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Abstract

Background The role of pembrolizumab in the treatment of poor performance status (PS) patients remains unclear.
Patients and methods We conducted a phase II trial to investigate the efficacy and safety of pembrolizumab as first-line
therapy for non-small-cell lung cancer (NSCLC) patients with PSs of 2-3 and programmed cell death ligand 1 (PD-L1)
expression > 50%. The primary endpoint of this study was the objective response rate (ORR).

Results Fourteen patients treated at eight institutions were enrolled. Most patients had PS 2 (12/14; 86%) and others had PS
3 (2/14; 14%). The ORR was 57.1% (95% confidence interval 28.9-82.3%), which met the primary endpoint. The median
progression-free survival (PFS) and 1-year PFS rates were 5.8 months and 20.0%, respectively. At the time of data cut-off,
one patient had received treatment for more than 1 year; another patient had received treatment for more than 2 years. Nine
patients had improved PS with treatment (Wilcoxon signed-rank test, p =0.003). Two patients had immune-related adverse
events > grade 3: grades 5 and 3 elevation in alanine and aspartate aminotransferases. Two PS 3-stage patients were diagnosed
with clinically progressive disease prior to initial computed tomography; both died within 2 months.

Conclusion Pembrolizumab was effective for the treatment of NSCLC patients with a poor PS and PD-L1 level > 50%.
However, given the poor outcomes of the PS 3 patients, the drug is not indicated for such patients. Adverse events, including
liver dysfunction, should be carefully monitored.

Registration ID UMIN000030955.
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Introduction

Pembrolizumab is the standard first-line treatment for
advanced non-small cell lung cancers (NSCLCs) exhibit-
ing high-level expression of programmed cell death ligand
1 (PD-L1). The pivotal phase III KEYNOTE-024 clinical
trial revealed that pembrolizumab afforded significantly
better outcomes than did standard platinum-based, dou-
blet first-line treatment for advanced NSCLCs evidencing
high-level PD-L1 expression [an objective response rate
(ORR) of 44.8%, median progression-free survival (PFS) of
10.3 months, and overall survival (OS) of 26.3 months]. In
another phase III clinical trial (KEYNOTE-189), a combina-
tion of pembrolizumab and platinum-based doublet therapy
significantly improved the ORR (47.6% of patients), the PF'S
(to 8.8 months), and the OS (to 22.0 months), regardless of
the PD-L1 expression level [1]. Therefore, the standard ther-
apy for treatment-naive NSCLC patients with high PD-L1
expression levels involves pembrolizumab with or without
platinum-based doublet therapy.

However, the aforementioned trials excluded patients
with poor performance status (PS). Therefore, the treat-
ment of patients with poor PS has lagged behind the current
advances in NSCLC treatment. Because of the aging popula-
tion in developed countries, the number of advanced NSCLC
patients with poor PS is expected to increase. Therefore,
effective treatment strategies for NSCLC patients with poor
PS are urgently required.

To determine the efficacy and safety of pembrolizumab
as the first-line treatment for advanced NSCLC patients with
poor PS and high PD-L1 expression, we performed a phase
II study to evaluate pembrolizumab treatment for treatment-
naive advanced NSCLC patients with PS 2 or 3 and high
PD-L1 expression.

Methods
Study design and participants

This was a multi-institutional, single-arm, non-randomized,
open-label phase II trial. This study included patients who
met the following criteria: age > 20 years, provision of writ-
ten informed consent, presence of histologically or cytologi-
cally confirmed NSCLC, presence of postoperative recur-
rence or incurable advanced stage cancer, no prior systemic
anti-cancer therapy, PD-L1 tumor proportion score >50%,
no sensitizing epidermal growth factor receptor mutations or
anaplastic lymphoma kinase rearrangement, Eastern Cooper-
ative Oncology Group PS of 2-3, and adequate organ func-
tion. Patients were excluded if they met any of the following
criteria: current autoimmune disease complications, history
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of chronic/recurrent autoimmune diseases, interstitial lung
disease, symptomatic brain lesions, and/or leptomeningeal
carcinomatosis. PD-L1 expression levels were determined
by immunohistochemistry using anti-22C3 antibodies.

Intervention and assessment

Patients received 200 mg of pembrolizumab intravenously,
once every 3 weeks for up to 2 years, until disease progres-
sion or interruption due to toxicity. All adverse events were
recorded in accordance with the 4th version of the Common
Terminology Criteria for Adverse Events. The efficacy of
pembrolizumab was determined via radiological assessment
by computed tomography and version 1.1 of the Response
Evaluation Criteria in Solid Tumors (RECIST); assessments
were performed once every 6 weeks for the first 48 weeks
and once every 12 weeks thereafter.

Outcomes

This study evaluated the efficacy of pembrolizumab mono-
therapy in advanced NSCLC patients with PS 2 or 3 and
high PD-L1 expression. The primary endpoint was the
ORR, defined as the rate of RECIST complete and partial
responses. The secondary endpoints were disease control
rate, PFS, OS, safety (evaluated using the 4th version of the
Common Terminology Criteria for Adverse Events), and a
change in PS. PFS was defined as the time from registra-
tion to disease progression or death from any cause. OS
was defined as the time from registration to death from any
cause. PFS may be an appropriate primary endpoint when
evaluating the efficacies of immune checkpoint inhibitors.
However, patients with a poor PS may drop out prior to PFS
determination; the ORR (which is rapidly determined) thus
served as the primary endpoint and PFS as the secondary
endpoint.

Statistical analysis

The KEYNOTE-024 trial [2] reported an ORR of 45% in
patients with good PS. The ORR to cytotoxic chemothera-
peutic agent monotherapy in patients with PS 2 is approxi-
mately 10% [3]. Therefore, using an expected ORR of 35%,
threshold of 10%, one-sided significance level of 0.05, and
detecting ability of 80%, it was estimated that 13 patients
would be required to reach statistical significance. Assum-
ing dropout of one patient, 14 patients were enrolled in
this study. This study was conducted in compliance with
the Declaration of Helsinki; it was approved by the Insti-
tutional Review Boards of each participating institution.
Written informed consent was obtained from all patients.
The study protocol was registered at the website of the
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University Hospital Medical Information Network, Japan
(ID: UMINO000030955).

Results
Patient characteristics

Fourteen patients from eight institutions were enrolled
between July 2018 and September 2020. Table 1 summarizes
the baseline characteristics of study participants. The median
age of study participants was 77 years (range 62—87 years);
12 of the 14 participants were men. Twelve patients had
PS 2, while the remaining two patients had PS 3. Thirteen
patients had stage IV disease, and one patient had disease
recurrence. The PD-L1 expression level was>50% in all
patients (median 80%; range 50-100%).

Response and survival

Table 2 summarizes the treatment responses according to
RECIST (version 1.1). Eight patients had partial response
(57.1%), 2 patients had stable disease (14.2%), and 4 patients
had progressive disease (28.6%). The ORR was 57.1% (95%
confidence interval [CI] 28.9-82.3%), which met the pri-
mary endpoint. The disease control rate was 71.4% (95%
CI 41.9-91.6%). Waterfall plot analysis demonstrated that
12 of the 14 participants had a reduction in tumor size fol-
lowing pembrolizumab treatment (Fig. 1). The median PFS
duration was 5.8 months (95% CI 0.9-11.0; Fig. 2A). Ten
patients (71.4%) experienced disease progression or death
by the time of survival analysis. The 1-year PFS rate was
20.0% (95% CI 3.4-46.5). The median OS duration and
1-year OS rate were 9.9 months (95% CI 1.3—not reached;
Fig. 2B) and 22.9% (95% CI 3.9-51.2), respectively. Finally,
we investigated PS 3 patient survival. Although PS 2 and PS
3 patients were eligible for inclusion, only two were of PS
3 status. Both were diagnosed with clinically progressive

Table 1 Patient characteristics

Median age, years (range) 77 (62-87)
Gender (male/female) 12/2

Smoking (never/former or current) 2/12

ECOG PS (2/3) 12/2

Median Cr, mg/dL (range) 0.75 (0.38-1.14)
Histology (Ad/sq/unclassified NSCLC) 8/3/3

Stage (IV/post-operative relapse) 13/1

Median PD-L1 expression, % (range) 80 (50-100)

ECOG Eastern Cooperative Oncology Group, PS performance status,
Ad adenocarcinoma, Sq squamous cell carcinoma, NSCLC non-small
cell lung cancer

Table 2 Response rate and disease control rate

No. of patients

% (95% CI)

Response rate 8 57.1 (28.9-82.3)
Disease control rate 10 71.4 (41.9-91.6)
Complete response 0 0.0
Partial response 8 57.1
Stable disease 2 14.2
Progressive disease 4% 28.6

Disease control comprises partial responses, complete responses, and
stable disease

“Including two clinically determined PD cases before radiographic
evaluation

disease prior to initial computed tomography; both died
within 2 months.

Change in PS following pembrolizumab treatment

Figure 3 depicts the change in PS following treatment with
pembrolizumab. Eight of the 14 patients (51.7%) showed
improved PS following pembrolizumab treatment. The two
PS 3 patients evidenced no PS improvement.

Adverse effects

The adverse events are listed in Table 3. There were 11
immune-related adverse events (irAEs) of any grade and 11
non-irAEs. Two irAEs were grade >3, and both involved
liver dysfunction (14%). No other severe irAEs were

Waterfall plot of the target lesions

100
75
50
25

0

-25
-50

-75

-100

Fig.1 Waterfall plot depicting the study participants. Dashed line
indicates the threshold for partial response (—20%)
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Fig.2 Survival curves demonstrating outcomes among the study par-
ticipants. A Progression-free survival curve; B overall survival curve

reported. One patient who experienced an irAE died of liver
dysfunction. This patient had a PS of 2 at study enrollment
but did not have previous liver diseases or other causes of
liver dysfunction (e.g., hepatitis virus infection or chronic
liver disease). Therefore, liver dysfunction was considered
an irAE. Grade > 3 non-irAEs included two lung infections
(14%), which may have been caused by an immunocompro-
mised condition in patients with poor PS; they also included
one gastric hemorrhage because of lung cancer metastasis to
the stomach (7%), one spinal fracture (7%), and one perianal
abscess (7%).

The two PS 3 patients exhibited no irAE and one non-
irAE (a grade 3 perianal abscess).

Treatment delivery

At the final follow-up, the median duration of pembroli-
zumab treatment was 3.8 months (range 0.7-8.4 months).
Pembrolizumab was stopped in four patients (28.6%)
because of adverse events (liver dysfunction in two, drug-
induced pneumonitis in one, and perianal abscess in one).
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Change of performance status during treatment
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Fig.3 Change in performance status during treatment. Performance
status before and during treatment. Statistical significance was deter-
mined using the Wilcoxon signed-rank test

Table 3 Adverse events

Toxicity No. of patients

Grade Any grade 3/4 5

Immune-related
Rash 3(21%) 0 (0%) 0(0%)
Hypothyroidism 0 (0%) 0 (0%) 0 (0%)
Pneumonitis 1 (7%) 0 (0%) 0 (0%)
Diarrhea 1 (7%) 0 (0%) 0 (0%)
AST/ALT increase 3(21%) 1 (7%) 1(7%)
Renal dysfunction 1 (7%) 0 (0%) 0 (0%)
Infusion reaction 2 (14%) 0 (0%) 0 (0%)

Non-immune-related
Lung infection 4 (28%) 2 (14%) 0 (0%)
Fatigue 2 (14%) 0 (0%) 0 (0%)
Gastric hemorrhage 1 (7%) 1 (7%) 0 (0%)
Spinal fracture 1 (7%) 1 (7%) 0 (0%)
Perianal abscess 1 (7%) 1 (7%) 0 (0%)
Ischemia cerebrovascular 1 (7%) 0 (0%) 0 (0%)
Platelet count decreased 1 (7%) 0 (0%) 0 (0%)
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Discussion

We conducted a prospective, phase II study to evaluate the
efficacy of first-line pembrolizumab treatment for NSCLC
patients with poor PS and high PD-L1 expression. We found
an ORR of 57.1% with pembrolizumab treatment, which
met the primary endpoint. A durable response to pembroli-
zumab treatment can be expected in patients with poor PS,
as demonstrated by the finding that 22.9% of patients were
alive and 20.0% of patients had PFS at 12 months. This is
the first prospective study to statistically investigate the effi-
cacy of first-line pembrolizumab in patients with a PD-L1
level > 50% and those of poor PS.

Previous studies evaluated the utility of chemotherapy in
patients of poor PS. In the subgroup analysis of the CALGB
9730 study, the ORR and median OS of PS 2 patients given
paclitaxel and carboplatin were 24% and 4.7 months, respec-
tively [4]. In the ECOG 1599 randomized phase II study,
the ORRs, median PFSs, and median OSs of PS 2 patients
given gemcitabine plus cisplatin, and paclitaxel plus carbo-
platin, were 23 and 24%, 3.0 and 3.5 months, and 6.9 and
6.2 months, respectively [5]. In another study, PS 2 patients
evidenced an ORR of 24%, a PFS of 5.8 months, and an OS
of 9.3 months on carboplatin and pemetrexed combination
therapy [6]. These durations are less than or similar to those
of the present study (ORR 57.1%, median PFS 5.8 months,
and median OS 9.9 months), although we included both PS
2 and PS 3 patients, whereas the cited work did not include
PS 3 patients. In addition, the response continued in 20% of
our patients to 24 months; previous studies reported disease
progression (even with chemotherapy) in most patients by
about 20 months [5, 6]. The response to pembrolizumab is
durable, even in patients of poor PS.

Earlier retrospective studies reported poor outcomes after
immune checkpoint inhibitors were prescribed for patients
of poor PS [7]. We previously reported the results of a mul-
ticenter, retrospective cohort study that investigated the
efficacy of immune checkpoint inhibitors as treatments for
NSCLC patients of poor PS [8]. In that work, poor PS was
significantly associated with reduced survival. However,
first-line pembrolizumab treatment in NSCLC patients of
PS 2 and a PD-L1 expression level > 50% (comparable to the
population of the current study) revealed a median PFS of
7.5 months and a 1-year PFS rate of approximately 20%. Our
current phase 2 study prospectively confirmed the reproduc-
ibility of our previous findings, demonstrating the efficacy
of pembrolizumab in NSCLC patients of PS 2 with a PD-L.1
expression level > 50%.

A previous prospective study (PePS2) investigated
the efficacy of pembrolizumab as treatment for advanced
NSCLC patients irrespective of the PD-L1 expression level
and the treatment line [9]. That study included only patients

of PS 2; the ORR was 47%, the PFS 12.6 months, and the
OS of 14.6 months for patients with PD-L1 expression lev-
els >50%. The results support the use of pembrolizumab for
NSCLC patients of PS 2 and PD-L1 expression levels >50%.

In the current study, irAEs were less frequent than previ-
ously reported for patients of good PS. However, one patient
developed fatal liver dysfunction (grade 5). The PePS2 study
included more than 100 patients of PS 2 treated with pem-
brolizumab, but did not report any grade 5 adverse event
[9]; thus, patients of PS 2 may not be at an increased risk of
fatal adverse effects on pembrolizumab treatment. However,
caution must be exercised when using the drug.

Although there were only two PS 3 patients in our study,
both evidenced poor outcomes (OS less than 2 months). In
our earlier, multicenter retrospective study of patients of
poor PS [8], those of PS 3 or higher had poor prognoses
despite high PD-L1 expression levels. Therefore, immune
checkpoint inhibitors should not be given to NSCLC patients
of PS 3 or higher, even those expressing high levels of
PD-L1.

One limitation of the current study is the primary end-
point. This was the ORR; the PFS would better indicate the
long-term efficacy of an ICI. The reason that we chose the
ORR is that we targeted patients of poor PS who might drop
out prior to determination of the PFS (e.g., on transfer to
a palliative care hospital). Therefore, we chose the ORR
(which can be determined quickly) as the primary endpoint.
This was met; we conclude that pembrolizumab induces a
promising tumor response. On the other hand, as the PFS
was only a secondary endpoint and as our sample size was
small, it is difficult to identify any long-term benefit of the
drug. Thus, we do not confirm a long-term response; we
rather speculate that this may exist. Further study is required
to confirm our findings in larger samples of NSCLC patients
of poor PS.

Conclusion

This phase II study demonstrated that pembrolizumab treat-
ment of previously untreated advanced NSCLC patients
with PS 2 or 3 and high PD-L1 expression produced a good
response. Given the poor outcomes of our PS 3 patients, the
drug is not indicated for such patients.
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