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Background: Nivolumab, a programmed death 1 (PD-1) immune checkpoint inhibitor, has
been shown to improve survival in non-small cell lung cancer (NSCLC). The possible
involvement of PD-1 axis in the pathogenesis of inflammatory lung disease, such as chronic
obstructive pulmonary disease (COPD) has also been reported. However, effects of PD-1
blockade on the respiratory system remain unknown.

Objectives: This prospective study aimed to investigate whether inhibition of the PD-1 axis
altered lung inflammation and pulmonary function in NSCLC patients with and without
COPD.

Method: This was a prospective multi-center study. Measurements of fractioned exhaled
nitric oxide (FeNO) and pulmonary function were performed before and after 4 cycles of
nivolumab therapy.

Results: A total of 137 patients with NSCLC were initially enrolled, and subsequently 95
patients (41 COPD and 54 non-COPD) receiving 4 cycles of nivolumab administration were
included. After anti-PD-1 therapy, FeNO levels were significantly elevated together with
increase in peripheral eosinophils. Interestingly, significant FeNO elevation was only found
in COPD patients without increased peripheral eosinophils, but this was not the case in non-
COPD patients. Additionally, COPD patients exhibited significant increases in FVC and
FEV; but no changes in dyspnea scales, and acute exacerbation did not occur during the
therapy.

Conclusion: Our observations suggest that anti-PD-1 therapy changed FeNO levels and
pulmonary function in NSCLC patients. This therapy does not worsen COPD in terms of
symptoms, pulmonary function, or acute exacerbation.

Keywords: immune checkpoint inhibitor, programmed death 1, PD-1, non-small cell lung
cancer, NSCLC, chronic obstructive pulmonary disease, COPD

Introduction

Immune checkpoint inhibition targeting the programmed death-1 (PD-1) axis has
been shown to improve survival in advanced non-small cell lung cancer (NSCLC)
patients,' © and such immunotherapy is now a new paradigm for the treatment of
NSCLC. The PD-1 pathway is one of various immune escape mechanisms. The PD-1
receptor expressed on activated T cells is engaged by ligands PD-L1 and PD-L2,
which are expressed by tumor cells and infiltrating immune cells.” Binding of PD-1 to
its ligands on tumor cells strongly suppresses T cells through a negative feedback
loop, leading to immune evasion and the development of cancer.®* '® Thus, blocking
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PD-1 signals restores anti-tumor immunity, resulting in
prolonged survival in advanced NSCLC patients.'©

As well as the desired anti-tumor effects achieved by
activating the immune system, blocking the PD-1 axis has
inflammatory side effects in a variety of organs, termed
immune-related adverse events (ir-AE), such as thyroiditis,
diabetes,

pneumonitis.'"' The immunoregulatory roles of immune

hypophysitis,  colitis, autoimmune and
checkpoints are essential for immune system function
even in healthy individuals, as they prevent excessive
immune responses and maintain immune homeostasis.”*'
By virtue of its role in the immune system, the PD-1 axis
is also involved in various inflammatory lung diseases
including chronic obstructive pulmonary disease (COPD)
and bronchial asthma.'*'*

COPD is characterized by chronic inflammatory disease
with obstructive pulmonary defects, and is most common
comorbidity in patients with NSCLC." In COPD patients,
overexpression of PD-1 in CD4", CDS8’, and regulatory
T cells, and impaired PD-L1 expression in macrophages and
dendritic cells in the lung have been reported,'>' " suggest-
ing that the PD-1-PD-L1 axis plays a role in its pathogenesis.
Therefore, it has been hypothesized that further inhibition of
the impaired PD-1-PD-L1 axis in COPD patients may increase
airway inflammation and consequently promote disease
progression.”'** Thus, understanding immune checkpoint
biology in COPD is a new and potentially interesting field.>"**
Moreover, it is clinically important to clarify the effects of
immune checkpoint inhibition on lung inflammation and phy-
siology in COPD patients.

In practice, as non-invasive methods for assessing lung
inflammation and pulmonary function, spirometry and fraction
of exhaled nitric oxide (FeNO) are widely used. The levels of
FeNO surrogate type2 airway inflammation that regulated by
IL-4 and IL-13 through STAT6 pathway, thus measurements
of FeNO is used for diagnosis, prediction of inhaled corticos-
teroid (ICS) responsiveness, airway hyperresponsiveness and
also monitoring type2 airway inflammation in asthmatics.”®
Importantly, type 2 airway inflammations were involved not
only in asthmatics. Significant proportions of patients with
asthma and/or COPD comprise features of both asthma and
COPD that namely Asthma-COPD Overlap (ACO).** The
levels of FeNO in COPD patients were reported to range
between healthy individuals and asthmatic,> and were also
shown to predict response to ICS.**® Additionally, T-helper2
(Th2)
microenvironments.”> Thus we hypothesized that anti-PD-1

immunity is known to participate in tumor

therapy might alter FeNO levels and pulmonary function tests

(PFTs) via modifying type 2 airway inflammation and tumor
microenvironments. Therefore, using these measurements, the
current prospective study investigated whether anti-PD-1 ther-
apy altered lung inflammation and pulmonary function in
NSCLC patients with and without COPD.

Methods

Ethical approval of the study protocol
The present study was a multicenter prospective study con-
ducted in accordance with the Declaration of Helsinki. The
study protocol was approved by the ethics committee of
each participating institutions; Hamamatsu University
School of Medicine, Iwata City Hospital, Shizuoka City
Shizuoka Hospital, Seirei-Mikatahara Hospital, Shizuoka
General Hospital, Shizuoka Saiseikai Hospital, Enshu
Hospital, Shizuoka Red Cross Hospital, Fujieda City
Hospital, Hamamatsu Rosai Hospital, Shizuoka City
Shimizu Hospital, and Tenryu Hospital, and was carried
out in accordance with approved guideline. Written
informed consent was obtained from all subjects in accor-
dance with institutional guidelines. The study was regis-
tered in the University Hospital Medical Information
Network in Japan (UMIN000021548). The study is regis-
tered in the University Hospital Medical Information
Network in Japan (http://www.umin.ac.jp/ctr/index-j.htm).
UMINO000021548.

Patients

Eligible patients had documented pathologically confirmed
stage IIIB, stage IV, or unresectable stage IIIA NSCLC, or
recurrent NSCLC after surgical resection, and had disease
recurrence or progression during or after one prior systematic
chemotherapy regimen. Patients were required to be aged
more than 20 years and have an Eastern Cooperative
Oncology Group performance status (ECOG) of 0, 1, or 2.
Patients with treated, stable brain metastases were eligible.
Additional eligibility criteria included adequate hematopoie-
tic, hepatic, and renal function. Exclusion criteria were auto-
immune disease, interstitial lung disease, systemic
immunosuppression, concomitant chest radiotherapy, and
prior treatment with checkpoint-targeting agents. Diagnoses
and classifications of COPD were made in accordance with
GOLD criteria, which is based on post-bronchodilator baseline
lung function.®® Acute exacerbation of COPD (AE-COPD)
was defined using the GOLD criteria, that is, a worsening of

respiratory symptoms for two consecutive days or more.*’
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Study design

Patients received nivolumab at a dose of 3 mg/kg of body
weight every 2 weeks. Before and after 4 cycles of nivo-
lumab administration, FeNO measurement, PFTs, and

blood analyses were performed.

Evaluation of responses and toxicity

Tumor responses were evaluated with reference to the
computed tomography findings that had initially been
used to define tumor extent. Responses were evaluated in
accordance with the Response Evaluation Criteria in Solid
Tumor version 1.1. Adverse events were graded using the
National Cancer Institute Common Terminology Criteria

for Adverse Events (version 4.0).

FeNO measurement and PFTs

The measurement of FeNO and PFTs were performed on
the same day, and spirometry was performed after FeNO
measurement in order to avoid any influence of forced
breathing. Short-acting B2 agonists were not withheld for
at least 12 hrs prior to these tests. All subjects also
abstained from food and coffee for 2 hrs prior to the
tests, and from alcohol for 12 hrs prior to the tests.
FeNO was measured using the commercially available
NIOX-VERO analyzer (Aerocrine, Solna, Sweden), in
accordance with American Thoracic Society/European
Respiratory Society recommendations.>’ PFTs were per-
formed in accordance with the Japanese Respiratory

Society guidelines.*?

Modified medical research council

questionnaire and COPD assessment test
The Modified Medical Research Council (mMRC)
questionaire® and the COPD Assessment Test (CAT)™
(Japanese version, supplied by GlaxoSmithKline, Japan)
were used to evaluate dyspnea in daily living. The mMRC
questionnaire utilizes a 5-point scale, and patients are asked
to rate dyspnea from O (absent) to 4 (dyspnea when dres-
sing/undressing). The CAT consists of 8 items (cough,
phlegm, chest tightness, breathlessness going up hills/stairs,
activity limitations at home, confidence leaving home,
sleep, and energy) that are used to assess and quantify
COPD symptoms and their relative impacts on the patient.
Each item is scored from 0-5, resulting a total score ranging
from O (best health status) to 40 (worst health status).

PD-LI expression

PD-L1 expression was assessed in formalin-fixed tumor
samples derived from tumor-biopsy specimens at the time
of NSCLC diagnosis in 69 patients, using the commer-
cially available PD-1 IHC 22C3 pharmDx assay kit (Dako,
North America) on tumor-biopsy specimens at the time of
NSCLC diagnosis. Samples were categorized as 0 (<1%),
I+ (1% and <5%), 2+ (=5% and <50%), or
3+ (>50%) based on a section that included at least 100
tumor cells that could be evaluated.'*

Statistical analysis

Discrete variables are expressed as counts and percentages,
and continuous variables are expressed as means + standard
deviation, unless otherwise specified. The Wilcoxon
matched-pairs signed rank test and Mann-Whitney test
were used for matched and unmatched continuous variables,
respectively. Statistical analyses were performed using
GraphPad Prism Version 6 (GraphPad Software, San
Diego, CA, USA) and SPSS Statistics (IBM Corporation,
Armonk, NY, USA) software. All analyses were two-tailed,
and p<0.05 was considered statistically significant.

Results

Clinical characteristics
A total of 137 patients were enrolled in the study, from April
2016 to March 2018. Of these, 42 discontinued treatment prior
to completing 4 cycles of nivolumab, 27 exhibited disease
progression, 14 experienced adverse events (7 pneumonitis,
2 colitis, 1 hypothyroidism, 1 increased creatinine, 1 rash
acneiform, 1 pulmonary hemorrhage, | myositis), and 1
requested that the treatment be discontinued (Figure 1). The
remaining 95 patients received nivolumab more than 4 cycles.
Of these 95 NSCLC patients, FeNO was measured in 85
before and after 4 cycles of nivolumab treatment, and spiro-
metry tests were performed in 90 before and after 4 cycles.
The clinical characteristics of the 95 NSCLC patients who
received 4 cycles of nivolumab are shown in Table 1. The
median age at enrolment was 69 years (range 4083 years),
and 74 patients (77.9%) were male. Sixty-nine (72.6%) had
stage IV NSCLC, and 15 (15.8%) had stage IIIB. Sixty percent
were diagnosed with adenocarcinoma, including 6 with epi-
dermal growth factor receptor mutations. Of the 95 patients
with NSCLC, 57 (60.0%) had concomitant disease. COPD
was the most common (41, 43.2%), followed by hypertension
(23, 24.2%), and 3 (3.2%) had bronchial asthma (two in
COPD subgroup and one in non-COPD subgroup). Among
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137 enrolments treated with nivolumab

42 discontinued prior to 4 Cy
27 progression disease
14 adverse event
1 patient's decision

95 treated with nivoulmab more than 4Cy

FeNO analyses

10 excluded
10 data defects

85 analysed

Figure | Study profile.

41 COPD patients, eight patients were treated with long-acting
2 agonist (LABA) + long-acting muscarinic agonist (LAMA)
combinations, and 4 with LAMA, whereas ICS, ICS+LABA
combinations, ICS+LABA+LAMA were administered with
one patients respectively. Among the 69 patients in which
PD-L1 expression was assessed, in 23 (24.2%) more than
5% of tumor cells exhibited PD-L1 expression, while no
PD-L1 expression was observed in 37 patients (38.9%).
After 4 cycles of nivolumab treatment, 29 patients exhibited
partial responses (PR), 30 exhibited stable disease (SD), and
36 exhibited progressive disease (PD).

Similar to typical COPD patients without lung cancer,
NSCLC patients with COPD were significantly higher propor-
tions of gender male (p=0.0026) and smokers (former and
current, p=0.0027). However, there were no significant differ-
ences in comorbidities, NSCLC stage, histology or PD-L1

PFT analyses

5 excluded
5 data defects

90 analysed

expressions. The response rate (PR+SD) tended to be higher
in NSCLC patients with COPD than those with non-COPD
(75.0% vs 53.7%, p=0.0586).

Effects of anti-PD-1| therapy on FeNo,
pulmonary function, dyspnea, and

peripheral blood parameters

After nivolumab therapy, FeNO levels were significantly
increased (21.5+£14.7 ppb to 25.2+16.8 ppb, p=0.0242)
(Figure 2A). Nivolumab therapy changed FeNO levels by
more than 10 ppb in 23 patients (24.2%) during the course
of treatment (Figure 2B). In contrast, there were no sig-
nificant differences in PFT results, mMRC questionnaire
scores, or CAT scores before and after the nivolumab
therapy. There were significant increases in eosinophil
counts and percentages during the therapy (Table 2), but
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Table | Clinical characteristics of 95 patients with NSCLC

ALL cases (n=95) COPD (n=41) non-COPD (n=54)

Age, yr 69 (65-74%) 69 (67-73%) 69 (63-75%)
Sex

Male 74 (77.9%) 38 (92.7%) 36 (66.7%)

Female 21 (22.1%) 3 (7.3%) 18 (33.3%)
Observation 56 (51-58%) 56 (51-58%) 56 (51-58%)
Smoking status

Never smoker 17 (17.9%) 0 (%) 17 (31.5%)

Former smoker 69 (72.6%) 36 (87.8%) 33 (61.1%)

Current smoker 9 (9.5%) 5 (12.2%) 4 (7.4%)
Comorbidity

COPD 41 (43.2%) - -

Hypertension 23 (24.2%) 8 (19.5%) 15 (27.8%)

Cardiovascular disease 9 (9.5%) 4 (9.8) 5 (9.3%)

Cerebrovascular disease 7 (7.4%) 3 (7.3%) 4 (7.4%)

Digestive ulcer 6 (6.3%) 2 (4.9%) 4 (7.4%)

Bronchial asthma 332 2 (4.9%) 1 (1.9%)
GOLD stage, I/lI/NI/IV Il (26.8%) 21 (51.2%)/ 7 (17.1%)/ 2 (4.9%)

Performance status at enrollment
0

63 (66.3%)

26 (63.4%)

37 (68.5%)

| 31 (32.6%) 15 (36.6%) 16 (29.6%)
2 I (1.1%) 0 (0%) 1 (1.9%)
Stage
A 6 (6.3%) 4 (9.8%) 2 (3.7%)
B 15 (15.8%) 9 (22.0%) 6 (11.1%)
v 69 (72.6%) 25 (61.0%) 44 (81.5%)
Recurrent 5 (5.3%) 3 (7.3%) 2 (3.7%)
Histology
Adenocarcinoma 57 (60.0%) 24 (58.5%) 33 (61.1%)
Squarmaous cell carcinoma 36 (37.9%) 17 (41.5%) 19 (35.2%)
Other 2 (2.1%) 0 (0%) 2 (3.7%)
PD-LI expression
250% 8 (8.4%) 3 (7.3%) 5(9.3%)
25% and <50% 15 (15.8%) 6 (14.6%) 9 (16.7%)
21% and <5% 9 (9.5%) 4 (9.8%) 5(9.3%)
<1% 37 (38.9%) 14 (34.1%) 23 (42.6%)
Not examined 26 (27.4%) 14 (34.1%) 12 (22.2%)
EGFR mutation status
Wild type 73 (76.8%) 29 (70.7%) 44 (81.5%)
Positive mutation 6 (6.3%) 2 (4.9%) 4 (7.4%)
Not examined 16 (16.8%) 10 (24.4%) 6 (11.1%)
ALK fusion gene
Negative 73 (76.8%) 29 (70.7%) 44 (81.5%)
Positive 0 (0%) 0 (0%) 0 (0%)
Not examined 22 (23.2%) 12 (29.3%) 10 (18.5%)
(Continued)
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Table | (Continued).

ALL cases (n=95) COPD (n=41) non-COPD (n=54)

Number of prior systematic regimens

| 43 (45.3%) 20 (48.8%) 23 (42.6%)

2 25 (26.3%) 12 (29.3%) 13 (24.1%)

3 10 (10.5%) 2 (4.9%) 8 (14.8%)

24 17 (17.9%) 7 (17.1%) 10 (18.5%)
Efficacy of 4Cy treatment of nivolumab

PR 29 (30.5%) 16 (39.0%) 13 (24.1%)

SD 30 (31.6%) 14 (34.1%) 16 (29.6%)

PD 36 (37.9%) 11 (26.8%) 25 (46.3%)

Note: *Median and interquartile range.

Abbreviations: COPD, chronic obstructive pulmonary disease; PD-LI, programmed death ligand |; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma

kinase; PR, partial response; SD, stable disease; PD, progressive disease.

there were no significant changes in other leukocytes, IgE,
or CRP.

Effects of anti-PD-1| therapy in patients
with COPD

Involvement of the PD-1 axis in COPD has recently been

reported, >’

suggesting the possibility that blocking the PD-
1 axis may enhance lung inflammation in COPD patients,
resulting in the deterioration of pulmonary physiology.

However, this possibility has not yet been explored.

A B
P=0.0242
100 = 100 =
(o)
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= _ 50 =
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Zz 50+ @]
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Figure 2 FeNO levels before and after four cycles of nivolumab treatment. (A)
FeNO levels before (filled circle) and after (unfilled circle) 4 cycles of nivolumab
treatment. (B) Differences in FeNO levels before and after 4 cycles of nivolumab.

Therefore, we selected 41 COPD patients from the cohort in
the current study and evaluated changes in FeNO, spirometry
parameters, and differential leukocyte counts in these patients,
and compared the results to those derived from non-COPD
patients. The characteristics of these COPD patients are shown
in Table 1. Interestingly, although there was no significant
change in FeNO in non-COPD patients after the therapy,
COPD patients exhibited a significant increase in FeNO
(Figure 3A and B). Nivolumab administration significantly
increased FVC and FEV; in COPD patients, but not in non-
COPD patients (Table 3). There were no significant changes in
mMRC questionnaire scores or CAT scores after the therapy in
COPD patients or non-COPD patients. In COPD patients there
were no significant differences in differential leukocyte
counts, whereas the numbers and percentages of eosinophils
were significantly increased in non-COPD patients (Table 3).
Importantly, no AE-COPD was observed during the treatment.

Safety

The major adverse events observed during the study are
listed in Table 4. Seven patients experienced ir-AE, and
hypothyroidism was most common. Myositis, type I dia-
betes mellitus, hyperthyroidism, and adrenal insufficiency
were also observed. Four patients developed severe diar-
rhea, and 6 exhibited interstitial lung disease. There were 4
cases of lung infection, including two COPD patients with
obstructive pneumonia due to disease progression.

Discussion

The present study prospectively investigated the effects of
anti-PD-1 therapy on lung inflammation and pulmonary
function in patients with NSCLC. In all subjects, after 4
cycles of nivolumab administration, FeNO levels were
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Table 2 Peripheral blood analyses before and after 4 cycles of nivolumab therapy in NSCLC patients with or without combined

COPD
All cases (n=95) COPD cases (n=41) non-COPD cases (n=54)
Baseline After p-value | Baseline After p-value | Baseline After p-value
WBC (/mm?) 6368 (3745) | 6248 (2146) | 0.7207 5882 (1722) [ 5990 (1680) | 0.5528 6781 (4757) | 6448 (2445) | 0.9283
Neut (/mm?) 4446 (3324) | 4236 (1941) | 0.1199 3947 (1370) | 4003 (1495) | 0.6168 4861 (4255) | 4416 (2223) | 0.7188
Neut (%) 68.0 (9.7) 66.1 (11.8) 0.9342 66.6 (10.5) 65.5 (10.9) 0.4018 69.1 (9.1) 66.5 (12.5) 0.1749
Ly (/mm?) 1208 (555) 1296 (659) 0.1634 1237 (520) 1277 (593) 0.6628 1190 (589) 1311 (711) 0.2709
Ly (%) 20.3 (8.1) 22.1 (10.5) 0.2376 21.7 (8.5) 226 (10.1) 0.4701 19.1 (7.6) 21.8 (10.8) 0.1901
Eo (/mm’) 171 (214) 229 (164) 0.0010 208 (289) 233 (l61) 0.1116 142 (129) 226 (168) 0.0010
Eo (%) 2.8 (24) 3.8 (2.5) 0.0005 32 (29) 3.9 (2.6) 0.1307 24 (1.9) 3.6 (2.5) 0.0018
Ba (/mm?) 39 (46) 38% 0.1590 35 (28) 34 (24) 0.9813 43 (56) 41 (27) 0.1836
Ba (%) 0.61 (0.52) 0.63 (0.38) 0.2826 0.60 (0.43) 0.58 (0.37) 0.6708 0.62 (0.59) 0.68 (0.39) 0.0429
Mo (/mm?) 463 (247) 466 (254) 0.7007 | 434 (200) 444 (183) 0.5550 488 (278) 483 (298) 0.4805
Mo (%) 7.6 (34) 7.8 (44) 0.8240 7.6 (3.2) 7.5 (2.3) 0.9258 7.7 (3.6) 8.1 (5.6) 0.7431
IgE (IU/L) (n75) | 179.8(253.0) | 187.9 (236.8) | 0.1889 185.6 (205.6) | 217.4 (224.5) | 0.1335 174.1 (294.7) | 159.1 (247.9) | 0.7007
CRP (mg/dl) 1.67 (3.04) 1.30 (1.59) 0.1424 1.32 (2.08) 1.07 (1.95) 0.2182 1.95 (3.63) 1.48 (3.00 0.3856
ESR (mm) (n75) | 48.4 (29.2) 42.2 (25.9) 0.0365 45.6 (30.4) 383 (23.1) 0.1918 50.9 (28.3) 45.6 (27.9) 0.1182
ESR (mm) (n58) | 70.8 (29.2) 65.1 (27.2) 0.2159 68.3 (30.9) 62.4 (23.6) 0.2343 73.1 (28.1) 67.4 (30.2) 0.5396
A B
P=0.0070
—
100 = ;\ 100 =
o)
e
o
75 =
o
o) S 50+
Q Q
e e
© 504 S
(O] 0]
L L
< 10 =f---
0=
25 - -10 9
(o)
(e)
0 -50

L] | |
Baseline After

L]
Baseline After

1 1
COPD Non-COPD

COPD (n=37)

(n=37) (n=48)

Non-COPD (n=48)

Figure 3 FeNO levels before and after four cycles of nivolumab treatment in patients with or without comorbid COPD. (A) FeNO levels before (filled circle) and after
(unfilled circle) 4 cycles of nivolumab treatment in COPD and non-COPD patients. (B) Differences in FeNO levels before and after 4 cycles of nivolumab in COPD and non-

COPD patients.

significantly elevated with increased peripheral eosino-
phils. Interestingly, significant elevation of FeNO was
only found in COPD patients without increased peripheral
eosinophils, but not in non-COPD patients. In addition,

COPD patients exhibited significant increases in FVC and

FEV,, and no AE-COPDs occurred during the therapy.
The present study is the first to examine clinical implica-
tions of anti-PD-1 therapy in the respiratory system, and
suggests the possibility that this therapy does not worsen
COPD.
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Table 3 Pulmonary function tests before and after 4 cycles of nivolumab therapy in NSCLC patients with or without combined COPD

All cases (n=90) COPD cases (n=40) non-COPD cases (n=50)

Baseline After p-value | Baseline After p-value | Baseline After p-value
FVC (L) 2.79 (0.73) 2.80 (0.74) 0.4446 2.89 (0.84) 2.98 (0.80) 0.0451 2.70 (0.63) 2.66 (0.66) 0.4665
FVC (% pred) 87.2 (21.5) 87.6 (21.1) 0.4639 86.8 (22.7) 89.1 (20.9) 0.0635 87.6 (20.7) 86.4 (21.4) 0.4696
FEV o (L) 1.95 (0.54) 1.96 (0.54) 0.4942 1.77 (0.58) 1.84 (0.59) 0.0350 2.09 (0.46) 2.05 (0.48) 0.2753
FEV o (% pred) | 87.5 (21.9) 87.9 (21.6) 0.4665 69.4 (21.1) 71.2 (19.9) 0.0993 87.3 (22.0) 86.0 (24.3) 0.3097
FEV, o/FVC % 70.2 (11.5) 70.8 (12.2) 0.6057 60.6 (8.6) 62.2 (11.0) 0.2004 77.9 (6.9) 77.7 (8.1) 0.6028
SpO2 (%) 96.9 (1.7) 96.6 (1.7) 0.2433 96.3 (2.2) 96.4 (1.7) 0.6215 97.2 (1.2) 96.7 (1.6) 0.0861
mMRC 0.9 (1.0 0.9 (1.0 0.8602 1.2 (I.1) 0.9 (1.0) 0.0918 0.7 (0.9) 0.8 (I.1) 0.1934
CAT 8.3 (6.6) 82 (7.1) 0.7304 9.8 (7.4) 8.7 (7.0) 0.3005 7.2 (5.5) 78 (7.2) 0.5747

All cases (n=57) COPD cases (n=26) non-COPD cases (n=31)
FRC (L) 3.01 (0.81) 2.99 (0.81) 0.7317 3.27 (0.85) 3.30 (0.94) 0.9631 2.78 (0.70) 2.73 (0.59) 0.5595
FRC (% pred) 94.4 (25.5) 93.3 (25.7) 0.6040 91.0 (24.6) 90.5 (24.8) 0.7501 97.2 (26.4) 95.7 (26.5) 0.6461
RV (L) 1.96 (0.55) 1.91 (0.62) 0.2403 2.12 (0.54) 2.14 (0.73) 0.8940 1.83 (0.53) 1.72 (0.41) 0.1559
RV (% pred) 116.6 (29.6) | 113.2 (344) [ 0.1219 124.8 (29.1) | 125.4 (41.4) | 0.6348 109.7 (28.6) | 102.9 (23.4) | 0.1156
TLC (L) 4.87 (1.15) 4.83 (1.13) 0.7192 5.20 (1.29) 5.28 (1.29) 0.4265 4.60 (0.98) 4.45 (0.81) 0.2184
TLC (% pred) 97.6 (20.2) 96.5 (20.1) 0.4425 98.4 (22.4) 99.3 (224) 0.8564 96.9 (18.4) 94.1 (18.0) 0.1962
RVITLC (%) 40.3 (6.8) 39.7 (82) 0.3541 41.1 (6.2) 40.5 (8.2) 0.4578 39.6 (7.3) 39.1 (84) 0.5422
%DLCO 76.8 (27.5) 77.5 (23.6) 0.5046 69.8 (26.7) 724 (24.7) 0.2221 82.7 (27.2) 81.8 (22.0) 0.7942

Abbreviations: FVC, forced vital capacity; FEV,, forced expiratory volume in 1.0 second; FRC, functional residual capacity; RV, residual volume; TLC, total lung capacity;
DLCO, diffusing capacity of the lung for carbon monoxide; VA, alveolar volume; mMRC, modified Medical Research Council; CAT, COPD assessment test.

FeNO is widely considered to be a useful biomarker of
3637 Following the up-
regulation of Th2 inflammatory cytokines IL-13 and IL-4,

NO is excreted from the epithelium of the lower airway.

airway inflammation in asthmatics.

Thus, FeNO is thought to reflect Th2 airway inflammation.
In the present study, based on assessments in all subjects,
FeNO levels were significantly elevated after the therapy.
However, elevation was only evident in COPD patients, not
in non-COPD patients. We hypothesized that Th2-dominant
inflammation may be augmented in the lungs of COPD
patients after anti-PD-1 therapy. However, there were no
increases in peripheral eosinophil counts or serum IgE,
suggesting that at least in terms of systemic immunity,
anti-PD-1 therapy did not augment Th2-dominant immune
responses in COPD patients. The fact that anti-PD-1 ther-
apy only raised FeNO levels in COPD patients is intriguing,
but the precise reason is unclear. Recent studies have shown
that FeNO is also increased in non-Th2 inflammatory con-
ditions such as hypersensitivity pneumonitis,>® pulmonary
tuberculosis,*® and some viral infections,*” in which major
sources of NO are thought to be macrophages and other
immune competing cells expressing high levels of inducible
nitric oxide synthase (iNOS). Thus, it may be that anti-PD-1
therapy enhances non-Th2 inflammation in the lungs of
COPD patients, resulting in FeNO elevation. In the present

study however, we did not assess lung inflammation using
BAL or lung biopsy. Further studies incorporating such
assessments will clarify these points.

Patients with COPD are susceptible to viral infections
that causes disease exacerbations.*' In addition, the pre-
sence of COPD was associated with poor prognosis in
patients with NSCLC**** Recent advances unveiled
underlying mechanisms for these rationales, which is
immune dysregulation in COPD. In the lungs of COPD,
abundant numbers of exhausted PD-1 expressing CTL
(cytotoxic T cells) together with immunosuppressive reg-
ulatory T cells and myeloid-derived suppressor cells were
accumulated. These exhausted T cells with immune-regu-
latory cells are supposed to play a role in deteriorating
COPD through cytotoxic immune dysfunction and aber-
rant immune regulation, such as impaired anti-viral and
anti-tumor response.'>! 744 Interestingly, this study
showed that patients with COPD tended to show higher
response rate (PR+SD) than those with non-COPD
patients (75.0% vs 53.7%, p=0.0586). Aditionally, the
present study indicated that anti-PD-1 therapy significantly
increased FVC and FEV| in COPD patients, but not in
non-COPD patients. Possibly, anti-PD-1 therapy might
ameliorate such immune dysfunction in COPD, although
future studies using lung tissues or BAL will be needed to
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Table 4 Adverse events during the nivolumab therapy

All cases | COPD non-COPD
(n=95) (n=41) (n=54)
Haematologic toxicity
Leucopenia 2 (0)* 1 (0) I (0)
Neutropenia 2 (0) - 2 (0)
Anemia 10 (0) 3 (0) 7 (0)
Thrombocytopenia 2 (0) - 2 (0)
Non-haematologic toxicity
ALT/AST increased 4(2) 1 () 3()
Bilirubin increased 1 (0) - 1 (0)
Creatinie increased 4 (0) 1 (0) 3(0)
Nausea/Appetite loss 5() - 5()
Constipation 2 (0) - 2 (0)
Diarrhea 74 3(2) 4(2)
Fatigue 8 (0) 3 (0) 5 (0)
Dysgeusia 1 (0) 1 (0) -
Rash acneiform 4 (1) 2 (0) 2 (1)
Dry skin 3(0) I (0) 2 (0)
Pneumonitis 6 (0) 3 (0) 3 (0)
Lung infection 43 2(2) 2(1)
Haemoptysis 1 (0) - 1 (0)
Thromboembolic events | | (0) - 1 (0)
Hyperglycemia 1 () - 1(1)
Immune-rerated Adverse
Events
Myositis (1) - I (1)
Type | Diabets Mellitus, | 1 (1) - 1(1)
Hyperglycemia
Hyperthyroidism I (1) 1 (1) -
Hypothyroidism 3(l) 3(1) -
Adrenal insufficiency 1 (0) 1 (0) -

Note: *Any (Grade 2 Ill).

confirm this hypothesis. Increases in FVC and FEV, were
marginal less than 4% (0.09 L and 0.07L, respectively),
and could be considered clinically unsubstantial, but the
most important point is that anti-PD-1 therapy did not
worsen pulmonary function in COPD patients. Dyspnea
was also subjectively assessed via the mMRC question-
naire and the CAT, and there were no significant changes
in either of the resulting scores. In addition, no AE-
COPDs occurred during the therapy. These observations
suggest that anti-PD-1 therapy does not worsen COPD,
despite increased FeNO, and may be safe in COPD
patients.

To date, few studies have examined changes in peripheral
differential leukocyte counts before and after immune check-
point therapy. Interestingly, we observed a significant increase

in peripheral eosinophil counts in all patients after anti-PD-1
therapy, and this increase was found only in non-COPD
patients, but not in COPD patients. At baseline, eosinophil
numbers were significantly higher in COPD patients than in
non-COPD patients (208/mm® vs 142/mm?), but after the
therapy the numbers did not differ significantly (233/mm’
and 226/mm’, respectively). The mechanisms by which anti-
PD-1 therapy increases peripheral eosinophils in non-COPD
patients are not clear. Future studies including larger numbers
of patients will be required to confirm the findings of the
current study, and elucidate the mechanisms involved.

The current study had several limitations. While changes
in FeNO and pulmonary function after anti-PD-1 therapy
were clearly evident, the detailed mechanisms underlying
these observations remain to be characterized. Ideally, eva-
luations of BAL and/or lung species help to understand the
mechanism, and these will form a part of future study.
Secondly, the study did not include NSCLC patients who
received less than 4 cycles of nivolumab administration. The
main reasons for discontinuing the therapy were disease
progression and/or severe adverse events. In such patients,
the effects of anti-PD-1 therapy remain unclear. Thirdly, the
number of COPD patients in the study was relatively small.
Therefore, future studies including larger numbers of COPD
patients will be needed to corroborate the results of the
present study. Fourthly, while no AE-COPDs were observed
during the therapy, the observation periods were relatively
short (8-10 weeks). Future studies conducted over longer
periods will provide more informative data in this regard.
Lastly, the study focused solely on anti-PD-1 therapy. Thus,
it is unknown whether our observations extend to other
immune checkpoint inhibitors, such as anti-PD-L1 and
CTLA-4 antibodies.

Conclusion

In conclusion, the present study prospectively explored the
effects of anti-PD-1 therapy on the respiratory system by
measuring FeNO and performing spirometry tests in
NSCLC patients. Anti-PD-1 therapy did change FeNO
levels and pulmonary function. Importantly, pulmonary
function did not deteriorate in COPD patients during the
therapy, there were no changes in dyspnea, and no AE-
COPDs occurred. The present study provides clinically
important insights into immune checkpoint therapy, parti-
cularly with regard to COPD patients. Moreover, our
observations warrant further studies investigating how
immune checkpoint therapy may affect other inflammatory
lung diseases such as bronchial asthma.
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