >50% population consisted
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of 563 patients, of which 283 were randomized to cemiplimab and
280 to chemotherapy, with PD-L1 results based on the assay man-
ufacturer's instructions for use. In the PD-L1 >50% population,
overall median (interquartile range) duration of follow-up was 10.8
(7.6-15.8) months and 10.9 (7.8-15.6) months for cemiplimab and
chemotherapy, respectively.

Demographic and clinical characteristics were similar between
the two treatment groups in both the PD-L1 >50% and ITT
populations (Table 1). Most patients (~84%) had metastatic (stage
IV) disease and approximately 12% of patients had brain
metastases.

The PROs were completed by >98% of patients at baseline in
both treatment groups of the PD-L1 >50% population. High rates of
completion were maintained across the study period; >87.5% in the
cemiplimab group and >90.0% in the chemotherapy group answered
all questions on the PROs.

TABLE 1 Baseline characteristics

The mean (SD) transformed baseline scores on the QLQ-C30
and QLQ-LC13 were similar between treatment groups, and
ranged from 74.1 (20.8) to 89.7 (16.8) on functioning scales and 2.6
(11.4) to 35.6 (25.1) on symptom scales (Figure 1); mean (SD) GHS/
QOL scores were 60.1 (21.6) and 59.1 (21.1) in the cemiplimab and
chemotherapy groups, respectively. The LS mean changes from
baseline across the first year of treatment showed significant im-
provements with cemiplimab on QLQ-C30 GHS/QOL and the
physical and emotional functioning scales, with no significant
changes on the other functioning scales (Figure 2A). Chemotherapy
was associated with significant improvement in emotional func-
tioning and significant worsening in cognitive and social functioning
(Figure 2A). Patients treated with cemiplimab reported significant
reductions in all QLQ-C30 symptoms (Figure 2B) and in most
symptoms on the QLQ-LC13 (Figure 2C), while worsening in
nausea/vomiting, constipation, sore mouth, peripheral neuropathy,

PD-L1 > 50% population

ITT population

Characteristic Cemiplimab (n = 283)

Chemotherapy (n = 280)

Cemiplimab (n = 356) Chemotherapy (n = 354)

Age,y

Mean (SD) 63.1(8.2) 63.9 (8.5) 63.0 (8.2) 63.3 (8.6)

Median (IQR) 63.0 (58.0-69.0) 64.0 (58.0-70.0) 63.0 (58.0-69.0) 64.0 (57.0-69.0)
Age > 65y 126 (44.5) 133 (47.5) 156 (43.8) 164 (46.3)
Male 248 (87.6) 231 (82.5) 312 (87.6) 294 (83.1)
Region of enrollment

Europe 215 (76.0) 216 (77.1) 275 (77.2) 278 (78.5)

Asia 31 (11.0) 29 (10.4) 39 (11.0) 38 (10.7)

Rest of world 37 (13.1) 35 (12.5) 42 (11.8) 38 (10.7)
Eastern Cooperative Oncology Group performance status

0 77 (27.2) 75 (26.8) 96 (27.0) 96 (27.1)

1 206 (72.8) 205 (73.2) 260 (73.0) 258 (72.9)
Smoking status

Current smoker 105 (37.1) 92 (32.9) 133 (37.4) 120 (33.9)

Past smoker 178 (62.9) 188 (67.1) 223 (62.6) 234 (66.1)
Histology

Squamous 122 (43.1) 121 (43.2) 159 (44.7) 152 (42.9)

Nonsgquamous 161 (56.9) 159 (56.8) 197 (55.3) 202 (57.1)
Brain metastases 34 (12.0) 34 (12.1) 44 (12.4) 39 (11.0)
Stage at screening

Locally advanced 45 (15.9) 42 (15.0) 63 (17.7) 52 (14.7)

Metastatic 238 (84.1) 238 (85.0) 293 (82.3) 302 (85.3)
Previous systemic neoadjuvant therapy 3(1.0) 4 (1.4) 4 (1.1) 7 (2.0)
Previous systemic adjuvant therapy 5(1.8) 12 (4.3) 9 (2.5) 15 (4.2)

Note: Data are n (%) unless otherwise specified; values may not sum to 100% because of rounding.

Abbreviations: IQR, interquartile range; ITT, intention-to-treat; PD-L1, programmed cell death-ligand 1; SD, standard deviation.
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(A)

GHS/QoL
Physical
Role
Emotional
Cognitive

Social

(B)
Fatigue
Nausea/vomiting
Pain
Dyspnea
Insomnia

Appetite loss
Constipation

Diarrhea

©)

Dyspnea
Coughing
Hemoptysis
Sore mouth
Dysphagia

Peripheral
neuropathy

Alopecia

Pain in arm
or shoulder

Pain in chest
Pain in other

parts of body

Il Cemiplimab W Chemotherapy

QLQ-C30 GHS/QOL and functioning scales

60.1(21.6)
59.1 (21.1)

74.5 (20.0)
74.1 (20.8)

75.2 (28.1)
74.2'(27.6)

80.3 (20.3)
80.4 (20.9)

88.2 (17.9)
89.7 (16.8)

84.3 (22.6)
82.7 (25.2)

T T T T 1

20 40 60 80 100
Baseline score, mean (SD)

QLQ-C30 symptom scales

35.6 (25.1
34.0 (259 )

27.9 (27.1)
28.3 (28.7)

30.3 (28.0)
275 (27.9)

24.2 Ezg,s;
241 (28.0)
21.4 (27,
558 (35).1)
12.6 (25.0)

14.5 (26.5)

5.4 (15.2)

3.8(12.7)

T T T T

20 40 60 80 100
Baseline score, mean (SD)

QLQ-LC13 symptom scales
28.0 (23.7)
25.9 (22.1)

38.3 (20.7)
362 (25.8)

21.7 (27.0)
19.6 (25.8)

17.8 (27.0)
21.3(29.3)

T T T 1

20 40 60 80 100
Baseline score, mean (SD)

FIGURE 1 Baseline levels of GHS/QOL, functioning, and symptoms on the QLQ-C30 and QLQ-LC13. (A) QLQ-C30 GHS/QOL and
functioning scales. (B) QLQ-C30 symptom scales. (C) QLQ-LC13 symptom scales. GHS/QOL indicates global health status/quality of life; QLQ-
C30, European Organization for Research and Treatment of Cancer Quality of Life-Core 30; QLQ-LC13, European Organization for Research
and Treatment of Cancer Quality of Life-Lung Cancer Module; SD, standard deviation.

and alopecia was observed with chemotherapy. Chemotherapy was
also associated with significant improvements in pain, dyspnea,
insomnia, and diarrhea on the QLQ-C30, and cough, hemoptysis,
and pain in chest on the QLQ-LC13.

Overall treatment effects across all time points significantly
favored cemiplimab on GHS/QOL and all functioning scales (all two-

sided nominal p < .05) (Figure 3). The greatest effects were on social
functioning (SMD, 0.32; 95% ClI, 0.15-0.50) and GHS/QOL (SMD,
0.30; 95% Cl, 0.12-0.48) with differences in LS means (95% Cls) of
5.27 (2.41-8.13; two-sided nominal p = .0003) and 5.03 (2.11-7.96;
two-sided nominal p = .0008), respectively. Between-group differ-
ences in LS means showed significant benefits of cemiplimab over
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I Cemiplimab (n = 283)

(A)

Chemotherapy (n = 280)

QLQ-C30 GHS/QOL and functioning scales
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FIGURE 2 MMRM analysis of overall change from baseline across 15 cycles (1 year) of treatment. (A) QLQ-C30 GHS/QOL and
functioning scales. (B) QLQ-C30 symptom scales. (C) QLQ-LC13 symptom scales. Cl indicates confidence interval; GHS/QOL, global health
status/quality of life; LS, least squares; MMRM, mixed-model repeated measures; QLQ-C30, European Organization for Research and
Treatment of Cancer Quality of Life-Core 30; QLQ-LC13, European Organization for Research and Treatment of Cancer Quality of Life-Lung

Cancer Module.

chemotherapy on key disease-related symptoms of fatigue, dyspnea
(QLQ-LC13 only), and pain in other parts, and treatment-related
symptoms of nausea/vomiting, appetite loss, sore mouth, con-
stipation, peripheral neuropathy, dysphagia, and alopecia (all two-
sided nominal p < .05), although these differences did not exceed
the clinically meaningful threshold. The largest effect sizes were for
fatigue (SMD, —-0.44; 95% Cl, —0.61 to —0.26) and appetite loss
(SMD, -0.37; 95% Cl, —0.55 to —0.20) on the QLQ-C30 symptoms,

and alopecia (SMD, —-0.91; 95% Cl, —1.09 to —0.73) and peripheral
neuropathy (SMD, —0.44; 95% Cl, —0.62 to —0.27) on the QLQ-LC13
symptoms.

Significant improvements in GHS/QOL with cemiplimab versus
chemotherapy were reported as early as cycle 2 and were maintained
to cycle 9 (all two-sided nominal p < .05) (Figure 4). At cycles 12 and
15, the LS mean changes from baseline in the cemiplimab group were
numerically higher than in the chemotherapy group but failed to
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GHS/QOL —a—
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FIGURE 3 MMRM analysis of overall difference in treatment effects across 15 cycles (1 year) of treatment. Statistical significance
indicated using two-sided nominal p values. Cl indicates confidence interval; GHS/QOL, global health status/quality of life; LS, least squares;
MMRM, mixed-model repeated measures; QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life-Core 30;
QLQ-LC13, European Organization for Research and Treatment of Cancer Quality of Life-Lung Cancer Module.

reach statistical significance, likely because of the large variability
and small sample size in the chemotherapy group.

The MMRM results for the ITT population were generally
consistent with the PD-L1 >50% population: moderate to high levels
of functioning and low symptom burden at baseline (Figure S1) with
changes from baseline and generally small effect sizes that favored
cemiplimab for GHS/QOL, all functioning scales, and most symptoms
(Figures S2 and S3). Significant divergence from chemotherapy for
the LS mean change in GHS/QOL score was also observed at cycle 2
in the ITT population and was maintained to cycle 9, with numerically
higher scores at cycles 12 and 15 (Figure S4).

Results of the PMM sensitivity analysis in both the PD-L1 >50%
and ITT populations were consistent with the main analysis and
confirmed the MMRM results; differences in scores were direction-
ally similar and favored cemiplimab (Table S1).

Although the median time to definitive deterioration was not
reached for most scales, first quartiles of the time-to-event analysis
indicated that time to definitive deterioration may be longer or not
reached with cemiplimab relative to chemotherapy for GHS/QOL and
on all functioning scales (Figure 5). Furthermore, HRs <1 showed that

cemiplimab-treated patients had a significantly lower risk of defini-
tive deterioration versus chemotherapy on all QLQ-C30 functioning
scales, with HRs that ranged from 0.62 (95% Cl, 0.42-0.93) for role
functioning to 0.48 (95% Cl, 0.32-0.71) for social functioning (all two-
sided nominal p < .05). For GHS/QOL, the HR of 0.70 (95% ClI, 0.48-
1.04; two-sided nominal p = .0725) also indicated a lower risk of
definitive deterioration with cemiplimab relative to chemotherapy
that trended toward significance.

The first quartiles generally supported longer time to definitive
deterioration with cemiplimab on most symptoms (Figure 5). The HRs
also indicated that cemiplimab-treated patients had a significantly
lower risk for definitive deterioration versus chemotherapy for key
disease-related symptoms of dyspnea, cough, pain in chest, pain in
other body parts, and fatigue, as well as treatment-related symptoms
of peripheral neuropathy, alopecia, nausea/vomiting, appetite loss,
constipation, and diarrhea (all two-sided nominal p < .05) (Figure 5).
Alopecia showed the greatest reduction in risk (HR, 0.13; 95% Cl,
0.08-0.23), followed by nausea/vomiting (HR, 0.26; 95% CI, 0.15-
0.43) and peripheral neuropathy (HR, 0.34; 95% ClI, 0.22-0.52) (all
two-sided nominal p < .0001).
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FIGURE 4 MMRM estimated change from baseline in QLQ-C30 GHS/QOL at each cycle. Statistical significance indicated using two-sided
nominal p values. Cl indicates confidence interval; GHS/QOL, global health status/quality of life; LS, least squares; MMRM, mixed-model
repeated measures; QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life-Core 30.

Similar trends were observed in the ITT population with regard
to first quartiles, indicative of longer time to definitive deterioration
with cemiplimab than chemotherapy (Figure S5). The risk for defini-
tive deterioration in the ITT population was also reduced with
cemiplimab compared with chemotherapy (Figure S5) with magnitude
of effects that were generally consistent with those observed in the
PD-L1 >50% population.

DISCUSSION

Lung cancer has had a generally poor prognosis, but changes in the
treatment landscape of NSCLC with the recent introduction of
immunotherapy have improved survival outcomes in these patients.
Consequently, preserving if not improving function and HRQOL has
become of increasing importance to patients. Consistent with regu-
latory agency guidance on incorporating PROs in clinical trials to
understand treatment effects and the benefit/risk profile of cancer
therapies from the patient's perspective, symptom burden, func-
tioning, and HRQOL were assessed in the EMPOWER-Lung 1 phase 3
trial 1718

Patients with advanced NSCLC and PD-L1 >50% reported
baseline scores on the QLQ-C30 and QLQ-LC13 that were similar to
European Organization for Research and Treatment of Cancer
reference values for NSCLC and overall cancer patients,26 and
generally reflect moderate to high levels of functioning and low
symptom burden. While chemotherapy appeared to maintain GHS/
QOL despite significant worsening from baseline in cognitive and
social functioning, cemiplimab significantly improved GHS/QOL,
functioning, and many key symptoms of importance to patients®>™”
versus chemotherapy over the first year of treatment, and also
delayed time to definitive deterioration of these outcomes and
reduced the risk of such deterioration. These trends are generally
consistent with what has been reported with pembrolizumab,?” and
somewhat better than the results for atezolizumab versus

chemotherapy as first-line treatment for advanced NSCLC,%®
although differences in methodology preclude direct comparison.

The similar results in both the target PD-L1 >50% and the ITT
populations suggest that inclusion of patients whose tumors did not
have PD-L1 >50% did not appear to diminish the benefits that were
obtained with cemiplimab. These benefits were consistent with the
primary analysis of significant improvements in survival obtained
with cemiplimab in both the PD-L1 >50% and ITT populations,** and
complement those results by demonstrating maintenance of out-
comes of importance to patients. Limited data from previous studies
indicated that changes in QLQ-C30 GHS/QOL or functioning scales
may be associated with or predictive of survival in patients with
advanced NSCLC,?72%%0 suggesting further exploration of the rela-
tionship between survival and the treatment effects of cemiplimab on
PROs is warranted.

Cemiplimab resulted in significantly greater benefits than
chemotherapy on most symptoms measured across the QLQ-C30
and QLQ-LC13 scales, although effect sizes were generally small.
The disease-related symptom of fatigue, which patients with NSCLC
report as being one of the most impactful on function and
HRQOL,*>83! was significantly improved with cemiplimab. Addi-
tionally, peripheral neuropathy and alopecia, which are key
treatment-related symptoms associated with chemotherapy, were
the symptoms that displayed the largest effect sizes. Cemiplimab was
also associated with a significant reduction in risk for definitive
deterioration in dyspnea (on both the QLQ-C30 and QLQ-LC13),
cough, and chest pain. These symptoms were evaluated in other
trials, sometimes as a composite end point.?”

Treatment with cemiplimab also resulted in significant im-
provements compared with chemotherapy for GHS/QOL and all
functioning scales. Improvement in GHS/QOL with cemiplimab
versus chemotherapy was observed at the earliest evaluated time
point (cycle 2) and was generally maintained at each subsequent
assessment. These improvements in functioning and GHS/QOL likely
resulted, at least in part, from the benefits conveyed by cemiplimab
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FIGURE 5 Definitive deterioration over the study duration as indicated by time to event (first quartiles) and likelihood of event (hazard
ratios). Definitive deterioration was defined as clinically meaningful worsening (i.e., >10-point change) from baseline that was sustained at all
subsequent time points or followed by patient withdrawal after worsening. Statistical significance indicated using two-sided nominal p values.
Cl indicates confidence interval; GHS/QOL, global health status/quality of life; LS, least squares; NC, not calculated; NR, not reached; QLQ-
C30, European Organization for Research and Treatment of Cancer Quality of Life-Core 30; QLQ-LC13, European Organization for Research

and Treatment of Cancer Quality of Life-Lung Cancer Module.

on symptom burden. Global issues reflecting the impact of symptoms,
such as effects on HRQOL and maintaining activities, are ranked as
having higher importance by patients than the symptoms them-
selves.® Other studies also noted the substantial impairment of
HRQOL and daily function resulting from the symptom burden.>~”
The greatest functional effects observed with cemiplimab were on
social and physical functioning, both of which are especially relevant
to daily activities. The benefits of cemiplimab were also supported by
the delay in definitive deterioration on all QLQ-C30 functioning
scales relative to chemotherapy as well as a lower risk of such
deterioration.

Although the overall within-arm changes from baseline did not

reach the threshold of >10 points2® frequently used to indicate a

clinically meaningful change, other thresholds as low as 4 points have
been explored.?? However, these thresholds may differ across indi-
vidual scales and are relative to the anchors used for defining the
threshold.?? This lack of standardization suggests additional research
is needed to define and validate the changes in QLQ-C30 and QLQ-
LC13 scores that can be considered clinically meaningful from the
patient's perspective.

A clinically relevant strength of this study is that it included
patients with adequately treated, clinically stable brain metastases.
Inclusion of these patients, who have been underrepresented in
NSCLC clinical trials,*>? is more reflective of a real-world setting
and was on the basis of resolution of neurological symptoms

following brain metastasis therapy that did not require
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demonstration of radiologic stability.!* However, a limitation of this
study is that, because of more specific inclusion and exclusion
criteria, clinical trial participants tend not to be representative of
“real-world” clinical settings. Other study limitations include the
open-label study design, although reports suggest the magnitude of
bias resulting from such a study design is low.>2"3* Low bias is
further supported in the current study by the similar baseline scores
in the randomized treatment groups and by the similarly high
completion rates of the measures in the two treatment arms, in
contrast to studies that suggested lower completion rates in
experimental treatment arms.®>3¢ An additional limitation is that
because the PROs were secondary end points, the study was not
powered to support these analyses, which were not controlled for
multiplicity. Finally, the high crossover of patients from chemo-
therapy to cemiplimab (74%), which was allowed in the presence of
disease progression,'* may represent a confounding factor.

In conclusion, patients with advanced NSCLC and PD-L1
expression >50% receiving cemiplimab reported significant benefits
versus chemotherapy on GHS/QOL, functioning, and most symptoms
over the first year of treatment. Cemiplimab was also associated with
a longer time to (based on first quartiles) and significantly lower risk
for definitive deterioration across all functioning scales and most
symptoms relative to chemotherapy over the study period. These
results support the benefits of cemiplimab for first-line therapy of
advanced NSCLC from the patient's perspective and show that
improved survival is accompanied by improvements in GHS/QOL and
functioning, and a reduction in symptom burden, especially for key
disease-related symptoms and symptoms generally associated with

chemotherapy (e.g., alopecia, peripheral neuropathy).

AUTHOR CONTRIBUTIONS

Mahmut Gilimiis: Patient recruitment and data collection. Cristina
Ivanescu: Data analysis. Saadettin Kilickap: Patient recruitment and
data collection. Igor Bondarenko: Study conception and design, pa-
tient recruitment and data collection. Mustafa Ozgiiroglu: Patient
recruitment and data collection. Miranda Gogishvili: Patient
recruitment and data collection. Haci M. Turk: Patient recruitment
and data collection. Irfan Cicin: Patient recruitment and data
collection. Siyu Li: Data analysis. Giuseppe Gullo: Study conception
and design. Petra Rietschel: Study conception and design. Ahmet
Sezer: Patient recruitment and data collection. All authors had full
access to and verified the data, contributed to the data interpreta-
tion, and provided critical review, revision, and approval of the

manuscript.

ACKNOWLEDGMENTS

The authors thank the patients, their families, all other investigators,
and all investigational site members involved in this study. Medical
writing support under the direction of the authors was provided by E.
Jay Bienen, PhD, and funded by Regeneron Pharmaceuticals, Inc, and
Sanofi according to Good Publication Practice guidelines. Re-
sponsibility for all opinions, conclusions, and data interpretation lies

with the authors. The study was sponsored by Regeneron Pharma-

ceuticals, Inc, and Sanofi.

CONFLICT OF INTEREST

Mahmut GUmus reports consulting or advisory role at Amgen, Gen
llac, Lilly, Novartis, and Roche; speakers bureau at MSD Oncology,
Novartis, and Roche; travel, accommodations, and expenses from
Pfizer; honoraria to institution from MSD Oncology; and institutional
research funding from Amgen. Chieh-lI Chen, Vera Mastey, Siyu Li,
and Giuseppe Gullo report employment and stock interests at
Regeneron Pharmaceuticals. Cristina lvanescu reports employment
at IQVIA and institutional research funding from Regeneron Phar-
maceuticals. Saadettin Kilickap reports consulting or advisory roles at
MSD Oncology, Pfizer, Roche, and Takeda; and speakers bureau at
MSD Oncology, Pfizer, and Roche. Mustafa Ozgliroglu reports
consulting or advisory roles for AstraZeneca and MSD Oncology;
speakers bureau at AstraZeneca; travel, accommodations, and ex-
penses from AstraZeneca; and honoraria from Astellas Pharma,
Janssen Oncology, and Novartis. Irfan Cicin reports consulting or
advisory roles from AbbVie, Abdi lbrahim, Bristol-Myers Squibb,
Janssen Oncology, Lilly, MSD Oncology, Nobelpharma, Novartis/
Ispen, Pfizer, Roche, Servier, and Teva; and speakers bureau at Abdi
Ibrahim, Bristol-Myers Squibb, Novartis, Pfizer, and Roche. James
Harnett reports employment and stock interests at Regeneron
Pharmaceuticals, and stock interests at Pfizer. Ulrike Naumann re-
ports employment and consulting or advisory role at IQVIA. Matthew
Reaney reports employment at IQVIA. Gerasimos Konidaris reports
employment at Sanofi. Medha Sasane reports employment, leader-
ship, and stock interests at Sanofi. Keri J. S. Brady reports employ-
ment at Sanofi, and an immediate family member with employment
and stock interests at CVS Health. Petra Rietschel reports employ-
ment, stock interests, and patents, royalties, other intellectual
property at Regeneron Pharmaceuticals. Ahmet Sezer reports
speakers bureau at Roche, Pfizer, Amgen, and Bristol-Myers Squibb;
travel, accommodations, and expenses at Amgen, Bristol-Myers
Squibb, and Roche; institutional honoraria from Pfizer and Roche;
and institutional research funding from Regeneron Pharmaceuticals,
MSD Oncology, Pfizer, Novartis, and Merck Serono. The other au-
thors report no conflicts of interest.

ORCID

Mahmut Giimiis = https://orcid.org/0000-0003-3550-9993

REFERENCES

1. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA
Cancer J Clin. 2022;72(1):7-33. doi:10.3322/caac.21708

2. American Cancer Society. About lung cancer. https://www.cancer.
org/cancer/lung-cancer/about/what-is.html. Accessed May 18,
2021.

3. Ernani V, Ganti AK. Immunotherapy in treatment naive advanced
non-small cell lung cancer. J Thorac Dis. 2018;10(suppl 3):5412-5421.
doi:10.21037/jtd.2017.12.94

4. lyer S, Taylor-Stokes G, Roughley A. Symptom burden and quality of
life in advanced non-small cell lung cancer patients in France and

85U8017 SUOWILLIOD @A 118D 3|qeol [dde 8Ly Aq peueob ae sapoie YO ‘8sh JO Sa|n 1o} AIqiT8UIUO AB]IM UO (SUONIPUOD-PUR-SWBIAL0D" AB| 1M Ae.ql1|Bul [UO//:SdNL) SUORIPUOD PUe SWwia | 8u188S *[£202/60/6T] Uo AriqiTauliuo AB|im ‘AisieAlun 1wexsed Aq 2/ 11e" 10ud/200T 0T/10p/Loo" A3 1M Aleiq Ul |uo's feuino de//:sdny ol pepeojumod ‘T ‘€202 ‘2T0L60T


https://orcid.org/0000-0003-3550-9993
https://orcid.org/0000-0003-3550-9993
https://doi.org/10.3322/caac.21708
https://www.cancer.org/cancer/lung-cancer/about/what-is.html
https://www.cancer.org/cancer/lung-cancer/about/what-is.html
https://doi.org/10.21037/jtd.2017.12.94
https://orcid.org/0000-0003-3550-9993

128

CEMIPLIMAB PATIENT-REPORTED OUTCOMES

10.

11.

12.

13.

14.

15.

16.

17.

Germany. Lung Cancer. 2013;81(2):288-293. doi:10.1016/j.lungcan.
2013.03.008

lyer S, Roughley A, Rider A, Taylor-Stokes G. The symptom burden
of non-small cell lung cancer in the USA: a real-world cross-sectional
study. Support Care Cancer. 2014;22(1):181-187. doi:10.1007/
s00520-013-1959-4

LeBlanc TW, Nickolich M, Rushing CN, Samsa GP, Locke SC,
Abernethy AP. What bothers lung cancer patients the most? a
prospective, longitudinal electronic patient-reported outcomes
study in advanced non-small cell lung cancer. Support Care Can-
cer. 2015;23(12):3455-3463. doi:10.1007/s00520-015-2699-4
Whisenant MS, Williams LA, Garcia Gonzalez A, et al. What do
patients with non-small-cell lung cancer experience? Content
domain for the MD Anderson Symptom Inventory for Lung Cancer.
JCO Oncol Pract. 2020;16(10):e1151-e1160. doi:10.1200/jop.19.
00577

Gralla RJ, Hollen PJ, Msaouel P, Davis BV, Petersen J. An evidence-
based determination of issues affecting quality of life and patient-
reported outcomes in lung cancer: results of a survey of 660 pa-
tients. J Thorac Oncol. 2014;9(9):1243-1248. doi:10.1097/jto.
0000000000000244

Chouaid C, Agulnik J, Goker E, et al. Health-related quality of life
and utility in patients with advanced non-small-cell lung cancer: a
prospective cross-sectional patient survey in a real-world setting. J
Thorac Oncol. 2013;8(8):997-1003. doi:10.1097/jto.0b013e31829
9243b

Walling AM, Weeks JC, Kahn KL, et al. Symptom prevalence in
lung and colorectal cancer patients. J Pain Symptom Manage.
2015;49(2):192-202. doi:10.1016/j.jpainsymman.2014.06.003

Reck M, Rodriguez-Abreu D, Robinson AG, et al. Pembrolizumab
versus chemotherapy for PD-L1-positive non-small-cell lung can-
cer. N Engl J Med. 2016;375(19):1823-1833. doi:10.1056/
nejmoalé06774

Mok TSK, Wu YL, Kowalski DM, 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(10183):1819-1830. doi:10.1016/50140-6736(18)
32409-7

Herbst RS, Giaccone G, de Marinis F, et al. Atezolizumab for first-line
treatment of PD-L1-selected patients with NSCLC. N Engl J Med.
2020;383(14):1328-1339. doi:10.1056/nejmoal917346

Sezer A, Kilickap S, Gumus M, et al. Cemiplimab monotherapy for
first-line treatment of advanced non-small-cell lung cancer with PD-
L1 of at least 50%: a multicentre, open-label, global, phase 3, rand-
omised, controlled trial. Lancet. 2021;397(10274):592-604. doi:10.
1016/s0140-6736(21)00228-2

Regeneron Pharmaceuticals, Inc., Sanofi-Aventis US LLC. LIBTAYO®
(cemiplimab-RWLC) injection, for intravenous use [prescribing in-
formation]. Accessed December 3, 2021. https://www.regeneron.
com/downloads/libtayo_fpi.pdf

Kluetz PG, Slagle A, Papadopoulos EJ, et al. Focusing on core
patient-reported outcomes in cancer clinical trials: symptomatic
adverse events, physical function, and disease-related symptoms.
Clin Cancer Res. 2016;22(7):1553-1558. doi:10.1158/1078-0432.ccr-
15-2035

European Medicines Agency. Appendix 2 to the guideline on
the evaluation of anticancer medicinal products in man. The use of
patient-reported outcome (PRO) measures in oncology studies. Accessed
December 3, 2021. https://www.ema.europa.eu/en/documents/
other/appendix-2-guideline-evaluation-anticancer-medicinal-products-
man_en.pdf

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

US Food and Drug Administration. Core patient-reported out-
comes in cancer clinical trials. Guidance for industry. Draft guidance.
Accessed December 3, 2021. https://www.fda.gov/media/149994/
download

Aaronson NK, Ahmedzai S, Bergman B, et al. The European Or-
ganization for Research and Treatment of Cancer QLQ-C30: a
quality-of-life instrument for use in international clinical trials in
oncology. J Natl Cancer Inst. 1993;85(5):365-376. doi:10.1093/jnci/
85.5.365

Bergman B, Aaronson NK, Ahmedzai S, Kaasa S, Sullivan M.
The EORTC QLQ-LC13: a modular supplement to the EORTC
Core Quality of Life Questionnaire (QLQ-C30) for use in lung
cancer clinical trials. EORTC Study Group on Quality of Life.
Eur J Cancer. 1994;30A(5):635-642. doi:10.1016/0959-8049(94)
90535-5

Osoba D, Rodrigues G, Myles J, Zee B, Pater J. Interpreting the
significance of changes in health-related quality-of-life scores. J
Clin Oncol. 1998;16(1):139-144. doi:10.1200/jc0.1998.16.1.139
Maringwa JT, Quinten C, King M, et al. Minimal important differ-
ences for interpreting health-related quality of life scores from the
EORTC QLQ-C30 in lung cancer patients participating in random-
ized controlled trials. Support Care Cancer. 2011;19(11):1753-1760.
doi:10.1007/s00520-010-1016-5

Hedges LV. Distribution theory for Glass's estimator of effect size
and related estimators. J Educat Stat. 1981;6(2):107-128. doi:10.
2307/1164588

O'Kelly M, Ratitch B. Clinical trials with missing data: a guide for
practitioners. John Wiley & Sons, Ltd; 2014.

Anota A, Hamidou Z, Paget-Bailly S, et al. Time to health-related
quality of life score deterioration as a modality of longitudinal
analysis for health-related quality of life studies in oncology: do we
need RECIST for quality of life to achieve standardization? Qual Life
Res. 2015;24(1):5-18. doi:10.1007/s11136-013-0583-6

Scott NW, Fayers PM, Aaronson NK, et al. EORTC QLQ-C30 reference
values. 2nd ed. EORTC Quality of Life Group; 2008.

Brahmer JR, Rodriguez-Abreu D, Robinson AG, et al. Health-
related quality-of-life results for pembrolizumab versus chemo-
therapy in advanced, PD-L1-positive NSCLC (KEYNOTE-024): a
multicentre, international, randomised, open-label phase 3 trial.
Lancet Oncol. 2017;18(12):1600-1609. doi:10.1016/s1470-2045
(17)30690-3

De Marinis F, Giaccone G, Herbst RS, et al. Patient-reported out-
comes in the randomized, phase Ill IMpower110 study of atezoli-
zumab vs chemotherapy in 1L metastatic NSCLC [abstract]. J Clin
Oncol. 2020;38(Suppl 1):9594. doi:10.1200/jco.2020.38.15_suppl.
9594

Gupta D, Braun DP, Staren ED. Association between changes in
quality of life scores and survival in non-small cell lung cancer pa-
tients. Eur J Cancer Care. 2012;21(5):614-622. doi:10.1111/j.1365-
2354.2012.01332.x

Ediebah DE, Coens C, Zikos E, et al. Does change in health-related
quality of life score predict survival? Analysis of EORTC 08975
lung cancer trial. Br J Cancer. 2014;110(10):2427-2433. doi:10.1038/
bjc.2014.208

Cooley ME, Short TH, Moriarty HJ. Symptom prevalence, distress,
and change over time in adults receiving treatment for lung
cancer. Psychooncology. 2003;12(7):694-708. doi:10.1002/pon.694
Atkinson TM, Wagner JS, Basch E. Trustworthiness of patient-
reported outcomes in unblinded cancer clinical trials. JAMA Oncol.
2017;3(6):738-739. doi:10.1001/jamaoncol.2016.3328

Mouillet G, Efficace F, Thiery-Vuillemin A, et al. Investigating the
impact of open label design on patient-reported outcome results in

85U8017 SUOWILLIOD @A 118D 3|qeol [dde 8Ly Aq peueob ae sapoie YO ‘8sh JO Sa|n 1o} AIqiT8UIUO AB]IM UO (SUONIPUOD-PUR-SWBIAL0D" AB| 1M Ae.ql1|Bul [UO//:SdNL) SUORIPUOD PUe SWwia | 8u188S *[£202/60/6T] Uo AriqiTauliuo AB|im ‘AisieAlun 1wexsed Aq 2/ 11e" 10ud/200T 0T/10p/Loo" A3 1M Aleiq Ul |uo's feuino de//:sdny ol pepeojumod ‘T ‘€202 ‘2T0L60T


https://doi.org/10.1016/j.lungcan.2013.03.008
https://doi.org/10.1016/j.lungcan.2013.03.008
https://doi.org/10.1007/s00520-013-1959-4
https://doi.org/10.1007/s00520-013-1959-4
https://doi.org/10.1007/s00520-015-2699-4
https://doi.org/10.1200/jop.19.00577
https://doi.org/10.1200/jop.19.00577
https://doi.org/10.1097/jto.0000000000000244
https://doi.org/10.1097/jto.0000000000000244
https://doi.org/10.1097/jto.0b013e318299243b
https://doi.org/10.1097/jto.0b013e318299243b
https://doi.org/10.1016/j.jpainsymman.2014.06.003
https://doi.org/10.1056/nejmoa1606774
https://doi.org/10.1056/nejmoa1606774
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1016/S0140-6736(18)32409-7
https://doi.org/10.1056/nejmoa1917346
https://doi.org/10.1016/s0140-6736(21)00228-2
https://doi.org/10.1016/s0140-6736(21)00228-2
https://www.regeneron.com/downloads/libtayo_fpi.pdf
https://www.regeneron.com/downloads/libtayo_fpi.pdf
https://doi.org/10.1158/1078-0432.ccr-15-2035
https://doi.org/10.1158/1078-0432.ccr-15-2035
https://www.ema.europa.eu/en/documents/other/appendix-2-guideline-evaluation-anticancer-medicinal-products-man_en.pdf
https://www.ema.europa.eu/en/documents/other/appendix-2-guideline-evaluation-anticancer-medicinal-products-man_en.pdf
https://www.ema.europa.eu/en/documents/other/appendix-2-guideline-evaluation-anticancer-medicinal-products-man_en.pdf
https://www.fda.gov/media/149994/download
https://www.fda.gov/media/149994/download
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1016/0959-8049(94)90535-5
https://doi.org/10.1200/jco.1998.16.1.139
https://doi.org/10.1007/s00520-010-1016-5
https://doi.org/10.2307/1164588
https://doi.org/10.2307/1164588
https://doi.org/10.1007/s11136-013-0583-6
https://doi.org/10.1016/s1470-2045(17)30690-3
https://doi.org/10.1016/s1470-2045(17)30690-3
https://doi.org/10.1200/jco.2020.38.15_suppl.9594
https://doi.org/10.1200/jco.2020.38.15_suppl.9594
https://doi.org/10.1111/j.1365-2354.2012.01332.x
https://doi.org/10.1111/j.1365-2354.2012.01332.x
https://doi.org/10.1038/bjc.2014.208
https://doi.org/10.1038/bjc.2014.208
https://doi.org/10.1002/pon.694
https://doi.org/10.1001/jamaoncol.2016.3328

GUMUS ET AL

129

34.

35.

36.

prostate cancer randomized controlled trials. Cancer Med. 2020;
9(20):7363-7374. doi:10.1002/cam4.3335

Lord-Bessen J, Signorivitch J, Yang M, Dieye |, Roydhouse J.
Assessing the impact of open-label designs on patient-reported
outcomes: a cross-trial investigation in metastatic melanoma
[abstract]. Qual Life Res. 2021;30(Suppl 1):5106.

Roydhouse JK, Fiero MH, Kluetz PG. Investigating potential bias in
patient-reported outcomes in open-label cancer trials. JAMA Oncol.
2019;5(4):457-458. doi:10.1001/jamaoncol.2018.6205

Roydhouse JK, King-Kallimanis BL, Howie LJ, Singh H, Kluetz PG.
Blinding and patient-reported outcome completion rates in US
Food and Drug Administration cancer trial submissions, 2007-
2017. J Natl Cancer Inst. 2019;111(5):459-464. doi:10.1093/jnci/
djy181

SUPPORTING INFORMATION
Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Gimis M, Chen C-I, Ivanescu C, et al.
Patient-reported outcomes with cemiplimab monotherapy for
first-line treatment of advanced non-small cell lung cancer
with PD-L1 of >50%: the EMPOWER-Lung 1 study. Cancer.
2023;129(1):118-129. doi:10.1002/cncr.34477

85U8017 SUOWILLIOD @A 118D 3|qeol [dde 8Ly Aq peueob ae sapoie YO ‘8sh JO Sa|n 1o} AIqiT8UIUO AB]IM UO (SUONIPUOD-PUR-SWBIAL0D" AB| 1M Ae.ql1|Bul [UO//:SdNL) SUORIPUOD PUe SWwia | 8u188S *[£202/60/6T] Uo AriqiTauliuo AB|im ‘AisieAlun 1wexsed Aq 2/ 11e" 10ud/200T 0T/10p/Loo" A3 1M Aleiq Ul |uo's feuino de//:sdny ol pepeojumod ‘T ‘€202 ‘2T0L60T


https://doi.org/10.1002/cam4.3335
https://doi.org/10.1001/jamaoncol.2018.6205
https://doi.org/10.1093/jnci/djy181
https://doi.org/10.1093/jnci/djy181
https://doi.org/10.1002/cncr.34477

	Patient‐reported outcomes with cemiplimab monotherapy for first‐line treatment of advanced non–small cell lung cancer with  ...
	INTRODUCTION
	METHODS
	Study design and population
	Treatment
	Outcomes
	Statistical analysis

	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST


