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Abstract

Purpose After approval of anti-programmed cell death (PD)-1 antibodies, treatment for non-small cell lung cancer (NSCLC)
has drastically changed. However, even in patients with favorable effects, therapeutic efficacy does not last long. Recently,
retreatment with anti-PD-1 antibody has received attention. The aim of this study was to evaluate the efficacy and safety of
retreatment with pembrolizumab in NSCLC patients previously treated with nivolumab.

Patients and methods We retrospectively reviewed NSCLC patients retreated with pembrolizumab who were previously
treated with nivolumab. We collected the following data: patient characteristics, number of cycles of nivolumab and pem-
brolizumab, treatment interval between nivolumab and pembrolizumab, best response, and immune-related adverse events.
Results Twelve patients were reviewed. The median number of cycles of nivolumab was 12.5 (range 2-32 cycles). Seven
patients (58.3%) achieved a partial response (PR) and two patients (16.7%) achieved stable disease (SD). Eight patients
(66.7%) received cytotoxic chemotherapy between nivolumab and pembrolizumab. The median number of cycles of chemo-
therapy treatment was 4 (range 1-9 cycles). The median number of cycles of pembrolizumab was 3.5 (range 1-17 cycles).
One patient (8.3%) achieved PR and four patients (33.3%) achieved SD as their best response to pembrolizumab. All patients
showing response to pembrolizumab had very high (>80%) tumor PD-Ligand 1 expression.

Conclusions This study suggested that retreatment with anti-PD-1 antibody is a reasonable option for selected NSCLC
patients.
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Introduction

Recently, cancer immunotherapy has received remarkable
attention, and the anti-programmed cell death (PD)-1 anti-
bodies nivolumab and pembrolizumab have shown great
success in multiple cancer types, including lung cancer.
The CheckMate 017/057 and Keynote 010 studies showed
a drastic advantage of nivolumab and pembrolizumab
over docetaxel, a cytotoxic chemotherapy and the current
standard of care for non-small cell lung cancer (NSCLC)
[1-3]. The Keynote 024 study also showed superiority of
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pembrolizumab compared to platinum doublet as a first-line
therapy [4]. On the basis of these studies, nivolumab and
pembrolizumab have been approved and are available in
the clinical setting for NSCLC patients in Japan. Immune
checkpoint inhibitors such as nivolumab and pembroli-
zumab achieve drastic effect; however, not all patients see a
response from immunotherapy, and those who gain no ben-
efits instead receive conventional cytotoxic chemotherapy.
Patients with disease progression after immune checkpoint
inhibitors also generally receive conventional cytotoxic
chemotherapy. The results of re-challenge of immune check-
point inhibitors are largely unknown. Retreatment with anti-
PD-1 antibodies in melanoma patients can re-establish dis-
ease control in selected patients [5, 6]. However, there are no
reports of sequential use of immune checkpoint inhibitors in
patients with NSCLC. The aim of this study was to evaluate
the efficacy and safety of retreatment with pembrolizumab
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in patients with advanced NSCLC previously treated with
nivolumab.

Patients and methods

This was a retrospective cohort study of NSCLC patients
retreated with pembrolizumab after treatment with
nivolumab at the National Hospital Organization Kyoto
Medical Center (600-bed hospital) between December
2015 and March 2018. Patients were selected on the basis
of the following two criteria: (1) pathologically confirmed
NSCLC, and (2) retreatment with pembrolizumab after treat-
ment with nivolumab. Patients received 2 mg/kg nivolumab
every 2 weeks and 200 mg/body pembrolizumab every 3
weeks. We collected the following data: baseline character-
istics, number of cycles of nivolumab and pembrolizumab,
treatment regimens and cycles between nivolumab and
pembrolizumab, best response to nivolumab and pembroli-
zumab therapy according to the Response Evaluation Crite-
ria in Solid Tumors version 1.1 criteria, and immune-related
adverse events (irAEs), which were assessed according to
Common Terminology Criteria for Adverse Events version
4.0. We used the specimens obtained at initial diagnosis for
evaluation of tumor PD-Ligand 1 expression by immunohis-
tochemistry 22C3 pharmDx (Agilent, CA, USA). This study
protocol was approved by the Ethical committee and the
Institutional Review Board of National Hospital Organiza-
tion Kyoto Medical Center.

Results
Patient characteristics

A total of 12 patients met the inclusion criteria. All patients
had received nivolumab as the first anti-PD-1 antibody treat-
ment, and pembrolizumab was administered to all patients
as retreatment with anti-PD-1 antibody. Patient characteris-
tics are shown in Table 1. The mean age at the induction of
nivolumab was 70.8 +£5.9 years. Of 12 patients, 7 had adeno-
carcinoma, and only 1 patient harbored an epidermal growth
factor receptor mutation. All tumors were positive for PD-L1
expression. Of 12 patients, 5 (41.7%) had high [tumor pro-
portion score (TPS) >50%] tumor PD-L1 expression and 7
patients (58.3%) had low (1% < TPS <50%) tumor PD-L1
expression. Outcomes between nivolumab and pembroli-
zumab treatment are shown in Table 2.

Outcomes after nivolumab treatment

Because nivolumab is approved for second- or later line
therapy, all patients receiving nivolumab had received
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Table 1 Patient characteristics

Patients characteristics n=12
Age (years) 70.8+£5.9
Sex (female/male) 4/8
Smoking history (years) 9 (75.0)
Body mass index (mg/m?) 20.5+£3.9
Histopathology

Adenocarcinoma 7 (58.3)

Squamous 3(25.0)

NOS 1(8.3)

Pleomorphic carcinoma 1(8.3)
Performance status (2<) 2 (16.7)
Driver mutations

EGFR mutation 1(8.3)
PD-L1 expression

TPS 50%< 6 (50.0)

1%<TPS <50% 6 (50.0)

<TPS 1% 0(0.0)
Clinical staging

Stage 3A 541.7)

Stage 3B 1(8.3)

Stage 4 6 (50.0)
Prior chemotherapy before nivolumab 2(14)

Data are shown number (%), mean+standard deviation or median
(range)

NOS not otherwise specified, EGFR epidermal growth factor recep-
tor, PD-LI programmed cell death ligand 1, TPS tumor proportion
score

cytotoxic chemotherapy before nivolumab induction. The
median number of regimens of cytotoxic chemotherapy
before nivolumab was 2 (range 1-4), and all patients had a
history of receiving platinum doublet chemotherapy.

The median cycles of nivolumab were 12.5 (range 2—-32
cycles), and the median progression-free survival (PFS)
was 6.2 months (range 2.8—13.7 months). Of 12 patients,
7 (58.3%) achieved a partial response (PR) and 2 (16.7%)
achieved stable disease (SD) as their best response. All
patients discontinued nivolumab because of disease
progression.

Treatment between nivolumab and pembrolizumab
administration

Eight of 12 patients (66.7%) received cytotoxic chemo-
therapy between nivolumab and pembrolizumab treatment.
Six of these patients (75.0%) received combination chemo-
therapy of docetaxel and ramucirumab. One patient received
palliative radiotherapy with 45 Gy. The median number of
cycles of treatment was 4 (range 1-9 cycles). Of 8 patients,
1 (12.5%) achieved PR and 4 (33.3%) achieved SD as their
best response.
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Table 2 Course of anti-PD-1 antibody therapy

Second pembrolizumab

PD-L1 expression

Treatment between first and second anti-PD-1 antibodies

First nivolumab

Best response

PFS (month)

22C3 pharmDx Cycles

Best response

Radiation

Best response  Treatment regimens  Cycles

PFS (month)

Cycles

SD
PR
SD
PD
SD
SD
PD
PD
PD
PD
NE

12.6

17
16

80%<
80%<

PR
PD
PR
PR
SD
PD
PR
PR
PR
PD
SD
PR

5.6

12
2
27

Case 1

12.1
1.4

3.1

5-10%
1-5%

1.0
13.3

Case 2

PD

DTX+RAM

Case 3

9.2

21

Case 4

1.6
5.4

4.2

1-24%
95%<

SD
PD
SD

DTX+RAM

2.8

7
2
13
32
6
7
13
16

Case 5

25-49%

DTX+RAM

6.6

Case 6

4

CBDCA +nabPTX

5.7
13.7

Case 7

23

50-60%
1-24%

Case 8

33

SD
SD
PR
PD

DTX+RAM

10.7

Case 9

1.2

70-79%
1-25%

75%

DTX+RAM

2.8

Case 10

45 Gy/18 Fr

6

DTX+RAM
GEM

59
6.5

Case 11

PD

1.7

Case 12

PD-1 programmed cell death-1, PFS progression-free survival, PR partial response, SD stable disease, PD progressive disease, NE not evaluated, DTX docetaxel, RAM ramucirumab, CBDCA

carboplatin, nabPTX nanoparticle albumin-bound paclitaxel, GEM gemcitabine

Table 3 Immune-related adverse events of anti-PD-1 antibody treat-
ment

First nivolumab Second pem-
brolizumab
Gl G2< Gl G2<
Rash 1 2 1 3
Infection 0 3 0 2
Elevation of liver enzyme 1 0 1 0
Fatigue 1 0 1 0
Interstitial pneumonia 1 2 1 2
Diarrhea 1 0 0 2
Fever 2 0 2 0
Hypothyroidism 0 1 0 1

Grade is shown in accordance with Common Terminology Criteria
for Adverse Events version 4.0

PD-1 programmed cell death-1

Outcomes after pembrolizumab treatment

The median number of cycles of pembrolizumab was 3.5
(range 1-17 cycles), and the median PFS was 3.1 months
(range 1.2—-12.6 months). Of 12 patients, 1 (8.3%) achieved
PR and 4 (33.3%) achieved SD as their best response. Six
(50.0%) patients showed no benefit from pembrolizumab. In
1 patient, best response and PFS were not evaluated because
of early death after pembrolizumab. Of 6 patients with high
PD-L1 expression (TPS >50%), 3 patients (50.0%) showed
response (PR/SD). Of 5 patients with low PD-L1 expression
(1% < TPS <50%), 2 patients (40.0%) showed response (SD).
All patients showing response (PR and SD) during pembroli-
zumab had very high (TPS >80%) tumor PD-L1 expression.

Profiles of immune-related adverse events
during first nivolumab and second pembrolizumab

IrAEs observed in patients receiving nivolumab and retreat-
ment with pembrolizumab are shown in Table 3. Skin rash,
infection, and interstitial pneumonia were most frequently
observed. Two patients suffered grade 3 infection and grade
3 interstitial pneumonia during nivolumab treatment, but
fully recovered after treatment for the irAEs. Two patients
had herpes zoster viral infection and one patient had a
methicillin-sensitive Staphylococcus aureus bloodstream
infection.

Discussion
Recent advancements in cancer immunotherapy for lung

cancer have provided valuable insight for the real world
clinical setting. Unfortunately, previous clinical trials show
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that not every patient receives benefits from immunotherapy
under the current circumstances. Clinicians can now use two
anti-PD-1 antibodies, nivolumab and pembrolizumab, for the
treatment of patients with NSCLC. However, whether anti-
PD-1 antibodies have benefit as retreatment has not been
examined.

In this study, 5 of 12 patients (41.7%) had disease sta-
bilization during retreatment with pembrolizumab after
treatment with nivolumab. This suggests that retreatment
with anti-PD-1 antibodies could provide clinical benefit in
selected patients, although it remains important to determine
in which patients the retreatment might be effective.

In a previous report of melanoma patients, the response to
the first anti-PD-1 antibody was suggested to be one of the
parameters related to efficacy of retreatment [5]. In another
report of patients with melanoma, PFS after the first anti-
PD-1 treatment was a predictive factor of the efficacy of
anti-PD-1 antibody retreatment [6]. The authors also men-
tioned the importance of the sequence of therapies [5, 6].
Immune checkpoint inhibitors tended to be more effective in
melanoma patients with a history of receiving anti-cytotoxic
T-lymphocyte antigen (CTLA)-4 antibody or radiation ther-
apy. However, in our patients, the duration of PFS associated
with nivolumab and treatment regimens between nivolumab
and pembrolizumab administration showed no relation to
the efficacy of pembrolizumab. Moreover, cytotoxic chem-
otherapy and radiation therapy between nivolumab and
pembrolizumab administration did not affect the efficacy of
pembrolizumab. Because previous studies examined mela-
noma patients, these results will not necessarily apply to
lung cancer patients. Recently, it has been shown that radia-
tion therapy plus immunotherapy has synergistic effects [7],
known as “abscopal effects.” To evaluate the relationship
between radiation therapy and immunotherapy, more large-
scale studies should be conducted. Because other immune
checkpoint inhibitors, such as anti-CTLA-4 antibody, are not
used in lung cancer patients, it is unclear whether another
immunotherapy affects the efficacy of retreatment with anti-
PD-1 antibodies. This should also be evaluated in future
studies.

PD-L1 expression is one of the biomarkers for predict-
ing anti-PD-1 antibody efficacy. In previous large clinical
trials, patients with high (TPS >50%) PD-L1 expression
showed a favorable response [3, 4]. PD-L1 expression is
now used as a companion diagnostic test in clinical set-
tings as a predictive indicator of therapeutic efficacy to
anti-PD-1 antibodies. In our study, all three patients with
very high (TPS >80%) PD-L1 expression showed efficacy
of retreatment with pembrolizumab. Patients with very high
(TPS >80%) PD-L1 expression may receive benefit of anti-
PD-1 antibody retreatment.

Our study raises the question of why the sequential use
of anti-PD-1 antibodies shows benefit for selected patients.
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Answering this question remains difficult; however, some
hypotheses have been suggested. Nivolumab and pembroli-
zumab are known to have different affinities for recombinant
human PD-1 [8]. Pembrolizumab has higher affinity than does
nivolumab, although it has recently shown that the two anti-
PD-1 antibodies partially share a three-dimensional shape and
mechanism, and are highly similar when interacting with PD-1
[9]. The two drugs have different dosages and administration
intervals (nivolumab 2 mg/kg every 2 weeks versus pembroli-
zumab 200 mg/body fixed every 3 weeks) in the clinical set-
ting. This difference may affect the therapeutic efficacy.

There are some limitations in this study. First, our study
was retrospective and included a small sample size, which
made statistical analysis difficult. Second, the timing and regi-
mens prior to nivolumab treatment and between nivolumab
and pembrolizumab treatment were chosen by the attending
doctors, and therefore not standardized between patients. The
selection of these chemotherapies might affect sequential anti-
PD-1 antibody treatment. Third, we did not re-biopsy before
pembrolizumab treatment, and tumor PD-L1 expression was
only analyzed using the specimens taken at initial diagnosis.
Therefore, the PD-L1 expression does not reflect the effect of
the treatment with cytotoxic chemotherapy before nivolumab
and between nivolumab and pembrolizumab.

In conclusion, we experienced 12 patients with NSCLC
previously treated with nivolumab who were challenged to
retreatment with pembrolizumab. Only selected patients
received benefits of retreatment. Very high (TPS >80%)
PD-L1 expression might be an indicator for anti-PD-1 anti-
body retreatment.
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