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ABSTRACT

Keywords: Objectives: Most lung cancer diagnoses occur in elderly patients, who are underrepresented in clinical trials. We
Elderly present a pooled analysis of safety and efficacy in elderly patients (=75 years) who received pembrolizumab (a
Pembrolizumab programmed death 1 inhibitor) for advanced non-small-cell lung cancer (NSCLC) with programmed death ligand
Non-small-cell lung cancer 1 (PD-L1)—positive tumors.

s:zi:gt::i:}zs Methods: The pooled analysis included patients aged =18 years with advanced NSCLC with PD-L1-positive
Phase 3 tumors from the KEYNOTE-010 (NCT01905657), KEYNOTE-024 (NCT02142738), and KEYNOTE-042

(NCT02220894) studies. In KEYNOTE-010, patients were randomized to pembrolizumab 2 or 10 mg/kg every
3 weeks (Q3W) or docetaxel, as second- or later-line therapy. In KEYNOTE-024 and KEYNOTE-042, patients
were randomized to first-line pembrolizumab 200 mg Q3W or platinum-based chemotherapy. Overall survival
(0S) was estimated by the Kaplan-Meier method, and safety data were summarized in elderly patients (=75
years).

Results: The analysis included 264 elderly patients with PD-L1-positive tumors (PD-L1 tumor proportion score
[TPS] =1%); among these, 132 had PD-L1 TPS = 50%. Pembrolizumab improved OS among elderly patients
with PD-L1 TPS = 1% (hazard ratio [HR], 0.76 [95% CI, 0.56-1.02]) and PD-L1 TPS = 50% (HR, 0.40 [95% CI,
0.25-0.64]). Pembrolizumab as first-line therapy also improved OS among elderly patients with PD-L1
TPS = 50% (from KEYNOTE-024 and KEYNOTE-042) compared with chemotherapy (HR, 0.41 [95% CI,
0.23-0.73]). Pembrolizumab was associated with fewer treatment-related adverse events (AEs) in elderly

Abbreviations: AE, adverse event; ECOG PS, Eastern Cooperative Oncology Group performance score; ESMO, European Society for Medical Oncology; HR, hazard
ratio; JLCS, Japan Lung Cancer Society; NSCLC, non-small-cell lung cancer; OS, overall survival; PD-1, programmed death 1; PD-L1, programmed death ligand 1;

Q3W, every 3 weeks; TPS, tumor proportion score
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patients (overall, 68.5% vs 94.3%; grade =3, 24.2% vs 61.0%) versus chemotherapy. Inmune-mediated AEs and
infusion reactions were more common with pembrolizumab versus chemotherapy (overall, 24.8% vs 6.7%; grade
3-4: 9.4% vs 0%; no grade 5 events).

Conclusions: In this pooled analysis of elderly patients with advanced NSCLC with PD-L1-positive tumors,
pembrolizumab improved OS versus chemotherapy, with a more favorable safety profile. Outcomes with
pembrolizumab in patients =75 years were comparable to those in the overall populations in the individual

studies.

1. Introduction

Lung cancer is the most common cancer worldwide and is re-
sponsible for more deaths than any other type of cancer [1]. More than
half of lung cancer cases affect patients =65 years of age, and older
patients have higher mortality compared with younger patients [2-4].
The high incidence of lung cancer among the elderly is reflective of the
global rise in the aging population along with an age-associated in-
crease in cancer incidence [1]. Despite this high incidence of lung
cancer among the elderly, these patients are underrepresented in clin-
ical trials for lung cancer drugs, with patients =75 years of age de-
monstrating the greatest disparity between cancer diagnosis (approxi-
mately 30% [in United States]) and clinical trial representation
(approximately 10% [in United States]) [5-7]. While age itself is not an
exclusion criterion, enrollment of elderly patients in clinical lung
cancer trials may be limited because of their potentially reduced ability
to withstand treatment, lower functional capacity (for example, in pa-
tients with Eastern Cooperative Oncology Group performance score
[ECOG PS] =2 [8]), preexisting comorbidities, ongoing treatments that
may be contraindicated, and potential differences in drug metabolism
[9]. Additionally, there is a general perception that age-associated de-
cline in the immune system, or immunosenescence, may alter the effi-
cacy of immune-based therapies in older patients [10-12]. Thus, the
limited enrollment of elderly patients in these trials and the lack of data
specifically in this patient population restrict the development of evi-
dence-based treatment recommendations in these patients.

Recently, immunotherapies have transformed the management of
patients with non-small-cell lung cancer (NSCLC), which are generally
associated with improved overall survival (OS), lower toxicity, and
better quality of life compared with chemotherapy [13-16]. Current
therapy recommendations for patients with advanced or metastatic
NSCLC with ECOG PS 0-1 include treatment options with immune
checkpoint inhibitors that target the programmed death 1 (PD-1) re-
ceptor or its ligands (PD-L1 and PD-L2), either as monotherapy or in
combination with chemotherapy, with the specific regimen being de-
termined by tumor histology, biomarker status, and other factors.
However, there are limited evidence-based recommendations for the
use of immunotherapies specifically in elderly patients (=75 years of
age) [13-17].

Pembrolizumab has shown efficacy as monotherapy in both patients
with previously treated and treatment-naive advanced NSCLC. In the
phase 2/3 randomized controlled KEYNOTE-010 study, patients with
previously treated NSCLC with PD-L1-positive (PD-L1 tumor propor-
tion score [TPS] =1%) tumors received pembrolizumab (2 mg/kg or
10 mg/kg) or docetaxel. OS was improved for all patients receiving
pembrolizumab compared with docetaxel (pembrolizumab 2 mg/kg vs
docetaxel: hazard ratio [HR], 0.71 [95% CI, 0.58-0.88], P = 0.0008;
pembrolizumab 10 mg/kg vs docetaxel: HR, 0.61 [95% CI, 0.49-0.75],
P < 0.0001). The OS benefit of pembrolizumab was also demonstrated
among patients with PD-L1 TPS =50% (pembrolizumab 2 mg/kg vs
docetaxel: HR, 0.54 [95% CI, 0.38-0.77], P = 0.0002; pembrolizumab
10 mg/kg vs docetaxel: HR, 0.50 [95% CI, 0.36-0.70], P < 0.0001)
[18]. Pembrolizumab monotherapy as a first-line treatment option for
patients with advanced NSCLC was established by the phase 3 KEY-
NOTE-024 study, which enrolled patients with previously untreated
NSCLC with PD-L1 TPS = 50% and without EGFR/ALK alterations [19].
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OS was improved in patients who received pembrolizumab mono-
therapy compared with platinum-based chemotherapy (HR, 0.60 [95%
CI, 0.41-0.89], P = 0.005). Pembrolizumab as first-line therapy for
advanced NSCLC was further assessed in the phase 3 KEYNOTE-042
study, which was largely similar in design to KEYNOTE-024 but en-
rolled patients with PD-L1 TPS =1% [20]. Pembrolizumab improved
OS in each of the prespecified PD-L1 TPS groups, =50%, =20%, and
=1%, compared with platinum-based chemotherapy (HR [95% CI] by
PD-L1 TPS cutoff: =50%, 0.69 [0.56-0.85], P = 0.0003; =20%, 0.77
[0.64-0.92], P = 0.0020; =1%, 0.81 [0.71-0.93], P = 0.0018). In all
3 studies (KEYNOTE-010, KEYNOTE-024, and KEYNOTE-042), pem-
brolizumab monotherapy was associated with fewer treatment-related
adverse events (AEs) compared with those who received chemotherapy
(range, 63%-73% vs 81%-90%).

Here, we present a pooled analysis on the efficacy and safety of
pembrolizumab monotherapy compared with chemotherapy in patients
=75 years of age using data from the KEYNOTE-010, KEYNOTE-024,
and KEYNOTE-042 studies.

2. Methods

To evaluate the efficacy and safety of pembrolizumab monotherapy
in elderly patients (=75 years), eligible patients were pooled from 3
large, open-label, randomized controlled trials (KEYNOTE-010,
KEYNOTE-024, and KEYNOTE-042), all of which enrolled patients
=18 years of age with advanced, PD-L1-positive NSCLC. Eligible pa-
tients in all studies also had ECOG PS 0-1 and were without the fol-
lowing: unstable or untreated brain metastases or carcinomatous me-
ningitis, active autoimmune disease requiring systemic steroids,
interstitial lung disease, or history of pneumonitis requiring systemic
steroids. Only KEYNOTE-010 allowed enrollment of patients with sen-
sitizing EGFR mutations or ALK translocations whose disease pro-
gressed following treatment with a US FDA-approved tyrosine kinase
inhibitor. In KEYNOTE-010, patients with previously treated advanced
NSCLC with PD-L1 TPS = 1% were randomized to receive pem-
brolizumab 2 mg/kg or 10 mg/kg every 3 weeks (Q3W) or docetaxel
75 mg/m2 Q3W [18]. In KEYNOTE-024, patients with treatment-naive
advanced NSCLC with PD-L1 TPS = 50% were randomized to receive
pembrolizumab 200 mg Q3W or investigator’s choice of 1 of 5 pla-
tinum-chemotherapy regimens (carboplatin-pemetrexed, cisplatin-pe-
metrexed, carboplatin-gemcitabine, cisplatin-gemcitabine, or carbo-
platin-paclitaxel) [19]. In KEYNOTE-042, patients with treatment-naive
locally advanced or metastatic NSCLC with PD-L1 TPS = 1% were
randomized to receive pembrolizumab 200 mg Q3W or investigator’s
choice of platinum-chemotherapy (carboplatin-paclitaxel or carbo-
platin-pemetrexed) [20]. In all 3 studies, treatment continued until 35
administrations of pembrolizumab, documented disease progression,
intercurrent illness preventing administration, unacceptable toxicity, or
study withdrawal. OS was a primary endpoint in KEYNOTE-010 and
KEYNOTE-042 and was a secondary endpoint in KEYNOTE-024. Safety
was a secondary endpoint in all 3 studies. AEs were graded per the
National Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0. Serious AEs included any event that resulted in
death, was life-threatening, or resulted in significant disability/in-
capacity, prolonged inpatient hospitalization, or another important
medical event (including a new cancer or an overdose). For each study,
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PD-L1 expression was assessed using the PD-L1 IHC 22C3 pharmDx
assay (Agilent Technologies, Carpinteria, CA, USA) in formalin-fixed
samples from a nonirradiated tumor, obtained at or after diagnosis of
advanced or metastatic disease [18-20].

Data on patient demographics, efficacy, and safety were pooled by
the following 2 age groups: =75 years or < 75 years. For the assess-
ment of OS, HR was estimated using the Cox regression model with
treatment as a covariate, and the Kaplan-Meier method was used to
estimate the OS curves in a combined analysis for all 3 trials, and ad-
ditionally in patients with PD-L1 TPS = 50%. OS was also estimated for
patients with PD-L1 TPS = 50% who received pembrolizumab as first-
line therapy in KEYNOTE-024 and KEYNOTE-042. Safety was assessed
in a combined analysis of patients from all 3 trials who received =1
dose of the study drug; safety data were summarized for the pooled
analysis. The data cutoff date was March 24, 2017 for KEYNOTE-010;
May 9, 2016 for KEYNOTE-024; and February 26, 2018 for KEYNOTE-
042.

3. Results
3.1. Patients
This pooled analysis included 264 elderly patients (=75 years of age)

with advanced NSCLC and PD-L1 TPS = 1% from the intention-to-treat
populations of KEYNOTE-010 (n = 90), KEYNOTE-024 (n = 45), and
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(Table 1). Half of the patients in the elderly subgroup (50.0% [132/264])
had PD-L1 TPS = 50%. The median age among elderly patients was 77.0
(range, 75-90) years, 173 (65.5%) were male, and 195 (73.9%) had
ECOG PS of 1. The majority (65.2% [172/264]) had nonsquamous his-
tology and 15 (5.7%) had stable brain metastases at baseline.

As of data cutoff, the median follow-up time was 11.7 (range,
0.3-36.0) months in the elderly population, and was 12.9 (range,
0.1-38.3) months in younger patients. Among elderly patients, median
(range) treatment duration was 5.6 (0.03-34.8) months for pem-
brolizumab, and 3.5 (0.03-29.5) months for chemotherapy. Among
younger patients, median (range) treatment duration was 4.3
(0.03-37.5) months for pembrolizumab and 3.5 (0.03-37.0) months for
chemotherapy. Among 775 previously untreated patients whose disease
progressed, 46.2% (18/39) of elderly patients in each treatment arm,
and 60.9% (227/373) of younger patients in the pembrolizumab arm
versus 54.6% (177/324) in the chemotherapy arm received subsequent
therapy.

3.2. Efficacy assessments

In the pooled analysis of elderly patients with treatment-naive and
previously treated NSCLC from all 3 studies, pembrolizumab improved
OS for patients with PD-L1 TPS = 1% (median OS [95% CI], months:
pembrolizumab 15.7 [10.7-20.2], chemotherapy 11.7 [8.4-15.8]; HR,
0.76 [95% CI, 0.56-1.02]; Fig. 1A) and PD-L1 TPS = 50% (median OS

KEYNOTE-042 (n = 129), and 2348 patients of <75 years of age [95% CI], months: pembrolizumab 23.1 [11.9-not reached],
Table 1
Patient Demographics and Baseline Clinical Characteristics.
Patients =75 Years of Age Patients < 75 Years of Age
All Pembrolizumab Chemotherapy All Pembrolizumab Chemotherapy
n = 264 n = 149 n =115 n = 2348 n = 1332 n = 1016
Age, years, median (range) 77.0 (75-90) 77.0 (75-90) 77.0 (75-90) 62.0 (20-74) 62.0 (20-74) 62.0 (31-74)
Sex
Male 173 (65.5) 100 (67.1) 73 (63.5) 1550 (66.0) 867 (65.1) 683 (67.2)
Female 91 (34.5) 49 (32.9) 42 (36.5) 798 (34.0) 465 (34.9) 333 (32.8)
Race
White 173 (65.5) 102 (68.5) 71 (61.7) 1635 (69.6) 917 (68.8) 718 (70.7)
Asian 61 (23.1) 30 (20.1) 31 (27.0) 578 (24.6) 329 (24.7) 249 (24.5)
Black or African American 12 (4.5) 7 “4.7) 5 4.3) 43 (1.8) 26 (2.0) 17 a1.7)
Other 14 (5.3) 7 4.7) 7 (6.1) 65 (2.8) 43 3.2) 22 2.2)
Missing 4 (1.5) 3 (2.0) 1 (0.9) 27 (1.1) 17 (1.3) 10 (1.0)
PD-L1 TPS
=21% 264 (100.0) 149 (100.0) 115 (100.0) 2348 (100.0) 1332 (100.0) 1016 (100.0)
=50% 132 (50.0) 77 (51.7) 55 (47.8) 1214 (51.7) 666 (50.0) 548 (53.9)
ECOG performance score
0 69 (26.1) 39 (26.2) 30 (26.1) 775 (33.0) 444 (33.3) 331 (32.6)
1 195 (73.9) 110 (73.8) 85 (73.9) 1565 (66.7) 883 (66.3) 682 (67.1)
Other 0 0 0 8 (0.3) 5 0.4) 3 (0.3)
Histology
Squamous 83 (31.4) 55 (36.9) 28 (24.3) 687 (29.3) 373 (28.0) 314 (30.9)
Nonsquamous 172 (65.2) 91 (61.1) 81 (70.4) 1585 (67.5) 914 (68.6) 671 (66.0)
Other 9 (3.4) 3 (2.0) 6 (5.2) 76 (3.2) 45 3.9 31 3.1)
Smoking status
Current 90 (34.1) 59 (39.6) 31 (27.0) 1080 (46.0) 665 (49.9) 415 (40.8)
Former 114 (43.2) 59 (39.6) 55 (47.8) 823 (35.1) 426 (32.0) 397 (39.1)
Never 59 (22.3) 31 (20.8) 28 (24.3) 437 (18.6) 239 (17.9) 198 (19.5)
Missing 1 0.4) 0 1 (0.9) 8 (0.3) 2 (0.2) 6 (0.6)
Brain metastasis at baseline 15 (5.7) 8 5.4) 7 (6.1) 235 (10.0) 149 (11.2) 86 (8.5)
Prior lines of therapy for advanced disease
0 173 (65.5) 87 (58.4) 86 (74.8) 1403 (59.8) 702 (52.7) 701 (69.0)
1 69 (26.1) 47 (31.5) 22 (19.1) 665 (28.3) 447 (33.6) 218 (21.5)
2 19 (7.2) 13 (8.7) 6 (5.2) 193 8.2) 124 9.3) 69 (6.8)
=3 3 (1.1) 2 (1.3) 1 (0.9) 87 (3.7) 59 4.4) 28 (2.8)
Prior adjuvant therapy 7 (2.7) 6 (4.0) 1 (0.9) 96 (4.1) 64 (4.8) 32 (3.1)
Prior neoadjuvant therapy 3 1.1 3 (2.0) 0 26 (1.1) 14 (1.1) 12 (1.2)
Prior radiation therapy 45 (17.0) 36 (24.2) 9 (7.8) 576 (24.5) 344 (25.8) 232 (22.8)

Values are n (%) unless otherwise noted.
ECOG, Eastern Cooperative Oncology Group; TPS, tumor proportion score.
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Fig. 1. Overall survival following treatment with pembrolizumab or chemotherapy by patient age (=75 years or < 75 years) in the KEYNOTE-010, KEYNOTE-024,
and KEYNOTE-042 pooled analysis of patients with PD-L1 TPS = 1% (A) or PD-L1 TPS = 50% (B), and in an analysis of patients from each individual study (C).
Patients in the intent-to-treat population of each study were included in these analyses. Vertical dotted lines represent 6- and 12-month survival rates in panels (A)
and (B), and HR point estimates (0.76 for both elderly and younger patients) in the overall pooled population in panel (C). HR, hazard ratio; PD-L1, programmed

death ligand 1; TPS, tumor proportion score.
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chemotherapy 8.3 [7.0-11.1]; HR, 0.40 [95% CI, 0.25-0.64]; Fig. 1B),
compared with chemotherapy. OS was also improved for younger pa-
tients with PD-L1 TPS = 1% (median OS [95% CI], months: pem-
brolizumab 14.6 (13.1-16.6), chemotherapy 11.1 (10.0-11.9);
HR, 0.76 [95% CI, 0.69-0.84]) and PD-L1 TPS = 50% (median OS
[95% CI], months: pembrolizumab 19.2 (16.4-22.4), chemotherapy
11.9 (10.1-13.1); HR, 0.67 [95% CI, 0.57-0.78]) who received pem-
brolizumab monotherapy compared with chemotherapy (Fig. 1). In a
further evaluation, the OS benefit of pembrolizumab versus che-
motherapy was shown in both elderly and younger patients across each
individual study, although confidence intervals were wide owing to
smaller numbers of patients in some of the groups (Fig. 1C).

An additional pooled analysis of the 93 previously untreated elderly
patients with a PD-L1 TPS = 50% from KEYNOTE-024 (n = 45) and
KEYNOTE-042 (n = 48) also showed improved OS with pembrolizumab
compared with chemotherapy (median OS [95% CI], months: pem-
brolizumab 27.4 [10.6-not reached], chemotherapy 7.7 [6.1-11.1];
HR, 0.41 [95% CI, 0.23-0.73]; Fig. 2). Similar results were observed in
younger patients with PD-L1 TPS = 50% (median OS [95% CI],
months: pembrolizumab 20.0 [16.7-25.1], chemotherapy 13.0
[11.3-15.4]; HR, 0.71, [95% CI, 0.59-0.87]; Fig. 2).

3.3. Safety assessments

The safety analyses for the pooled population of patients (PD-L1
TPS = 1%) from all 3 studies included 254 elderly patients, of whom
149 received pembrolizumab and 105 received chemotherapy, and
2292 younger patients, of whom 1323 received pembrolizumab and
969 received chemotherapy (Table 2). Among elderly patients, the in-
cidence of treatment-related AEs was lower in patients who received
pembrolizumab (102 patients [68.5%]) compared with chemotherapy
(99 patients [94.3%]). Fatigue was the most common treatment-related
AE among elderly patients who received pembrolizumab (17.4%), fol-
lowed by decreased appetite, and pruritus (12.8% each) (Table 2).
Treatment with pembrolizumab compared with chemotherapy was also
associated with fewer treatment-related AEs of grade =3 (24.2% vs
61.0%) and fewer serious treatment-related AEs (16.1% vs 26.7%).
Treatment-related AEs that led to discontinuation occurred in 16 el-
derly patients in each treatment group (10.7% for pembrolizumab vs
15.2% for chemotherapy); most commonly due to pneumonitis (n = 6)
and increased alanine aminotransferase (n = 2). Treatment-related AEs
led to death in 2 elderly patients in each treatment group (1.3% for
pembrolizumab vs 1.9% for chemotherapy). These trends were com-
parable for younger patients (Table 2).

Immune-mediated AEs and infusion reactions of special interest
(regardless of attribution to study treatment or immune relatedness by

>75 Years
100+
904 77.2%
°\°h 801 69.0%
g 704 U-L‘\_u.'_uﬁoj%
2 601
@ 501
T 40 28.6%
o 30
>
O 204
104 HR for:death,
0 0.41 (95% CI,:0.23-0.73) . . i
0 6 12 18 24 30 36 42
No. at Risk Time, Months
Pembrolizumab 49 37 20 13 7 2 0 0
Chemotherapy 44 28 7 2 1 0 0 0
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the investigator) were more frequent with pembrolizumab than with
chemotherapy but were reported with similar frequency among pa-
tients who received pembrolizumab, regardless of age (pembrolizumab:
24.8% in elderly patients, 25.0% in younger patients; chemotherapy:
6.7% in elderly patients, 5.9% in younger patients). The most common
immune-mediated AEs and infusion reactions with pembrolizumab
were hypothyroidism (elderly, 8.7% vs younger, 10.4%), pneumonitis
(7.4% vs 6.8%), and hyperthyroidism (5.4% vs 5.7%; Table 2). Among
these, grade 3 or 4 immune-mediated AEs and infusion reactions oc-
curred in 14 elderly patients (9.4%) and 90 younger patients (6.8%),
following treatment with pembrolizumab. There were no grade
5 immune-mediated AEs and infusion reactions in elderly patients fol-
lowing treatment with pembrolizumab or chemotherapy. In younger
patients, 4 patients (0.3%) who received pembrolizumab died because
of pneumonitis.

4. Discussion

In a pooled analysis of patients of =75 years of age with treatment-
naive and previously treated advanced NSCLC with PD-L1-positive
tumors from 3 randomized studies (KEYNOTE-010, KEYNOTE-024, and
KEYNOTE-042), pembrolizumab improved OS compared with che-
motherapy. As observed in previous studies investigating pem-
brolizumab monotherapy in patients with advanced NSCLC [18,20,21],
the magnitude of benefit with pembrolizumab increased with higher
levels of PD-L1 expression. In particular, the HR for OS strongly favored
pembrolizumab versus chemotherapy as first-line treatment for elderly
patients with PD-L1 TPS = 50% (HR, 0.41 [95% CI, 0.23-0.73]). This
pooled analysis represents the largest dataset in elderly patients
(=75 years of age) with PD-L1-positive NSCLC who were able to meet
the required study eligibility criteria to receive immunotherapy in a
randomized study setting across many countries worldwide. Our data
show that the improvements in OS in elderly patients with pem-
brolizumab compared with chemotherapy are consistent with the out-
comes observed in the overall study populations [18-20].

Safety is an especially important consideration among elderly pa-
tients because of their potential drug tolerability concerns due to im-
paired renal function, cardiac or other comorbidities, declining organ
function, and reduced cognitive function [22]. Prior reports have
shown that the incidence of AEs such as leukopenia or fatigue, and the
treatment discontinuation rate due to patient/physician choice or AEs is
higher among patients with advanced NSCLC aged =70 years than in
younger patients treated with platinum-based chemotherapy [23-25].
In our pooled analysis, pembrolizumab was associated with fewer
treatment-related AEs compared with chemotherapy, including those of
grade =3 severity. Additionally, comparatively fewer elderly patients

<75 Years
100+
90 76.6%
= 80/ 76.5%:65.8%
E: 70 52.9%
e 601
@ 50
E 40+
2 30+
O 204
10 HR for death,
0 0.71 (95% Cl,:0.59-0.87) . . i
0 6 12 18 24 30 36 42
No. at Risk Time, Months
Pembrolizumab 404 308 202 96 52 20 2 0
Chemotherapy 407 309 172 74 39 1 1 0

Fig. 2. Overall survival following first-line therapy with pembrolizumab or chemotherapy in the pooled analysis of patients with PD-L1 TPS = 50% from the
KEYNOTE-024 and KEYNOTE-042 studies (ITT population) by age (=75 years or < 75 years). Vertical dotted lines represent 6- and 12-month survival rates. HR,
hazard ratio; ITT, intent-to-treat; PD-L1, programmed death ligand 1; TPS, tumor proportion score.
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Table 2
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Summary of AEs in a Pooled Analysis of Patients With PD-L1 TPS = 1% Enrolled in the KEYNOTE-010, KEYNOTE-024, and KEYNOTE-042 Studies by Age.

Patients With =1 Event, n (%) Pembrolizumab

Chemotherapy

Age =75 Years, n = 149

Age < 75 Years, n = 1323

Age =75 Years, n = 105 Age < 75 Years, n = 969

Any Grade =3 Any Grade =3 Any Grade =3 Any Grade =3
Treatment-related AEs 102 (68.5) 36 (24.2) 862 (65.2) 224 (16.9) 99 (943) 64 (61.0)0 840 (86.7) 379 (39.1)
Serious 24 (16.1) 20 (134 170 (12.8) 137 (10.4) 28 (26.7) 25  (23.8) 136 (14.0) 130 (13.4)
Led to discontinuation 16 (10.7) 10 (6.7) 90 (6.8) 73 (5.5) 16 (15.2) 7 (6.7) 93 (9.6) 61 (6.3)
Led to death” 2 1.3) 2 (1.3) 17 1.3) 17 1.3) 2 (1.9) 2 1.9 20 2.1) 20 (2.1)
Occurring in > 10% of patients in
any group
Fatigue 26 174 3 (2.0) 140  (10.6) 13 (1.0) 34 (324 4 3.8) 187 (19.3) 20 (2.1)
Decreased appetite 19 128 1 0.7) 119  (9.0) 9 0.7) 33 (31.4) 0 165 (17.00) 16 a.7)
Pruritus 19 (12.8) 1 0.7) 106 (8.0) 3 0.2) 3 (2.9) 0 21 (2.2) 1 (0.1)
Rash 18 (121 2 (1.3) 119  (9.0) 4 0.3) 5 (4.8) 0 39 (4.0) 0
Nausea 14 9.9 1 0.7) 103 (7.8) 2 (0.2) 31 (29.5) 0 263  (27.1) 11 1.1
Diarrhea 9 (6.0) 1 0.7) 102 (7.7) 12 (0.9) 8 (7.6) 1 (1.0 115 (119 9 (0.9)
Anemia 7 4.7) 1 0.7) 62 4.7) 11 (0.8) 48 (45.7) 17 (16.2) 290 (29.9) 98 (10.1)
Asthenia 4 2.7) 1 0.7) 73 (5.5) 6 (0.5) 14 (13.3) 1 (1.0) 92 9.5) 17 (1.8)
Constipation 3 (2.0 0 34 (2.6) 0 18 (17.1) 0 81 8.4 0
Vomiting 3 (2.0) 0 43 (3.3) 2 (0.2) 14 (13.3) 0 137 (14.1) 5 (0.5)
Platelet count decreased 1 0.7) 0 4 0.3) 1 0.1) 13 (12.4) 6 5.7) 71 (7.3) 24 (2.5)
Thrombocytopenia 1 0.7) 0 7 (0.5) 2 0.2) 12 (11.4) 1 (1.0) 68 (7.0) 18 1.9)
WBC count decreased 1 0.7) 0 5 0.4) 0 11 (10.5) 5 (4.8) 93 9.6) 41 (4.2)
Alopecia 0 0 9 (0.7) 0 17 (16.2) 1 (1.0) 233 (24.0) 8 (0.8)
Neutropenia 0 0 8 (0.6) 1 0.1) 21 (20.0) 12 (11.4) 145 (15.00 92 (9.5)
Neutrophil count decreased 0 0 5 0.4) 0 19 (18.1) 14 (13.3) 111 (11.5) 66 (6.8)
Immune-mediated AEs and 37 (24.8) 14 9.49) 331 (25.0) 94 7.1) 7 (6.7) 0 57 (5.9) 13 1.3)
infusion reactions
Hypothyroidism 13 8.7) 0 138  (10.4) 1 (0.1) 3 (2.9) 0 10 (1.0) 0
Pneumonitis 11 (7.4) 4 2.7) 90 (6.8) 39 (2.9) 3 (2.9) 0 7 (0.7) 4 0.4)
Hyperthyroidism 8 (5.4) 0 76 (5.7) 2 (0.2) 0 0 9 (0.9) 0
Severe skin reactions 4 2.7) 3 (2.0) 30 2.3) 24 (1.8) 1 (1.0) 0 2 0.2) 2 0.2)
Hypophysitis 3 (2.0) 3 (2.0) 5 0.9 4 (0.3) 0 0 0 0
Hepatitis 2 (1.3) 2 (1.3) 10 (0.8) 6 (0.5) 0 0 0 0
Colitis 2 (1.3) 1 0.7) 14 (1.1) 9 0.7) 0 0 2 0.2) 1 0.1)
Adrenal insufficiency 2 (1.3) 1 0.7) 8 (0.6) 2 (0.2) 0 0 1 (0.1) 0
Myocarditis 1 0.7) 1 (0.7) 0 0 0 0 0 0
Infusion reactions 1 0.7) 0 16 (1.2) 1 0.1) 0 0 28 (2.9) 6 (0.6)
Thyroiditis 1 0.7) 0 19 1.4 0 0 0 0 0
Pancreatitis 1 0.7) 0 6 (0.5) 4 (0.3) 0 0 0 0
Myositis 0 0 6 (0.5) 0 0 0 1 0.1) 0
Nephritis 0 0 5 0.9 3 (0.2) 0 0 0 0
Type 1 diabetes mellitus 0 0 4 (0.3) 4 (0.3) 0 0 0 0

AE, adverse event; PD-L1, programmed death ligand 1; TPS, tumor proportion score; WBC, white blood cell.

@ All patients as treated (those who received =1 dose of study drug).

> The treatment-related AEs leading to death among elderly patients were sepsis in 1 patient, and 1 death had an unspecified cause in the pembrolizumab group;
and infection and pulmonary sepsis in 1 patient each in the chemotherapy group. Among younger patients, treatment-related AEs leading to death in the pem-
brolizumab group were pneumonitis in 4 patients, acute cardiac failure, myocardial infarction, ileus, Klebsiella infection, Pneumocystis jirovecii pneumonia, malignant
neoplasm progression, encephalopathy, hemoptysis, pulmonary embolism, respiratory failure, and hypovolemic shock in 1 patient each; 2 of the deaths in this group
had an unspecified cause. Treatment-related AEs leading to death in younger patients in the chemotherapy group were pneumonia in 4 patients, febrile neutropenia,
pancytopenia, cardiac failure, acute cardiac failure, neutropenic sepsis, pulmonary sepsis, respiratory tract infection, septic shock, dehydration, ketoacidosis, dys-
pnea, interstitial lung disease, pulmonary alveolar hemorrhage, pulmonary embolism, and respiratory distress in 1 patient each; 1 death in this group had an

unspecified cause.

discontinued pembrolizumab because of a treatment-related AE versus
chemotherapy. As expected, given its mechanism of action, the in-
cidence of immune-mediated AEs and infusion reactions was higher in
patients who received pembrolizumab compared with chemotherapy;
however, the incidence and types of AEs in elderly patients were similar
to those observed in the overall study populations [18-20].

Since the data were analyzed post hoc, a potential limitation is that
the analyses were retrospective and exploratory in nature. Our pooled
analysis combined data from patients enrolled in 3 large randomized
clinical trials, with some notable differences among these studies. For
example, our pooled analysis included patients with treatment-naive
and those with previously treated NSCLC, with PD-L1 TPS = 1% or
>50%. In an effort to account for these differences, we investigated
outcomes in both TPS subgroups and conducted an additional analysis
specifically in patients with PD-L1 TPS = 50% who received
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pembrolizumab in the first-line setting to align the patient populations
further. Importantly, the results from these analyses were similar to
those observed for the overall pooled population and comparable with
the individual study populations. The chemotherapy regimens also
differed among the 3 studies, with KEYNOTE-010 investigating doc-
etaxel 75mg/m? Q3W in the comparator arm, KEYNOTE-024 in-
vestigating the inclusion of the investigator’s choice of 1 of 5 platinum-
based chemotherapies in the comparator arm, and KEYNOTE-042 in-
vestigating carboplatin plus paclitaxel or carboplatin plus pemetrexed
in the comparator arm. However, OS was consistently longer and im-
proved with pembrolizumab in each of these 3 studies irrespective of
the comparator regimen, and the safety profiles were in line with ex-
pected AEs associated with individual drugs, with no new safety signals
observed. Finally, randomization was not stratified by age in the in-
dividual studies that were included, and because of the generally low
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rate of accrual of elderly patients in clinical trials, there was a large
disparity in the total number of elderly patients in our pooled analysis
compared with younger patients (=75 years, n = 264; < 75 years,
n = 2348). However, because this imbalance was prevalent across both
the pembrolizumab and chemotherapy arms, we do not anticipate that
this introduced a bias in our analyses. As discussed, the elderly patients
included in this pooled analysis included those who met the inclusion
criteria for each of the individual studies, which would have selected
for a relatively fit elderly patient population. The results of this pooled
analysis should therefore be considered in the context of patients
=75 years of age with an ECOG PS 0-1 and without conditions or
comorbidities that would have prevented study enrollment and should
be confirmed in a real-world population of elderly patients.

While there is a general perception of immunosenescence in elderly
patients [10,11], we found no evidence to support reduced efficacy in
these patients since treatment with pembrolizumab was associated with
improved OS compared with chemotherapy in all patients included in
our analysis, regardless of age. Further, our pooled analyses of pem-
brolizumab monotherapy in elderly patients with advanced NSCLC is
consistent with growing evidence that older patients can derive benefit
from immunotherapy without additional toxicity compared with stan-
dard chemotherapy regimens [26-29]. A recent pooled analysis of an-
ti-PD-(L)1 agents as second-line therapy for advanced or metastatic
NSCLC showed that immune checkpoint inhibitors provided a survival
benefit compared with docetaxel in patients across younger and older
age groups (OS HR [95% CI]: all patients, 0.68 [0.63-0.76]; < 65 years,
0.71 [0.63-0.80]; > 65 years, 0.66 [0.57-0.76]; > 70 years, 0.67
[0.55-0.82]; and > 75 years, 0.81 [0.58-1.13]). Moreover, no addi-
tional toxicity was observed in older patients compared with younger
patients. Interestingly, the incidence of treatment-related AEs was
higher in the subgroup of patients aged < 65 years compared with
those aged =75 years (grade 1-2, 88% vs 49%; grade 3-4, 47% vs
23%). The incidences of serious AEs, AEs leading to discontinuation,
and the distribution of immune-mediated AEs were similar across the
age groups [29]. In a separate retrospective study in 75 patients of
=70 years of age with advanced NSCLC who received anti-PD-(L)1
agents, a lower ECOG PS (0-1 vs =2) was found to be the only
covariate to predict OS and time to treatment failure of anti-PD-(L)1
therapy. Other covariates evaluated in the multivariate model were age
(=80 vs < 80), sex (male vs female), and line of therapy (first-line vs
later) [30]. Consistent with our results, in a phase 3 study (OAK),
atezolizumab (an anti-PD-L1 agent) was associated with longer OS in
patients with previously treated NSCLC aged < 65 years (HR, 0.80
[95% CI, 0.64-1.00]) and those =65 years of age (HR, 0.66 [95% CI,
0.52-0.83]) compared with docetaxel [31].

5. Conclusion

In this pooled analysis of patients with PD-L1-positive advanced
NSCLC enrolled in 3 large randomized controlled trials, pembrolizumab
monotherapy improved OS compared with chemotherapy in patients of
=75 years of age. Additionally, older age was not associated with in-
creased toxicity with pembrolizumab therapy. Overall, the efficacy and
safety outcomes observed in elderly patients were largely similar to the
overall study populations in each of the 3 individual studies included in
our pooled analysis. These findings should be confirmed in a real-world
population with elderly patients.
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