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Abstract
Background: Pembrolizumab is the recommended first-line therapy for patients with
advanced non-small-cell lung cancer (NSCLC) and a programmed death ligand-1
(PD-L1) tumor proportion score (TPS) of ≥50% without driver mutations. However,
its efficacy and safety for patients ≥75 years have not been prospectively investigated;
this was the aim of this study.
Methods: This multicenter and open-label single-arm phase II study was conducted at
12 institutions. Chemotherapy-naïve patients with advanced NSCLC and a PD-L1 TPS of
≥50% without EGFR mutations or translocation of the ALK received pembrolizumab
every 3 weeks. The primary endpoint was progression-free survival (PFS) with a threshold
of 4.3 months. The secondary endpoints were overall survival (OS), objective response rate
(ORR), disease control rate (DCR), safety, and quality of life.
Results: Twenty-six patients were enrolled between October 2017 and March 2020.
The median PFS was 9.6 (95% confidence interval [CI] 2.1–20.6) months. The lower
limit of the 95% CI did not exceed the target. The median OS was 21.6 months. The
ORR and DCR were 41.7% and 70.8%, respectively. The proportion of patients with
grade ≥3 treatment-related adverse events was 15.4%. The quality of life score did not
change significantly during treatment.
Conclusion: While this study showed that pembrolizumab was a tolerable treatment
for elderly patients, the safety requires further confirmation in a larger study.
Although the primary endpoint, the median PFS (9.6 months), was slightly shorter
than that (10.3 months) of the previous phase III study (KEYNOTE-024 study), the
median PFS did not achieve the expected value.
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INTRODUCTION

Lung cancer is the most common cause of cancer-related
death.1 It is classified into two broad histological types: non-
small-cell lung cancer (NSCLC) and small-cell lung cancer.
NSCLC comprises approximately 80% of lung cancers, and

they are histologically classified as adenocarcinomas, squa-
mous cell, large cell, or bronchioalveolar carcinoma. Approxi-
mately 50% of all NSCLC cases are advanced NSCLC.2

Formerly, a platinum-based doublet with third-generation
chemotherapy was the standard treatment for patients with
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NSCLC, a performance status of 0–1, and no driver muta-
tions. However, antibodies against programmed death 1 (PD-
1; pembrolizumab or nivolumab) and programmed death
ligand 1 (PD-L1; atezolizumab) are the standard treatment
options for advanced NSCLC. The KEYNOTE-024 study, a
randomized open-label phase III trial, compared pembro-
lizumab and platinum-based doublet chemotherapy as first-
line treatment for patients with advanced NSCLC, no driver
mutations, and a PD-L1 tumor proportion score (TPS) of
≥50%.3 The primary endpoint was progression-free survival
(PFS), which was better in the pembrolizumab group than in
the chemotherapy group (median 10.3 vs. 6.0 months, hazard
ratio 0.50, 95% confidence interval [CI] 0.37–0.68, p < 0.001).
In addition, a recent updated analysis showed that the overall
survival (OS) of the pembrolizumab group was significantly
longer than that of the chemotherapy group (hazard ratio
0.62, 95% CI 0.48–0.81).4 These results support pembro-
lizumab as the standard treatment for these patients.5 How-
ever, that phase III study did not consider patients who were
≥75 years old.

Lung cancer is primarily a disease affecting the older popu-
lation, and the number of older patients aged ≥75 years with
lung cancer is increasing.6 Several studies have shown the effi-
cacy of PD-1 antibody treatment in older patients with
NSCLC. In fact, a previous study involving patients with squa-
mous cell carcinomas who were treated with nivolumab after
first-line treatment showed that the median OS of patients
aged >75 years (5.8 months) was lower than that of patients
aged <65 years (8.6 months).7 However, no prospective study
on the efficacy and safety of pembrolizumab in elderly patients
with NSCLC and a PD-L1 TPS of ≥50% has been conducted.

The physiological functioning of elderly patients is lower
than that of the nonelderly population. Therefore, systemic
chemotherapy for elderly patients should be selected care-
fully to avoid adverse reactions. A randomized phase 3 trial
(the IFCT-0501) including elderly patients with NSCLC
reported that the platinum-doublet chemotherapy regimen
improved survival compared with the single-agent mon-
otherapy regimen.8 However, the rate of toxic deaths was
slightly higher in the doublet chemotherapy group than in
the monotherapy group. Thus, third-generation chemother-
apy agents were standard treatment options for elderly
patients with NSCLC.5 The WJTOG 9904 revealed the prev-
alence of grade 3 or 4 leukopenia and neutropenia, and febrile
neutropenia was 58.0%, 82.9%, and 12.5 in the docetaxel
group.9 Conversely, the KEYNOTE-024 study revealed that
pembrolizumab was associated with fewer severe adverse
events relative to platinum-doublet chemotherapy (26.6%
vs. 53.3%).3 These results suggest that pembrolizumab mon-
otherapy may be safer than platinum-doublet chemotherapy
or docetaxel treatment for elderly patients with NSCLC.

Based on these observations, this study aimed to exam-
ine the efficacy and safety of pembrolizumab monotherapy
for patients aged ≥75 years with untreated advanced NSCLC
and a PD-L1 TPS of ≥50%.

MATERIALS AND METHODS

Patients

Patients with pathologically confirmed NSCLC, with stage
IIIB, IIIC, or IV (Tumor–Node–Metastasis Classification,
8th edition) or recurrence after surgical resection or
chemoradiotherapy were enrolled in this study.10 Patients
with stage IIIB NSCLC were enrolled in our study when a
physician determined that chemoradiotherapy was not suit-
able for these patients. Other eligibility requirements
included age ≥75 years, performance status of 0 or 1, ade-
quate bone marrow, lung, hepatic and renal functions, an
expected survival of at least 3 months, absence of sensitizing
epidermal growth factor receptor mutations or anaplastic
lymphoma kinase translocations (analysis of BRAF gene
mutation or ROS-1 gene arrangement was not mandatory),
PD-L1 TPS ≥50% (22C3 pharmDx assay), no previous che-
motherapy, and a treatment-free period of more than
6 months after adjuvant chemotherapy. The exclusion
criteria were untreated central nervous system metastases
and/or carcinomatous meningitis, uncontrollable pleural
effusion, ascites, or pericardial fluid, double cancer with a
disease-free interval below 5 years, evidence of severe or
uncontrolled systemic disease, evidence of interstitial pneu-
monia on chest computed tomography (CT), any major sur-
gical procedure (as defined by the investigators) within
28 days of the first pembrolizumab dose, radiotherapy
within 4 weeks before the first pembrolizumab dose, and
active autoimmune disease requiring systemic treatment
with corticosteroids or other immunosuppressive
medications.

Clinical study design

This was a multicenter single-arm phase II study that evalu-
ated the efficacy and safety of pembrolizumab as first-line
therapy for Japanese patients aged ≥75 years with advanced
NSCLC and a PD-L1 TPS of ≥50% without driver muta-
tions. After the patient’s eligibility was confirmed and
informed consent was obtained, the patients were registered
and treatment was initiated. Patients received intravenous
pembrolizumab (200 mg every 3 weeks) until radiologic dis-
ease progression or treatment-related adverse events of
unacceptable severity were observed, the patient withdrew
their consent, or the investigator terminated treatment at
their own discretion. Ethical approval was obtained from
the Hiroshima University Certified Review Board, Hiro-
shima, Japan (jRCTs061180068), and was approved by the
Ethics Committee of each participating institution. In addi-
tion, this study protocol conformed to the ethical principles
of the Declaration of Helsinki and has been registered in the
University Hospital Medical Information Network Clinical
Trials Registry database (UMIN000029602).
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Efficacy and assessments

Before treatment initiation, a physical examination, com-
plete blood count and serum chemistry, CT or magnetic res-
onance imaging scan of the brain, thoracoabdominal CT,
and bone CT or positron emission tomography were per-
formed. Physical examination, a complete blood count, and
serum chemistry were performed at least once during each
subsequent cycle of treatment. Patients underwent tumor
assessments every three treatment cycles or at least 9 weeks.
The tumor response and/or radiologic disease progression
was evaluated based on version 1.1 of the Response Evalua-
tion Criteria in Solid Tumors.11 Adverse events were
recorded using version 4.0 of the National Cancer Institute’s
Common Terminology Criteria for Adverse Events.12 PFS
was defined as the interval from the first day of therapy to
the first instance of treatment failure, which included death
and disease progression. OS was defined as the period from
registration until death due to any cause.

Quality of life (QOL) was assessed using EORTC QLQ-
C30 and EORTC QLQ-LC13. The patients completed the
questionnaires immediately after providing informed con-
sent, and also before the third, sixth, 12th, 18th, and 24th
treatment cycles.

Statistical design

The primary endpoint was PFS. Secondary endpoints were
OS, overall response rate (ORR), disease control rate, safety,
and QOL. PFS and OS were analyzed using the Kaplan–
Meier method to estimate the median points with 95%
CI. ORR was the proportion of patients who achieved partial
response (PR) and overall response (CR). The disease con-
trol rate was the proportion of patients who achieved CR,
PR, and stable disease (SD). All these rates are expressed
with their 95% CI. Changes in QOL were analyzed with ref-
erence to pretreatment scores. The sample size was based on
a threshold median PFS of 4.3 months for previous single-
drug treatments,9,13 an expected median PFS of 10.3 months3

for this study, a two-sided alpha value of 0.05, and power of
0.8. Based on these parameters, 24 patients needed to be
enrolled within the first 3 years, with an additional 1 year of
follow-up. Therefore, the sample size was 26, assuming that
some patients would drop out of the study.

RESULTS

Patient characteristics

Twenty-six patients were enrolled from 12 institutions
between October 2017 and March 2020. All the patients
received pembrolizumab and were included in the safety
analysis (Figure 1). The patients’ characteristics are shown
in Table 1. The median age was 78 (range 75–90) years.
Eighteen (69.3%) patients were men and eight (30.7%) were

women. Five (19.2%) patients had stage III disease,
14 (53.9%) had stage IV disease, and seven (26.9%) experi-
enced recurrence. Eighteen (69.2%) patients had adenocarci-
noma, seven (26.9%) had squamous cell carcinoma, and one
(3.9%) had pleomorphic carcinoma. The median PD-L1
TPS was 80% (range 50–100). There was no patient with
any EGFR mutation.

F I G UR E 1 Study flow chart

TAB L E 1 Patient characteristics

Patient characteristics n = 26

Age, years

Median (range) 78 (75–90)

Sex, n (%)

Male 18 (69.3)

Female 8 (30.7)

PS, n (%)

0 16 (61.5)

1 10 (38.5)

Smoking history, n (%)

Current 2 (7.7)

Former 19 (73.0)

Never 5 (19.3)

Histology, n (%)

Adenocarcinoma 18 (69.2)

Squamous 7 (26.9)

Pleomorphic 1 (3.9)

Stage, n (%)

3B 2 (7.7)

3C 3 (11.5)

4A 4 (15.4)

4B 10 (38.5)

Recurrence 7 (26.9)

PD-L1 TPS (%)

Median (range) 80 (50–100)

Abbreviations: PS, Eastern Cooperative Oncology Group performance status; PD-L1,
programmed cell death ligand-1; TPS, tumor proportion score.
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Efficacy and survival analysis

The median PFS was 9.6 (95% CI 2.1–20.6) months. By
the end of the study (March 5, 2021, median follow-up
15.1 months), 11 patients had died. The median OS was
21.6 (95% CI 15.1–not reached) months (Figure 2).
The patient ORRs are shown in Table 2. CR, PR, and SD
were achieved by one, nine, and seven patients,
respectively (Figure 3). The ORR was 41.7% (95% CI
24.5–61.2). The disease control rate was 70.8%
(50.8–85.1).

Safety

Treatment-related adverse events are shown in Table 3. A
total of 15.4% of patients developed grade 3, 4, or
5 adverse events. Adverse events led to treatment discon-
tinuation in 19.2% of patients. The grade 3 adverse events
included colitis (n = 1), hypothyroidism (n = 1), and pul-
monary infection (n = 1). One patient developed grade
5 pneumonitis.

Quality of life

The distribution of patients who answered the question-
naires was as follows: 19 (73.1%) at the time of pre-
treatment, 13 (50.0%) after three treatment cycles,
13 (50.0%) after six cycles, eight (30.8%) after 12 cycles,
seven (26.9%) after 18 cycles, and four (15.4%) after
24 cycles. The Score of Global Health Status/QOL, symptom
scales and/or items, and functioning scales of EORTC QLQ-
C30 and EORTC QLQ-LC13 did not change significantly
during the treatment (Figure 4a–d).

DISCUSSION

The subgroup analysis of the KEYNOTE-024 study showed
the PFS benefit of pembrolizumab in patients aged
≥65 years.3 Unlike the KEYNOTE-024 trial, this study
included patients aged ≥75 years, with the oldest being
90 years. To the best of our knowledge, this is the first clini-
cal trial to investigate the efficacy and safety of
pembrolizumab as first-line therapy for patients who are
≥75 years old with advanced NSCLC and a PD-L1 TPS of
≥50%. Although the primary endpoint, the median PFS, was
slightly shorter than that in the KEYNOTE-024 study
(10.3 months), the lower limit of the 95% CI did not exceed
the target (4.3 months). Thus, the primary end point was
not met. The median OS was 21.6 (95% CI 15.1–not
reached) months. The ORR was 43.4% (95% CI 25.6–63.2).
The proportion of patients with treatment-related adverse
events of grade ≥3 was 15.4%, and the QOL did not worsen
with treatment.

When we started this study, third-generation cytotoxic
chemotherapy was the standard treatment for elderly
patients with NSCLC.9,13 However, a randomized phase III
trial showed that the OS of elderly patients (aged ≥75 years)
with advanced nonsquamous NSCLC who received car-
boplatin plus pemetrexed followed by pemetrexed mainte-
nance was noninferior to the OS of those who received the
third-generation chemotherapy agent, docetaxel mon-
otherapy. In addition, the prevalence of grade 3 or 4 leukope-
nia and neutropenia, and febrile neutropenia was lower in
the carboplatin-pemetrexed group than in the docetaxel

F I G U R E 2 Kaplan–Meier estimates of (a) progression-free survival
and (b) overall survival in patients with metastatic non-small-cell lung
cancer treated with pembrolizumab. CI, confidence interval; NR, not
reached

TAB L E 2 Overall response

Tumor response n = 26 (%)

Complete response 1 (3.8)

Partial response 9 (34.6)

Stable disease 7 (26.9)

Progressive disease 7 (26.9)

Not estimated 2 (7.7)

Response rate 41.7% (95% CI 24.5–61.2)

Disease control rate 70.8% (95% CI 50.8–85.1)

Abbreviation: CI, confidence interval.
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group.14 In addition, a randomized phase III trial (the CAP-
ITAL study) showed that the OS and PFS of elderly patients
(aged ≥70 years) with advanced squamous NSCLC who
received carboplatin plus nab-paclitaxel was significantly
superior to the OS and PFS of those who received doce-
taxel.15 From these observations, carboplatin-pemetrexed
treatment followed by pemetrexed maintenance or

carboplatin plus nab-paclitaxel is considered to be the stan-
dard treatment for elderly patients with advanced non-
squamous or squamous NSCLC, respectively. Although the
primary end point, PFS, was not met in this study, the
median PFS (9.6 months) is longer than that of carboplatin
and pemetrexed followed by pemetrexed (6.4 months) or
carboplatin and nab-paclitaxel (5.8 months).14 Furthermore,
the median OS (21.6 months) of this study is longer than
that of carboplatin plus pemetrexed followed by pemetrexed
maintenance (18.7 months) or the median OS in the CAPI-
TAL study (16.9 months).14,15 In addition, in a pooled anal-
ysis of elderly patients with advanced NSCLC (≥75 years)
and a PD-L1 TPS of ≥50%, pembrolizumab improved OS
more than chemotherapy did.16 From these observations,
pembrolizumab monotherapy could be an effective treat-
ment for these patients. However, to investigate whether
pembrolizumab monotherapy or these platinum doublet
chemotherapies is an optimal treatment for these patients, a
randomized study of a large cohort is needed.

The response rate of this study is similar to that of a pre-
vious phase III study.3 Patients who achieved CR or PR had
a longer OS (Figure 3). This is consistent with the results of
a previous study.17 Within a few months, several patients in
this study had progressive disease. The treatment for such
patients should be changed promptly. Previous studies have
shown that patients with early disease progression after
administration of anti-PD-1/PD-L1 antibodies had a higher
tumor burden,18 but we were unable to examine the tumor

F I G U R E 3 Duration of treatment and time-to-response. The bar lengths represent the duration of treatment (dark green) and months of follow-up
(light green). AE, adverse event; CR, complete response; PD, progressive disease; PR, partial response; SD, stable disease

T A B L E 3 Summary of treatment-related adverse events

Treatment-related adverse events, n (%)

Any grade 20 (76.9)

Grade 3–5 4 (15.4)

Led to discontinuation 5 (19.2)

Led to death 1 (3.8)

Any grade, n (%) Grade 3–5, n (%)

Fatigue 9 (33.5) 0 (0)

Anorexia 7 (26.9) 0 (0)

Skin reaction 7 (26.9) 0 (0)

Colitis 4 (15.4) 1 (3.8)

Hepatitis 4 (15.4) 0 (0)

Increased blood creatinine level 3 (11.5) 0 (0)

Hypothyroidism 2 (7.7) 1 (3.8)

Pneumonitis 2 (7.7) 1 (3.8)

Lung infection 2 (7.7) 1 (3.8)
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burden in our study. For such patients, cytotoxic chemo-
therapy or PD-1/PD-L1 antibodies plus chemotherapy may
be more effective than PD-1/PD-L1 antibodies. In addition,
the oncogenic driver subtype should be investigated, since
treatment with PD-1/PD-L1 antibodies could be considered
ineffective for patients with NSCLC who have not only
EGFR mutation or ALK rearrangement, but also BRAF,
HER2, or MET mutations or RET translocation.19,20

The safety profile of pembrolizumab in this study was tol-
erable. In fact, the rate of grade ≥3 adverse events in this
study (15.4%) was lower than that of the KEYNOTE-024
study (26.6%).3 However, a multicenter, retrospective study
of 928 geriatric patients with various tumors (NSCLC, mela-
noma, genitourinary) treated with single-agent ICIs also
reported that the rate of grade ≥3 immune-related events was
12.2%.21 In addition, grade ≥3 adverse events in a pooled
analysis of elderly patients with advanced NSCLC (≥75 years)
treated with pembrolizumab was 24.2%, which is higher than
that of our study. Furthermore, one patient developed grade
5 pneumonitis in our study. On the contrary, it is known that
the frequency of cytopenia due to chemotherapy was high in
elderly patients. In the study for elderly nonsquamous
NSCLC patients, the rates of neutropenia, anemia, and febrile

neutropenia of grade 3 and more were 46.2%, 29.5%, and
4.2%, respectively, in the carboplatin-pemetrexed group. In
addition, in the CAPITAL study, the rates of neutropenia and
anemia of grade 3 and more were 63.2% and 38.9%, respec-
tively.14 We should pay attention to immune-related adverse
events. However, the safety of pembrolizumab monotherapy
is considered to be superior to cytotoxic chemotherapy in
elderly patients. The proportion of each adverse event did not
differ between elderly and nonelderly patients, and no novel
adverse event was observed in the pooled analysis.16

There are several randomized phase III trials (the
KEYNOTE-409, KEYNOTE-189, and IMpower-150 studies)
that compare platinum-doublet chemotherapy plus PD-1/
PD-L1 antibodies or placebo, followed by PD-1/PD-L1 anti-
bodies or placebo in patients with NSCLC.22–24 These stud-
ies showed that the primary endpoint, PFS, and OS were
significantly longer in the PD-1/PD-L1 antibody-
combination group than in the placebo-combination group,
irrespective of the PD-L1 expression level. Thus, platinum
doublet chemotherapy plus PD-1/PD-L1 antibodies is
also recommended as first-line treatment.5 Furthermore,
ipilimumab, an antibody against CTL antigen 4 (CTLA-4),
is an available treatment for patients with advanced NSCLC.

F I G U R E 4 Quality-of-life assessments with EORTC QLQ-C30 (a) score changes of Global Health Status/QOL, (b) symptoms and/or items score,
(c) functioning scale score, (d) EORTC QLQ-LC13 score. Scales of EORTC QLQ-C30 and EORTC QLQ-LC13 did not change significantly during the
treatment. QOL, quality of life; QLQ, quality of life questionnaire
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A randomized phase III trial (the CheckMate 227 study)
involving patients with advanced NSCLC who had a PD-L1
expression level of ≥1% showed that OS was significantly
longer in the nivolumab plus ipilimumab group than in the
chemotherapy group.25 Another randomized phase III trial
(the CheckMate 9LA study) showed that nivolumab plus
ipilimumab with two cycles of chemotherapy provided a sig-
nificantly longer OS than chemotherapy alone.26 Based on
these observations, these treatments with ipilimumab are also
standard treatment options.27 The efficacy of these treatments
might be superior to that of pembrolizumab monotherapy for
patients with NSCLC having a PD-L1 TPS of ≥50%. How-
ever, these studies did not consider patients who were
≥75 years old. Moreover, in studies on platinum-doublet che-
motherapy plus PD-1/PD-L1 antibody or placebo, grade ≥3
adverse events were more frequent in the PD-1/PD-L1 anti-
body combination group than in the placebo group. Further-
more, a previous phase III study showed that there were
more adverse events in the nivolumab plus ipilimumab group
than in the nivolumab monotherapy group. Given these
observations, pembrolizumab monotherapy is a possible
treatment option for elderly patients with NSCLC.

In this study, the scores of EORTC QLQ-C30
GHS/QOL, QLQ-C30 functioning and symptom domains,
and QLQ-LC13 did not change significantly during treat-
ment. These results suggested that pembrolizumab mon-
otherapy did not decrease the QOL of elderly patients with
NSCLC. Conversely, in the health-related QOL results of the
KEYNOTE-024 study, the mean baseline-to-week-15 QLQ-
C30 GHS/QOL was improved in the pembrolizumab group
(6.9, 95% CI 3.3–10.6). In addition, patients who were
treated with pembrolizumab had improved baseline-to-week
15 scores of the QLQ-C30 functioning and symptom
domains, and QLQ-LC13.28 These discrepancies were due to
our study’s small sample size, which limited the assessment
of QOL change.

This study has a few limitations. First, this was a single-
arm phase II study with a small sample size. Second, an
independent central review for response and/or progression
was not conducted.

CONCLUSION

These findings show that pembrolizumab monotherapy
would be tolerable for advanced elderly patients with
NSCLC having a PD-L1 TPS of ≥50%. However, the safety
of pembrolizumab needs to be confirmed in a larger pro-
spective study. The primary endpoint, the median PFS, did
not achieve the expected value. However, the PFS was
slightly shorter than that of the KEYNOTE-024 study. The
results of our study and a pooled analysis16 suggest that
pembrolizumab monotherapy is an effective treatment for
these patients. A multicenter study of a large cohort in the
future is needed to compare the efficacy of pembrolizumab
monotherapy to that of carboplatin plus pemetrexed or nab-
paclitaxel in these patients.
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