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Background: Immune checkpoint inhibitors (ICIs) are indicated for various cancers and are the mainstay of cancer
immunotherapy. They are often associated with ICI-related pneumonitis (CIP), however, hindering a favorable clinical
course. Recently, non-oncology concomitant drugs have been reported to affect the efficacy and toxicity of ICIs;
however, the association between these drugs and the risk for CIP is uncertain. The aim of this study was to assess
the impact of baseline concomitant drugs on CIP incidence in ICI-treated advanced cancer patients.
Patients and methods: This was a single-center retrospective study that included a cohort of 511 patients with
advanced cancer (melanoma and non-small-cell lung, head and neck, genitourinary, and other types of cancer)
treated with ICIs. Univariable analysis was conducted to identify baseline co-medications associated with CIP
incidence. A propensity score matching analysis was used to adjust for potential CIP risk factors, and multivariable
analysis was carried out to assess the impact of the identified co-medications on CIP risk.
Results: Forty-seven (9.2%) patients developed CIP. In these patients, the organizing pneumonia pattern was the
dominant radiological phenotype, and 42.6% had grade �3 CIP, including one patient with grade 5. Of the
investigated baseline co-medications, the proportion of antiplatelet drugs (n ¼ 50, 9.8%) was higher in patients
with CIP (23.4% versus 8.4%). After propensity score matching, the CIP incidence was higher in patients with
baseline antiplatelet drugs (22% versus 6%). Finally, baseline antiplatelet drug use was demonstrated to increase the
risk for CIP incidence regardless of cancer type (hazard ratio, 3.46; 95% confidence interval 1.21-9.86).
Conclusions: An association between concomitant antiplatelet drug use at baseline and an increased risk for CIP was
seen in our database. This implies the importance of assessing concomitant medications for CIP risk management.
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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have revolutionized
cancer chemotherapy in recent years. The first anti-
cytotoxic T-lymphocyte-associated antigen-4 antibody, ipili-
mumab, was approved for metastatic melanomas in 2011,
followed by the launch of novel anti-programmed death-1
and anti-programmed death-ligand 1 (PD-L1) antibodies for
various cancer types.1 To date, ICIs are commonly used in
multiple clinical settings because of less toxicity than con-
ventional cytotoxic chemotherapeutic agents and their
evident efficacies. However, ICIs do induce a specific and
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annoying toxicity of this drug class, an immune-related
adverse event (irAE) in various organs.2

Among irAEs, ICI-related pneumonitis (CIP) is symptomatic
immune-mediated lung toxicity associated with ICI adminis-
tration, which is of clinical significance. CIP is a relatively
common irAE, developing in w10% of ICI-treated patients in
the real-world clinical setting.3 CIP often disrupts the favor-
able clinical course of patients. Severe CIP (grade �3) is
reported in 40% of all CIP cases,4,5 which requires immediate
ICI discontinuation and systemic anti-inflammatory treat-
ment, thus rendering patients unable to receive anticancer
drug therapy. Indeed, several studies have shown that the
development of CIP is associated with poor survival out-
comes in patients with ICI-treated non-small-cell lung cancer
(NSCLC).6,7 Thus, CIP risk stratification before ICI induction is
essential in improving a patient’s prognosis.

Recently, there has been growing clinical interest in
the relationship between baseline concomitant drugs and
https://doi.org/10.1016/j.esmoop.2023.102030 1
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irAEs. Concomitant use of several non-oncology drugs with
ICIs is reported to increase the risk for specific irAEs. For
example, proton pump inhibitors (PPIs),8 antibiotics,9 and
non-steroidal anti-inflammatory drugs (NSAIDs)10 are re-
ported to be associated with an increased risk for devel-
oping ICI-related colitis and acute kidney injuries.11,12 These
etiologies might be correlated with mechanisms beyond
conventional pharmacologic interactions in combination
with ICIs. They could be better explained by immune
modulation within the tumor microenvironment through
the involvement of the peripheral immune response,
alteration of the gut microbiota, and drug-specific aggres-
siveness to target organs.13-15 The association between
baseline concomitant drugs and CIP incidence has rarely
been investigated, although any drug can potentially induce
inherent pulmonary toxicity. Currently, known CIP risk fac-
tors are mostly restricted to factors related to deteriorating
lung conditions, such as age,16 sex,17 smoking history,18

baseline underlying lung diseases,19-22 and history of
thoracic radiotherapy (TRT).18,23 Therefore, providing in-
formation about the impact of baseline drugs on the risk of
CIP incidence would be beneficial.

We conducted this retrospective observational study to
address the unexplored relationship between baseline
concomitant drugs and CIP incidence. In this study, we
aimed to examine whether non-oncology concomitant
drugs commonly prescribed for comorbidities and toxicities
of anticancer therapy affect the risk of CIP incidence in
patients with advanced cancer treated with ICIs.
MATERIAL AND METHODS

Patients and settings

This study was approved by the Institutional Review Board
of Shinshu University School of Medicine (approval number:
5550). The patient informed consent was waived off
because this was a retrospective observational study.
Instead, an opt-out document for this study has been pos-
ted on the website of Shinshu University School of Medi-
cine. We retrospectively reviewed cancer patients treated
with ICIs at Shinshu University Hospital (700 beds; Nagano,
Japan) between 30 April 2014 and 30 October 2021. To
determine a minimum observation period of at least 6
months, the data cut-off was set on 30 June 2022. The ICI-
treated patients’ list was extracted from the pharmacy
registry database in our hospital. The eligibility criteria were
defined as follows: (i) receiving at least one cycle of ICIs,
including not only monotherapy but also combinatorial
treatment; (ii) receiving ICIs for advanced or recurrent dis-
ease (i.e. excluding those receiving ICIs as adjuvant ther-
apy); (iii) patients who underwent ICI therapy in our
hospital and for whom baseline (defined within 2 weeks
before ICI induction) clinical information was available; and
(iv) patients who did not receive TRT within 3 months of ICI
therapy. A total of 511 patients were eligible for the analysis
(Supplementary Figure S1, available at https://doi.org/10.
1016/j.esmoop.2023.102030); 464 had not developed CIP
2 https://doi.org/10.1016/j.esmoop.2023.102030
(defined as the ‘non-CIP group’), and 47 had developed CIP
(defined as the ‘CIP group’) in their clinical course.
Data collection

All baseline and subsequent clinical data were extracted
from patients’ electronic medical records. Along with the
demographic data, information on comorbidities (i.e. hyper-
tension, dyslipidemia, diabetes, coronary artery disease,
cerebrovascular disease, and peripheral vascular disease) and
concomitant non-oncology drugs at baseline (i.e. angiotensin
receptor blocker/angiotensin-converting enzyme inhibitor,
hypoglycemic, antilipidemic, PPI, NSAIDs, antibiotics, anti-
platelet drugs, and oral corticosteroids) was collected.
Radiological assessment

The findings of chest computed tomography (CT) scans were
reviewed by two pulmonologists (MK and KS) and one
radiologist (SK), who were blinded to the patient’s back-
ground, clinical course, and outcomes. CT images were
reconstructed with a slice thickness of <2.5 mm. The find-
ings of baseline emphysema and fibrosis (interstitial changes)
were evaluated from baseline CT images. In addition, CT
phenotypes of CIP were assessed according to the Japanese
Respiratory Society classification of drug-induced lung in-
juries, as follows: organizing pneumonia (OP-like;
Supplementary Figure S2A, available at https://doi.org/10.
1016/j.esmoop.2023.102030), diffuse alveolar damage
(DAD; Supplementary Figure S2B, available at https://doi.
org/10.1016/j.esmoop.2023.102030), non-specific intersti-
tial pneumonia (Supplementary Figure S2C, available at
https://doi.org/10.1016/j.esmoop.2023.102030), hypersen-
sitivity pneumonia (Supplementary Figure S2D, available at
https://doi.org/10.1016/j.esmoop.2023.102030), or acute
eosinophilic pneumonia (Supplementary Figure S2E, avail-
able at https://doi.org/10.1016/j.esmoop.2023.102030);
those who could not be categorized into these categories
were classified as not otherwise specified.24 The decision
was made through a comprehensive discussion in case of
conflicting diagnostic opinions for baseline lung abnormal-
ities and CT phenotypes.
Toxicity evaluation

The toxicity grades of irAEs were evaluated using the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse Events.25 CIP was defined as a chest radiological
abnormality based on CT scans that newly appeared after
ICI administration. Pneumonitis events that developed
during other anticancer drug therapy following ICIs were
not included in CIP events. The medical record-based CIP
diagnosis was confirmed when other causes, such as pul-
monary infection or cardiogenic pulmonary edema, could
be excluded by a review. Two researchers (TA and KT)
reviewed and confirmed irAEs based on previous diagnoses
in the medical records; for CIP, only its development and
grading were evaluated, not radiological findings (described
in ‘Radiological assessment’).
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Table 1. Patients’ characteristics

Characteristics, n (%) Total
n [ 511

Non-CIP
n [ 464

CIP
n [ 47

Median age, years (IQR) 70 (63-76) 70 (62.75-76) 71 (66-76)
Sex
Male 375 (73.4) 337 (72.6) 38 (80.9)
Female 136 (26.6) 127 (27.4) 9 (19.1)

Smoking history, yes 339 (66.3) 304 (65.5) 35 (74.5)
ECOG-PS
0 184 (36.0) 160 (34.5) 24 (51.1)
1 255 (49.9) 234 (50.4) 21 (44.7)
�2 72 (14.1) 70 (15.1) 2 (4.3)

Cancer type
Non-small-cell lung cancer 182 (35.6) 164 (35.3) 18 (38.3)
Melanoma 93 (18.1) 81 (17.5) 12 (25.5)
Head and neck cancer 73 (14.3) 69 (14.9) 4 (8.5)
Genitourinary cancera 71 (13.9) 65 (14.0) 6 (12.8)
Other types of cancerb 92 (18.0) 85 (18.3) 7 (14.9)

Comorbidity
Hypertension 208 (40.7) 187 (40.3) 21 (44.7)
Diabetes 81 (15.9) 75 (16.2) 6 (12.8)
Dyslipidemia 85 (16.6) 76 (16.4) 9 (19.2)
Cerebrovascular disease 37 (7.2) 33 (7.1) 4 (8.5)
Coronary artery disease 24 (4.7) 21 (4.5) 3 (6.4)
Peripheral vascular disease 14 (2.7) 12 (2.6) 2 (4.3)

Baseline concomitant drug
ARB/ACE-I 116 (22.7) 105 (22.6) 11 (23.4)
Hypoglycemic drug 56 (11.0) 52 (11.2) 4 (8.5)
Antilipidemic drug 94 (18.4) 84 (18.1) 10 (21.3)
Proton pump inhibitor 189 (37.0) 174 (37.5) 15 (31.9)
NSAIDs 178 (34.8) 166 (35.8) 12 (25.5)
Antibiotic 26 (5.1) 24 (5.2) 2 (4.3)
Antiplatelet drug 50 (9.8) 39 (8.4) 11 (23.4)
Oral corticosteroid 24 (4.7) 23 (5.0) 1 (2.1)

Baseline radiological information
Emphysema 165 (32.3) 144 (31.0) 21 (44.7)
Fibrosis 65 (12.7) 54 (11.6) 11 (23.4)
Prior TRT history 41 (8.0) 33 (7.1) 8 (17.0)

ICI therapy
Monotherapy 382 (74.8) 348 (75.0) 34 (72.3)
ICI þ platinum chemotherapy 71 (13.9) 62 (13.4) 9 (19.2)
ICI þ ICI 31 (6.1) 27 (5.8) 4 (8.5)
ICI þ other anticancer agent 27 (5.3) 27 (5.8) 0 (0)

ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;
CIP, checkpoint inhibitor-related pneumonitis; CT, computed tomography; ECOG-PS,
Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint
inhibitor; IQR, interquartile range; NSAIDs, non-steroidal anti-inflammatory drugs;
TRT, thoracic radiotherapy.
aGenitourinary cancers include urothelial cancers (n ¼ 42) and renal cell cancers
(n ¼ 29).
bOther cancers include hepatic cell cancer (n ¼ 26), gastric cancer (n ¼ 16),
esophageal cancer (n ¼ 14), small-cell lung cancer (n ¼ 9), malignant pleural
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Statistical analyses

The first objective of this study was to identify factors
associated with CIP incidence, encompassing baseline co-
medications as well as other clinical factors. For survival
time analyses, mortality events before CIP incidence were
considered competing risks. Univariable logistic regression
analyses were carried out to identify factors associated
with CIP incidence. The identified risk factors and clinically
important factors for CIP assessment were included as
explanatory variables in a multivariable analysis. Multi-
variable logistic regression analysis was used to estimate
the odds ratios (ORs) with a 95% confidence interval (CI)
for these factors affecting CIP incidence. A Fine-Gray type
regression analysis was used to estimate the hazard ratios
(HRs) with a 95% CI for these factors affecting CIP
incidence.

The second objective was to estimate the effect of a
baseline co-medication identified as a risk factor for CIP
incidence. To adjust for potential confounders, we carried
out a propensity score matching (PSM) analysis in a 2 : 1
ratio using a standardized deviation width of 0.20 for the
logit transformation of the estimated propensity score. The
following factors that are considered clinically important
and reported to be associated with CIP risk according to
previous reports16-23,26 were included as covariates in the
PSM: age, sex, smoking history, Eastern Cooperative
Oncology Group (ECOG) performance status (PS), findings of
pulmonary emphysema and fibrosis on baseline chest CT,
prior TRT history, NSCLC patients, and receiving ICI plus
platinum chemotherapy combination. A Fine-Gray type
regression analysis in the matched cohort was further
conducted to assess the risk for CIP incidence.

The time to CIP incidence was determined from ICI in-
duction to CIP onset or censored observation at the last
follow-up. The cumulative incidence for CIP was estimated
using the cumulative incidence function method consid-
ering competing risk, and intergroup comparison was con-
ducted using Gray’s test. All statistical analyses were carried
out using the EZR software (Saitama Medical Center, Jichi
Medical University, Saitama, Japan). Statistical significance
was set at P < 0.05 (two-sided).27
mesothelioma (n ¼ 9), uterine cancer (n ¼ 4), breast cancer (n ¼ 2), Hodgkin’s
lymphoma (n ¼ 2), pancreatic cancer (n ¼ 2), cancer of unknown primary (n ¼
2), thymic cancer (n ¼ 2), Merkel cell cancer (n ¼ 2), ovarian cancer (n ¼ 1), and
cholangiocellular cancer (n ¼ 1).
RESULTS

Patient characteristics

The patients’ characteristics of the non-CIP and CIP groups
are presented in Table 1. The total cohort comprised 375
male (73.4%) and 136 female (26.6%) patients with NSCLCs
(35.6%), melanomas (18.1%), head and neck cancers (HNCs;
14.3%), or genitourinary cancers (GCs; 13.9%). Among
them, 199 (38.9%) developed irAEs, and 47 (9.2%) devel-
oped CIP (information on any irAEs is presented in
Supplementary Table S1, available at https://doi.org/10.
1016/j.esmoop.2023.102030). The proportion of patients
with poor ECOG-PS (�2) was lower in the CIP group than in
the non-CIP group (4.3% versus 15.1%). Among the baseline
concomitant drugs, the frequency of antiplatelet drug use
Volume 8 - Issue 6 - 2023
was higher in the CIP group than in the non-CIP group
(23.4% versus 8.4%). The frequency of pulmonary fibrosis at
baseline CT (23.4% versus 11.6%) and TRT history (17.0%
versus 7.1%) was also higher in the CIP group than in the
non-CIP group. The relationship between any irAE and each
baseline drug is presented in Supplementary Table S2,
available at https://doi.org/10.1016/j.esmoop.2023.
102030. The irAE incidence was lower among PPI users
(42% versus 29.1%). The incidence of total irAEs between
antiplatelet drug users and non-users was comparable
(9.6% versus 10.1%).
https://doi.org/10.1016/j.esmoop.2023.102030 3
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Characteristics of CIP

Among patients with CIP (n ¼ 47), OP-like was the most
common CT phenotype (51.1%), followed by DAD (17.0%)
(Figure 1A), and 42.5% had CIP with a grade �3. The inci-
dence of CIP was 9.9%, 12.9%, 5.5%, 8.5%, or 7.6% in pa-
tients with NSCLC, melanoma, HNCs, GCs, or other cancers,
respectively. In patients with NSCLC, those with grade �3
CIP accounted for 72.2% (Figure 1B). The median follow-up
period for the total cohort was 335 days (5-3010 days). The
median duration from ICI initiation to CIP onset was 146
days (interquartile range, 53-271; range, 12-665), occurring
within 6 months in all severity strata (Figure 1C). Three
hundred and eight (60.3%) patients received ICIs as second-
or later-line therapy, and 63 had a history of tyrosine kinase
inhibitor therapy. Of those patients, CIP developed in only
two cases. Thirty patients (63.8%) received corticosteroids
for CIP. One of the 17 patients who did not receive corti-
costeroids for CIP died of a stroke immediately after CIP
development. One patient with NSCLC died due to CIP
(grade 5) despite intravenous methylprednisolone pulse
therapy.
Association of antiplatelet drugs and CIP incidence

Univariable logistic regression analysis showed that baseline
antiplatelet drug use (OR, 3.33; 95% CI 1.57-7.05), pulmo-
nary fibrosis (OR, 2.28; 95% CI 1.10-4.74), and TRT history
(OR, 2.68; 95% CI 1.16-6.20) were associated with an
increased risk for CIP (Supplementary Table S3, available at
https://doi.org/10.1016/j.esmoop.2023.102030). Multivari-
able logistic regression analysis showed that baseline anti-
platelet drug use (OR, 3.18; 95% CI 1.47-6.88; P ¼ 0.003),
pulmonary fibrosis (OR, 2.22; 95% CI 1.03-4.78; P ¼ 0.04),
and TRT history (OR, 2.50; 95% CI 1.03-6.07, P ¼ 0.04) were
independent risk factors for CIP (Supplementary Table S4,
available at https://doi.org/10.1016/j.esmoop.2023.
102030). The cumulative incidence for CIP was higher in
the patients treated with antiplatelet drugs at baseline than
in the patients without (HR, 3.11; 95% CI 1.57-6.15;
P ¼ 0.001; Figure 2A). A multivariable Fine-Gray regression
analysis showed that the risk for CIP incidence was signifi-
cantly higher among patients receiving baseline antiplatelet
drugs (HR, 2.93; 95% CI 1.45-5.93; P ¼ 0.003) after con-
trolling for ECOG-PS, NSCLC, baseline pulmonary fibrosis,
and TRT history (Supplementary Table S5, available at
https://doi.org/10.1016/j.esmoop.2023.102030). The
description of baseline antiplatelet drugs and underlying
diseases requiring antiplatelet therapy is shown in
Supplementary Table S6, available at https://doi.org/10.
1016/j.esmoop.2023.102030. Aspirin (n ¼ 26, 5.1%) and
clopidogrel (n ¼ 14, 2.7%) were commonly used at baseline.
Two patients were receiving two different antiplatelet drugs
in combination. The clinical course of CIP patients receiving
antiplatelet drugs is described in Supplementary Table S7,
available at https://doi.org/10.1016/j.esmoop.2023.
102030. Among the 11 patients, 5 received corticosteroid
therapy; all improved, except one with a severe stroke
4 https://doi.org/10.1016/j.esmoop.2023.102030
who died shortly after the onset of grade 2 CIP (Case
Number 11).

To assess the effect of baseline antiplatelet drugs on CIP
incidence, patients not receiving baseline antiplatelet drugs
(‘non-antiplatelet group’) and patients receiving baseline
antiplatelet drugs (‘antiplatelet group’) were matched by a
PSM analysis; consequently, 150 patients were identified.
After PSM, the CIP incidence was higher in the ‘antiplatelet
group’ than in the ‘non-antiplatelet group’ (22% versus 6%;
Table 2). The cumulative incidence for CIP was also higher in
the ‘antiplatelet group’ than in the ‘non-antiplatelet group’
(HR, 3.95; 95% CI 1.47-10.58; P ¼ 0.006; Figure 2B).
Multivariable analysis with a Fine-Gray regression model
showed that the risk for CIP incidence was higher in the
‘antiplatelet group’ (HR, 3.46; 95% CI 1.21-9.86; P ¼ 0.02)
after controlling for melanomas and other types of cancer
(Table 3).
DISCUSSION

This study examined the relationship between the baseline
concomitant drugs and CIP incidence in a cohort of
advanced cancer patients treated with ICIs, revealing that
baseline antiplatelet drug use increases the risk for CIP. The
overall incidence of CIP in our cohort was 9.2%, which was
generally consistent with previously reported values in the
real-world clinical setting.3,28 Despite its retrospective na-
ture, this was the first study to implicate the impact of
baseline antiplatelet drugs on CIP risks with a relatively
large sample size. It highlights the importance of attending
to concomitant baseline drugs for CIP risk assessment
before ICI induction.

One strength of this study was to estimate the impact of
baseline antiplatelet drugs on CIP incidence in different
multivariable models. In the total cohort, baseline pulmo-
nary fibrosis and TRT history as well as antiplatelet drug use
were independent risk factors for CIP incidence. These are
known and prominent CIP risk factors, suggesting that our
findings might be generalizable to ICI-treated patients. Since
the relatively few CIP events in the study cohort restricted
the number of explanatory variables in the multivariable
analyses, we further controlled for confounding in the PSM
analysis. The covariates in the PSM partially included factors
that could be associated with baseline antiplatelet drug use,
such as age, sex, and smoking history. Importantly, the HRs
for CIP incidence were comparably high among patients
with antiplatelet drug use both in the total cohort and the
matched cohort. These findings suggest a robust association
between baseline antiplatelet drug use and CIP incidence in
the cohort of this study.

Among the investigated baseline non-oncological drugs in
this study, only antiplatelet drugs were indicated to be
associated with CIP incidence. Several drugs, such as PPIs,29

NSAIDs,30 antibiotics,31 and corticosteroids,32 reportedly
influence the gut microbiota among ICI-treated patients,
thereby increasing the risk for incidence of a particular
irAE,8-12 which were not associated with CIP incidence in
the univariable analysis. It is not prudent to discuss this
Volume 8 - Issue 6 - 2023
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Non-small-cell lung cancer (n = 182)

Melanoma (n = 93) Head and neck cancer (n = 73)

Genitourinary cancer (n = 71) Other types of cancer (n = 92)

Total (n = 511)

OP-like
n = 24 (51.1%)

DAD
n = 8 (17%)

NSIP-like
n = 6 (12.8%)

HP-like
n = 5 (10.6%)

NOS
n = 3
(6.4%)

AEP-like
n = 1 (2.1%)

A

B

Figure 1. Clinical characteristics of checkpoint inhibitor-related pneumonitis in this study. (A) Description of computed tomography phenotype classification of immune
checkpoint inhibitor-related pneumonitis. (B) Frequency and severity of immune checkpoint inhibitor-related pneumonitis per cancer type. (C) Time to the onset and
severity of immune checkpoint inhibitor-related pneumonitis per grade. In the box plots, the centerline represents the median, the box limits represent the lower and
upper quartile values, and the whiskers extend to the most extreme values within a 1.5 � quartile range.
AEP, acute eosinophilic pneumonia; CIP, checkpoint inhibitor-related pneumonitis; DAD, diffuse alveolar damage; Gr, grade; HNCs, head and neck cancers; HP, hyper-
sensitivity pneumonia; ICI, immune checkpoint inhibitor; IQR, interquartile range; NOS, not otherwise specified; NSCLC, non-small cell lung cancer; NSIP, non-specific
interstitial pneumonia; OP, organizing pneumonia.
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Figure 1. Continued.
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alongside other drugs that have not been examined in a
multivariable analysis; however, solely antiplatelet drugs
may be involved in the potential mechanisms underlying
CIP incidence.

In this study, there is no experimental evidence under-
lying an association between antiplatelet drugs and CIP
incidence. We considered, however, that several hypothet-
ical mechanisms inferred from previous findings include two
key aspects: an altering immune landscape within the tu-
mor microenvironment mediated by the concomitant use of
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Figure 2. Cumulative incidence for CIP with or without baseline antiplatelet drugs
CI, confidence interval; CIP, checkpoint inhibitor-related pneumonitis; HR, hazard ra
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antiplatelet drugs and ICIs and the specific role of platelets
within the pulmonary circulation and immune systems.

Firstly, some preliminary data suggest that antiplatelet
drugs could enhance antitumor immunity during ICI treat-
ment. Platelet-derived PD-L1 has been reported to promote
immune evasion and contribute to tumor growth by
inhibiting CD4þ and CD8þ lymphocytes.33 Of note, pre-
clinical studies have shown that the co-administration of
antiplatelet drugs and ICIs decreases cancer cell PD-L1
concentrations,34 increases tumor-infiltrating CD4þ and
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Table 2. Patients’ characteristics before and after propensity score matching

Characteristic, n (%) Before matchinga (n [ 511) After matchinga (n [ 150)

Non-
antiplatelet
n ¼ 461

Antiplatelet
n ¼ 50

SMD Non-
antiplatelet
n ¼ 100

Antiplatelet
n ¼ 50

SMD

Age �70 years 226 (49) 40 (80) 0.70 82 (82) 40 (80) 0.05
Male 332 (72) 43 (86) 0.35 83 (83) 43 (86) 0.08
Female 129 (28) 7 (14) 17 (17) 7 (14)
Smoking history 297 (64.4) 42 (84) 0.46 82 (82) 42 (84) 0.05
ECOS-PS �2 70 (15.2) 2 (4) 0.39 4 (4) 2 (4) <0.001
Non-small-cell lung cancer 163 (35.4) 19 (38) 0.06 36 (36) 19 (38) 0.04
Melanoma 78 (16.9) 15 (30) 0.31 17 (17) 15 (30) 0.31
Head and neck cancer 67 (14.5) 6 (12) 0.08 14 (14) 6 (12) 0.06
Genitourinary cancer 67 (14.5) 4 (8) 0.21 12 (12) 4 (8) 0.13
Other types of cancer 86 (18.7) 6 (12) 0.19 21 (21) 6 (12) 0.24
Emphysema at baseline 143 (31.5) 22 (44) 0.26 44 (44) 22 (44) <0.001
Fibrosis at baseline 57 (12.6) 8 (16) 0.07 13 (13) 8 (16) 0.09
Prior TRT history 39 (8.5) 2 (4) 0.19 4 (4) 2 (4) <0.001
ICI þ platinum
chemotherapy

63 (13.7) 8 (16) 0.07 15 (15) 8 (16) 0.03

CIP incidence 36 (7.8) 11 (22) 0.41 6 (6) 11 (22) 0.47

CIP, checkpoint inhibitor-related pneumonitis.; ECOG-PS, Eastern Cooperative Oncology Group performance status; ICI, immune checkpoint inhibitor; SMD, standardized mean
difference; TRT, thoracic radiotherapy.
aMatched (2 : 1) with a caliper width equal to 0.2 of the standard deviation of the logit of the propensity score; matched variables: age, sex, smoking history, Eastern Cooperative
Oncology Group performance status, non-small cell lung cancer, baseline emphysema, baseline fibrosis, prior thoracic radiotherapy, and immune checkpoint inhibitor plus
platinum chemotherapy.

T. Araki et al. ESMO Open
CD8þ lymphocyte numbers,35 and enhances their anti-
tumor efficacy.33,35,36 These findings can be supported by
data from several clinical investigations. A retrospective
analysis in ICI-treated patients by Cortellini et al.37 reported
an improved tumor response rate and progression-free
survival among patients receiving aspirin at baseline.
Moreover, a systematic review investigating the association
between ICI efficacy and baseline co-medications showed
that low-dose aspirin was associated with improved
progression-free survival.38 Although these findings pri-
marily involved the investigation of the effects of aspirin,
they would support the idea that concomitant antiplatelet
drug use enhances antitumor immunity in ICI-treated pa-
tients. Given that a disordered immune system induced by
ICI administration has been implicated as a potential
mechanism of irAEs,2 antiplatelet drugs might promote an
immune environment more prone to developing irAEs,
including CIP.

In addition, the unique role of platelets within the lungs
derived from several fundamental types of research could
Table 3. Multivariable analysis for time to checkpoint inhibitor-related
pneumonitis event with Fine-Gray competing risk modela after pro-
pensity score matching analysisb

Variable HR 95% CI P

Melanoma (versus all others) 1.72 0.61-4.82 0.30
Other types of cancer (versus all others) 0.41 0.05-3.11 0.38
Baseline antiplatelet drugs (versus non-user) 3.46 1.21-9.86 0.02

CI, confidence interval; HR, hazard ratio.
aA mortality event before a checkpoint inhibitor-related pneumonitis event was
defined as competing risk.
bIncluding 17 checkpoint inhibitor-related pneumonitis events in the matched
cohort.
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partly explain the etiology of antiplatelet drugs and CIP
incidence. The lungs are enriched in megakaryocyte re-
serves, and platelets continuously accumulate within the
pulmonary circulation.39 Platelets also have an essential
effector activity in hemostasis and inflammation within the
lung, contributing to the integrity of the alveolar capillaries’
basal barrier, regulating vascular permeability, and
contributing to tissue repair and remodeling of alveoli and
pulmonary vessels.39 Moreover, it has been reported that
platelets interact with activated leukocytes under inflam-
matory conditions to reduce the levels of mediators such as
tumor necrosis factor-a and neutrophil elastase and in-
crease the level of transforming growth factor-b that helps
counteract an inflammatory response, thereby protecting
against lung injury and contributing to wound healing.40

Therefore, the concomitant antiplatelet drugs might have
interfered with the process of repairing potential lung tissue
damage caused by ICIs, leading to CIP incidence. Altogether,
in patients receiving ICIs, the impact of antiplatelet drugs on
antitumor immunity and the potential role of platelets in
lung wound healing might support an association between
antiplatelet drugs and the increased risk of CIP. Antiplatelet
drug-induced interstitial lung diseases, however, have been
previously reported on a case-report basis with unknown
etiology.41-43 Therefore, it is still uncertain whether the
hypothetical etiology of pneumonitis in the present study is
unique to ICI-treated patients and warrants further
investigation.

There are several limitations to this study. First, because
this is a retrospective nature, any potential selection bias or
the effect of missing data is difficult to eliminate. The CIP
diagnosis was based on an independent medical record-
based review by multiple investigators, including an
https://doi.org/10.1016/j.esmoop.2023.102030 7
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experienced radiologist and pulmonologist; however, lung
injury induced by other causes cannot be ruled out
completely. Moreover, this study failed to examine infor-
mation on the treatment duration of ICIs. The study cohort
comprised multiple cancer types with varying treatment
patterns, including ICI regimens. Additionally, in some cases,
treatment periods involved interruptions and resumptions,
making it difficult to define a uniform treatment duration.
To address this bias, time-dependent outcome analyses
considering competing risks were conducted, though not all
competing risks could be accounted for. Second, the
mechanisms underlying the effect of antiplatelet drugs on
CIP incidence remain unclear. Bronchoalveolar lavage and
lung biopsy were rarely carried out for CIP diagnosis in this
study. Therefore, the immunological and pathological details
of the results of this study should be elucidated in further
research. Third, the limited sample size may have affected
the power for significance. It was impossible to estimate the
impact of the investigated concomitant drugs other than
antiplatelet drugs on CIP risk. It was also difficult to analyze
CIP risk depending on the status of antiplatelet drugs and
other concomitant medications. Furthermore, these factors
made it difficult to carry out a risk analysis for each type of
antiplatelet drug. Thus, it is uncertain which type of anti-
platelet drug is associated with an increased risk of CIP.
Fourth, information on concomitant drugs was only avail-
able at baseline and was not examined for subsequent
changes; the unknown status of concomitant drugs after ICI
initiation might be a residual confounding in this study.

Conclusions

In conclusion, this study is the first to specifically address
the relationship between baseline antiplatelet drugs and
CIP incidence among ICI-treated advanced cancer patients.
It cannot be concluded that antiplatelet medications should
be discontinued during ICI therapy to avoid the risk for CIP
incidence. We believe, however, that avoiding potential
adverse events by reviewing low-priority prescriptions and
preventing polypharmacy may benefit cancer patients
treated with ICIs. Our findings should be validated in future
studies with larger cohorts of patients.
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