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Abstract

Purpose The immune checkpoint inhibitor nivolumab is commonly used for non-small-cell lung cancer treatment. Immune
checkpoint inhibitors cause immune-related adverse events, including interstitial pneumonia. However, there are no stud-
ies on the risk factors for interstitial pneumonia exacerbation after immune checkpoint inhibitor administration in patients
with a history of different types of interstitial pneumonia. Therefore, we aimed to investigate the risk factors for interstitial
pneumonia exacerbation in patients with non-small-cell lung cancer and a history of interstitial pneumonia. We also aimed
to explore differences in the risk of interstitial pneumonia exacerbation due to various types of interstitial pneumonia—idi-
opathic interstitial pneumonia, immune-related pneumonitis, and radiation pneumonitis.

Methods Eleven patients with a history of interstitial pneumonia exacerbation following the administration of immune
checkpoint inhibitor were included in the study. We performed 1:2 matching based on age and sex. Twenty-two patients
whose interstitial pneumonia did not worsen after immune checkpoint inhibitor administration belonged to the control group.
We calculated odds ratios for each factor in the patients and control subjects.

Results The odds ratio of idiopathic interstitial pneumonia in the case group was 0.15 (95% confidence interval: 0.03-0.89)
(»=0.03). There were no significant differences in other factors, such as smoking history, pulmonary emphysema, and
chronic obstructive pulmonary disease.

Conclusion The administration of immune checkpoint inhibitors in non-small-cell lung cancer patients with a history of
idiopathic interstitial pneumonia might be a viable treatment option and have clinical benefits.

Keywords Interstitial pneumonia - Immune checkpoint inhibitor - Non-small-cell lung cancer - A case—control study

Introduction the first-line treatment for this disease if there are no gene

mutations [3].

Immune checkpoint inhibitors (ICIs) are an important
component in the treatment of non-small-cell lung cancer
(NSCLC) [1]. The ICI nivolumab was first used in treat-
ing NSCLC, followed by pembrolizumab, atezolizumab,
and durvalumab [2]. In Japan, ICIs are recommended as
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ICIs reportedly cause immune-related adverse events,
including interstitial pneumonia [4]. The incidence of inter-
stitial pneumonia in NSCLC patients in a phase III trial was
3.8% (n=287) with nivolumab [5], 5.8% (n=154) with
pembrolizumab [6], and 1.6% (n=609) with atezolizumab
[7]. A meta-analysis of systematic reviews has also reported
the incidence, diagnosis, risk factors, and management of
immune-related interstitial pneumonia [8, 9]. Interstitial
pneumonia can lead to serious complications, including
death. Therefore, depending on the severity, the drug might
be withdrawn or discontinued when interstitial pneumonia
develops after the administration of ICIs [10].

A history of interstitial pneumonia is a risk factor for
the development of ICI-induced interstitial pneumonia.
For example, after the administration of atezolizumab to
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17 patients with NSCLC and a history of idiopathic inter-
stitial pneumonia, 5 (29.4%) had exacerbated interstitial
pneumonia [11]. Furthermore, after the administration of
nivolumab in 2 independent studies, 2 of 18 (11.1%) [12]
and 8 of 26 (30.8%) [13] patients with NSCLC and a history
of idiopathic interstitial pneumonia showed worsening of
ICI-induced interstitial pneumonia.

However, these were reports on a single group without
comparison among patients with NSCLC with a history of
idiopathic interstitial pneumonia.

Based on these reports, a history of interstitial pneumonia
is considered a risk factor for development of interstitial
pneumonia following the administration of ICIs. Therefore,
it is necessary to consider whether it is appropriate to admin-
ister ICIs to patients with a history of interstitial pneumonia
[14]. Accordingly, in Japan, the Ministry of Health, Labor,
and Welfare, which controls the approval and proper use of
medicines, has warned against administering ICIs to patients
with a history of interstitial pneumonia, regardless of the
type of interstitial pneumonia.

However, differences in the risk of exacerbation of inter-
stitial pneumonia due to various types of interstitial pneu-
monia, such as idiopathic interstitial pneumonia, immune-
related pneumonitis, and radiation pneumonia, are unknown.
It has also been reported that the risk factors for the devel-
opment of interstitial pneumonia after administration of
ICIs in the absence of a history of interstitial pneumonia
include a history of respiratory disease, radiation therapy,
and smoking [15]. Additionally, it has been pointed out that
male sex, smoking history, and combination therapy (includ-
ing ICI and cytotoxic drugs) are potential risk factors for
interstitial pneumonia [8, 16]. However, other risk factors
in patients with a history of this interstitial pneumonia are
unknown. A history of interstitial pneumonia is a risk fac-
tor for recurrent interstitial pneumonia due to ICI admin-
istration. However, ICIs are also an important option for
the treatment of NSCLC [1]. Therefore, despite a history of
interstitial pneumonia, if the benefits of treatment outweigh
the risks of interstitial pneumonia exacerbation, ICIs might
be administered. Thus, identifying risk factors other than a
history of interstitial pneumonia can lead to optimal treat-
ment selection.

This case—control study aimed to clarify risk factors of
exacerbating interstitial pneumonia after the administration
of ICIs in patients with a history of interstitial pneumonia.
We further aimed to investigate the differential risk of inter-
stitial pneumonia exacerbation due to various interstitial
pneumonia types (i.e., idiopathic interstitial pneumonia,
immune-related pneumonitis, and radiation pneumonitis).
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Patients and methods
Patients

The research facility was located at the Showa University
Northern Yokohama Hospital in Japan. The study period
was conducted from December 2015 to March 2020. Among
NSCLC patients who received monotherapy or combina-
tion therapy with nivolumab, pembrolizumab, and atezoli-
zumab, inclusion criteria were KL-6 (Krebs von den Lun-
gen 6 glycoprotein) > 500 U/mL or SP-D (Surfactant protein
D) > 110 ng/mL and an ICD10 (International Classification
of Diseases, 10th revision, Clinical Modification) of intersti-
tial lung disease (J849), resulting in 183 patients registering
for the study.

Study design

We conducted a case—control study. Among the 183 patients
with NSCLC and a history of interstitial pneumonia, 11 had
exacerbation of interstitial pneumonia after administration
of ICIs. Eleven patients in the case group whose intersti-
tial pneumonia worsened after administration of ICIs were
matched by age (+5 years) and sex. As a result, 22 subjects
in the control group whose interstitial pneumonia did not
worsen were enrolled as controls (1:2 matching).

Study assessment

The primary objective of this case—control study was to
identify risk factors. We investigated the following: drugs,
smoking history, medical history, surgical history, staging,
distant metastasis, regimen and number of treatments, pre-
treatment history, survival time, treatment period with anti-
cancer drugs, and treatment regimen after exacerbation of
interstitial pneumonia.

The secondary objective of this case—control study was to
elucidate the differential risks of exacerbation of interstitial
pneumonia among different types of interstitial pneumo-
nia (i.e., idiopathic interstitial pneumonia, immune-related
pneumonitis, and radiation pneumonitis).

In addition to these two objectives, we also investigated
the duration of therapy and overall survival. Patients with
untraceable treatment or survival were investigated until the
date of traceability.

As previously described [9], when clinical symptoms
such as cough, dyspnea, and fever were present upon exami-
nation, along with elevated KL-6 and SP-D levels, doctors
suspected interstitial pneumonia and performed computed
tomography (CT). The respiratory physician examined
the CT and identified characteristics of immune-related
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pneumonia during ICI administration {mainly patterns of
organizing pneumonia, nonspecific interstitial pneumonia,
hypersensitivity pneumonia, acute interstitial pneumonia,
and respiratory bronchiolitis-associated interstitial pneu-
monia [10]}, and made the diagnosis. Interstitial pneu-
monia was comprehensively diagnosed based on clinical,
physiological, and chest CT findings. Respiratory physicians
diagnosed the need for inpatient treatment. The severity was
based on the term “pneumonitis” in the common terminol-
ogy criteria for adverse events (CTCAE) version 5. In this
study, the terms were used as follows. ICI-induced inter-
stitial pneumonia was used as a synonym for ICI-induced
pneumonitis. Radiation pneumonitis was also considered as
a subclass of interstitial pneumonia.

Statistical analysis

Continuous variables were compared using a two-sided ¢
test or the Mann—Whitney U test. Categorical variables were
compared using the chi-square test or Fisher’s exact test.

For the case and control groups, we calculated the odds
ratio and 95% confidence interval (CI) for a risk factor to be
present. The JIMP® Pro 15.0.0 software (SAS Institute Inc.,
Cary, NC, USA) was used for statistical analysis, and the
significance level was set at p <0.05. There were no missing
data for the evaluation objectives.

Results
Characteristics

Patient backgrounds in the case and control groups are
shown in Table 1. The average age was 69.1 years, and the
proportions of males and females—90.9% and 9.1%, respec-
tively. Except for the history of interstitial pneumonia (idi-
opathic interstitial pneumonia), there was no significant dif-
ference between the two groups.

Risk factors

We tested each factor between the two groups (Table 2).
The odds ratio for idiopathic interstitial pneumonia in the
case group relative to that in the control group showed a
significant difference at 0.15 (95% C1 0.03-0.89) (p=0.03).
There were no significant differences in other factors, such
as smoking history, pulmonary emphysema, and chronic
obstructive pulmonary disease, between the two groups.

Duration of therapy and overall survival

The duration of treatment and overall survival are shown
in Table 3. The median treatment period in the case group

(except for three survivors) was 588 days and that in the
control group (except for five survivors) was 450 days. The
median overall survivals in the case and control groups were
661 and 506 days, respectively.

Treatment of interstitial pneumonia in the case
group

We identified 11 patients in the case group after exacer-
bation of interstitial pneumonia (Table 4). Corticosteroids
were administered for interstitial pneumonia in 10 of the 11
patients. Of the ten patients, eight had improved interstitial
pneumonia as a result of corticosteroids administration. One
patient developed interstitial pneumonia after administration
of the immunosuppressant tacrolimus in addition to corti-
costeroids. One patient died due to worsening lung cancer
(disease progression) without improvement in interstitial
pneumonia after corticosteroid administration.

Discussion

In this study, only idiopathic interstitial pneumonia was
identified as a factor associated with a lower risk of devel-
oping interstitial pneumonia in NSCLC patients after ICI
administration. There were no significant differences in other
factors, such as smoking history, pulmonary emphysema,
and chronic obstructive pulmonary disease. However, results
suggest that administration of ICIs to patients with a history
of idiopathic interstitial pneumonia might be associated with
a lower risk of exacerbations of interstitial pneumonia than
in those with a history of other types of NSCLC treatment-
related interstitial pneumonia (i.e., immune-related pneumo-
nitis and radiation pneumonitis). In addition, if there was a
history of idiopathic interstitial pneumonia with a low risk of
exacerbation of interstitial pneumonia, it would be possible
to control the disease with corticosteroids after exacerba-
tion. Clinical benefits such as prognosis prolongation due
to the choice of ICIs might outweigh the disadvantages of
exacerbation of interstitial pneumonia.

First, patients with a history of idiopathic interstitial
pneumonia had significantly lower odds ratios for the exac-
erbation of interstitial pneumonia due to ICIs than those with
a history of NSCLC treatment-related interstitial pneumonia.
It has been suggested that ICI administration in patients with
a history of idiopathic interstitial pneumonia might result
in a lower risk of interstitial pneumonia relative to that of
NSCLC treatment-related interstitial pneumonia. A history
of interstitial pneumonia has been reported to be a risk factor
for exacerbation of interstitial pneumonia [17]. However, the
degree of risk due to different types of interstitial pneumo-
nia (i.e., idiopathic interstitial pneumonia, immune-related
pneumonitis, and radiation pneumonitis) has not been
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Table 1 Clinical patient

T Characteristics Case group (n=11) Control group (n =22) p value
characteristics n (%) n (%)
Age
Average 69.1 69.1
Median (range) 71 (50-81) 71 (51-86)
Sex
Male 10 (90.9) 20 (90.9)
Female 109.1) 2(9.1)
Smoking history
Current 1(9.1) 2(9.1) 1.00
Past 10 (90.9) 17 (77.3) 0.64
Never 0 3(13.6) 0.53
Histology
Adenocarcinoma 7 (63.6) 17 (77.3) 0.44
Squamous cell carcinoma 4(36.4) 4(18.2) 0.39
Not otherwise specified 0 14.5) 1.00
PD-L1 expression [TPS (%)]
<1% 0 4(18.2) 0.28
1-49% 2(18.2) 4(18.2) 1.00
>50% 3(27.3) 5(22.7) 1.00
Unknown 6 (54.5) 9 (40.9) 0.49
Stage
il 4 (36.4) 3(13.6) 0.19
v 7 (63.6) 19 (86.4) 0.19
History of lung surgery 3(27.3) 4(18.2) 0.66
History of radiation therapy 6 (54.5) 8 (36.4) 0.46
History of illness
Pulmonary emphysema and COPD 109.1) 209.1) 1.00
Treatment line
1 2(18.2) 6(27.3) 0.69
2 4(36.4) 2(9.1) 0.15
3 2(18.2) 8 (36.4) 0.43
>4 3(27.3) 6(27.3) 1.00
ICI
Nivolumab 7 (63.6) 11 (50.0) 0.71
Pembrolizumab 3(27.3) 9 (40.9) 0.70
Atezolizumab 1(9.1) 2(9.1) 1.00
History of interstitial pneumonia
Radiation pneumonitis 5(45.5) 4(18.2) 0.12
ICI-induced interstitial pneumonia 4 (36.4) 5(22.7) 0.43
Idiopathic interstitial pneumonia® 2(18.2) 13 (59.1) 0.03

PD-LI programmed death-ligand 1; TPS tumor proportion score; COPD chronic obstructive pulmonary
disease; /CI immune checkpoint inhibitors

“Idiopathic interstitial pneumonia is an interstitial pneumonia of unknown cause

clarified. These results could contribute to elucidating the
risk of interstitial pneumonia exacerbation due to different
types of this condition.

Second, although this was a case—control study and sim-
ple comparisons were not possible, the median survival time
in the case group was longer than that in the control group. It
has been reported that patients with immune-related adverse

@ Springer

events such as interstitial pneumonia have a better prognosis
[18-20]. As previously reported, patients with a history of
interstitial pneumonia might have clinical benefits due to
prolonged survival facilitated by administering ICIs while
paying attention to immune-related adverse events.
Thirdly, of the 11 patients whose interstitial pneumonia
had worsened, 10 were in remission. Eight patients received
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jl'abIeZI .RiSk factor§ for Risk factor Case group (n=11) Control group (n =22)  p value
interstitial pneumonia n (%) n (%)
Smoking history
Current and past 11 (100) 19 (86.4) 0.54
Never 0 3(13.6)
Histology(except NOS)
Adenocarcinoma 7 (63.6) 17 (81.0) 0.40
Squamous cell carcinoma 4 (36.4) 4(19.0)
PD-L1 expression [TPS (%)] (except unknown)
<1% 0 4(30.8) 0.28
>1% 5 (100) 9(69.2)
Stage
1 4(36.4) 3(13.6) 0.19
v 7 (63.6) 19 (86.4)
History of lung surgery
Yes 3(27.3) 4(18.2) 0.66
No 8(72.7) 18 (81.8)
History of radiation therapy
Yes 6 (54.5) 8 (36.4) 0.46
No 5(45.5) 14 (63.6)
History of illness: pulmonary emphysema and COPD
Yes 19.1) 29.1) 1.00
No 10 (90.9) 20 (90.9)
Treatment line
1 2(18.2) 6 (27.3) 0.69
>2 9 (81.8) 16 (72.7)
History of interstitial pneumonia
NSCLC treatment-related interstitial 9 (81.8) 9 (40.9) 0.03
pneumonia®
Idiopathic interstitial pneumoniah 2(18.2) 13 (59.1)

NOS not otherwise specified; PD-LI programmed death-ligand 1; 7PS tumor proportion score; COPD
chronic obstructive pulmonary disease; NSCLC non-small-cell lung cancer

*ICI-induced interstitial pneumonia and radiation pneumonitis

®Idiopathic interstitial pneumonia is an interstitial pneumonia of unknown cause

Table 3 Duration of therapy
and overall survival

Case group except 3 survivors Control group except
(n=28) 5 survivors (n = 17)

Duration of therapy with anticancer drugs (days) (except survivors)

Median (range)

588 (98-1504) 450 (90-2098)

Overall survival (days) (except survivors)

Median (range)

661 (297-1550) 506 (115-2087)

corticosteroids, one received corticosteroids and tacroli-
mus, and one was withdrawn from ICIs. From this result,
10 of 11 patients (90.9%) who had a history of interstitial
pneumonia were able to control their interstitial pneumo-
nia. In a previous report, corticosteroids were administered
to 207 patients who developed interstitial pneumonia after
nivolumab administration for NSCLC [21]. Of these, 172
(83.1%) showed good responsiveness to corticosteroids. In

this report, corticosteroids were administered to four patients
with re-exacerbation of interstitial pneumonia, and three had
a good response to this medicine. These results suggest that
corticosteroids can control interstitial pneumonia even when
the condition worsens in patients with a history of interstitial
pneumonia worsen.

Based on these three points, idiopathic interstitial pneu-
monia might be associated with lower risk of interstitial

@ Springer



Cancer Chemotherapy and Pharmacology (2022) 89:21-30

26

eruownoud [ennsIour
Jo uorssTway parode)
sem ouofostupaid AT
S[IYM PINUNUOD UOTJENSI
-UIWpe PIOIISOIILI0D [BID)
eruownaud [ennsioul
Jo uorsstuay parade)
sem ouofostupard AT
S[IYM PINUNUOD UONBNSI
-UTWpPE PIroIdISOONI0d [eI0)
uorssa13o1d aseasip
0} onp yjeap (Sy/3w 1)
3w )9 uoISNJuI AT Aeurd
-ONS WNIPOS QUOJOSTUPAIJ
eruownaud [ennsIoul
Jo uorssTway parode)
sem ouofostupaid AT
S[IYM PINUNUOD UOTJEIST
-UTWpE PIOIISOOII0D [eID)
eruownoud [ennsIour
Jo uorssTuay parede)
sem auojostupaid AT
S[IYM PINUNUOD UOENSI
-UIWpe PIOIISOOILI0D [BID)
eruownaud [ennsioul
JO uoISSTWaY parede)
sem ouojostupard AT
9[IYM PINUNUOD UONBNSI
-UTWpPE PIOIISOONI0D [eI0)
eruownaud [ennsIour
Jo uorssTway parede)
sem ouofostupaid AT
S[IYM PINUNUOD UOTJEIST
-UIWpe PIOIISOOII0D [eID)
eruownaud [ennsIaur
Jo uorsstway parede)
sem ouofostupard AT
S[IYM PINUNUOD UOTJBISI
-UIWPpE PIOIISOIILI0D [BID)

QUON

QUON

QUON

QUON

QUON

QUON

QUON

Sw
uonensuIwpe
[e10 snwiIoIde],

(33/3w 1) 3w 09 ULLA
ur uorsnjur drip 9jeurd
-0ns WINIPos dUOJOSTUPAI]

Sw (g suojostupaid [e1Q
skep ¢ Sw
000T uteA ur uotsnjut
dupajeuroons wnipos
quojostupaId[ o]

(83y/8w 1) Suwr oG ureA
ur uorsnjur drp 9jeurd
-0ns WNIpos dUOJOSTUPAI]

skep ¢ 3w

0007 utoA ur uotsnjut

dup oyeuroons wnrpos
quojostupaId[AyIoN

(33w ¢°0)
Sw (¢ suojostupaxd (eI

Sw (g ureA
ur uorsnjur dup 9jeurd
-ONs WNIPOS dUO[OSIUPAI]

skep ¢

Sw ()G ureA ur uorsnjur

dup oyeuroons wnrpos
JuojostupaId[AyIo

€ 9pelD

[ °pe1d

oF7 9peID

€ 9pelD

€ 9peLD

C 9prID

€ 9pelD

€ 9peID

eruownaud
[ennsiour oyroadsuoN

wroped
eruownaud SurziueSio

wrayed
eruownaud SurziueSio

uraned
eruownoaud Jurzrue3iQ

wraned
eruownaud Surziue3iQ

wraped
eruownaud Furzrue3iQ

uraned
eruownaud SurziuesiQ

eIuow
-naud [ennsIsuI [ens)

spuownaud uonerpey

qeiuownaud [ennsioul

PIoNpUI-QRWINZI[OIqUIS]

qeiuownaud [enns

-I9)UT PAONPUI-qRUIN[OATN

qeruowndud [ennsIspuL
PadNPUI-QRUINZI[OIqUID]

spuownaud uonerpey

(;eruownoaud [ennsiour
oryyedorpr) sisouerp

Iooued Sunj jo awiry Ay}
WOIJ ‘UMouyun asne))

qeiuownaud [enns
-I9)UI PAONPUI-QRUIN[OAIN

(;eruownaud [ennsiour
orgyedorpr) stsougerp

190ued 3Uny Jo W) AY)
WoJJ ‘umouyun asne))

quumoalN N

qewnzioiquag A

qeUn[OAIN N

qewnzijoiquod A

qeUN[OAIN

qewnziozay A

qeunoAIN W

qewnzioiqueg A

I8

69

89

SL

9

YL

YL

8¢

JUSW}RAI) JO SINSIY

juauIeaI) IYI0

SpI019)
-s001)109 Jo Aderay) rentuy

spruownaud jo
apeid gvD1D

eruownaud [ennsoyul
Jo urayed Teor3oforpey

eruownaud
[ennsINUI Jo AI0ISTH

s1oy1qIyuT jutod

S[ooyo sunwiw] X9 (sIeak) a3y  9se)

dnoi3 oseo oy ur eruownaud [eNNSIAIUL JO JUAWIRAL], { 3|qel

pringer

Qs



27

Cancer Chemotherapy and Pharmacology (2022) 89:21-30

juosaxd arnyrey K107endsoy,

SI0JIQIYUI JUTOdORYD SUNIILIT (IM PISUS[[eYd-a1 d1om sjudled uayM PaLINd>0aI udYy) pue A[fentur pasordur eruownaud [ENNsISIUL PAONPUI-IONIQIYUT Jutod3ooyd duntut],

asned umowjun Jo eruownaud [ennsiur ue st eruownoud [ennsoyul oryjedorpy,

SNOUSABIIUL /] ‘SJUSAD 9SIOAPE O] BLIILIO ASO[OUTULID) UOWIWOD FV) L)

eruownaud [ennsioul
JO uoISSTIaY parede)
sem quojostupaid AT
9[IYM PINUNUOD UONBNSI
-UTWpE PIOIISOO1I0D [BID)
panrwar sem eruownaud
[ennsiajur auojostupard
Surrade) o[Iym uonen
-SIUTWIpE [eI0 dNUNUOD)
eruownoud [ennsIour
Jo uoIssTway parede)
sem ouofostupaid AT
S[IYM PINUNUOD UOTJEISI
-UIWpe PIOIISOONI0D [BID)

QUON

QUON

QUON

(Sp10121S0013100
105 2doy Jnoyyim) sauoN

Sw (g ureA
ur uorsnyur dup jeuro
-ONS WNIPOS UOJOSTUPAIJ

(85/3w 1) Swr (), uroa
ur uorsnjur drp 9jeurd
-ONs WNIpPos dUOJOSTUPAI]

1 9pe1n

€ 9pelD

C 3peIn

uroned
eruownoaud Furzrue3iQ

eruownaud
[ennsIouI OY1oadsuoN

wraned
eruownaud Surziue3iQ

snruownaud uoneipey

snruownaud uoneIpey

spiuownaud uonerpey

qewn[oAlN o 9L 11
qeumpoAIN - N IL ol
qeumpoAlN N 0s 6

JUSW}BAI) JO SINSIY

juauIEaI) IYI0

SpI019)
-s001)109 Jo Aderay) renuy

spruownaud jo
apei3 gvD1D

eruownaud [ennsoyul
Jo urayped Teor3oforpey

eruownaud
[ennsINUI Jo AI0ISTH

s10y1qryur yurod
Sooyo sunwiw] XoS (sIeak) a8y  9se)

(ponunuoo) ¢ sjqey

pringer

a's



28

Cancer Chemotherapy and Pharmacology (2022) 89:21-30

pneumonia exacerbation than other types of NSCLC
treatment-related interstitial pneumonia. In addition,
even if interstitial pneumonia worsens, it might be pos-
sible to select ICI treatment because it can be controlled
by corticosteroids.

In Japan, ICIs are recommended as first-line treatment
if there are no gene mutations [3]. If there is a history of
idiopathic interstitial pneumonia, there might be clinical
benefits of ICIs administration, such as prognosis prolonga-
tion. For patients with a history of interstitial pneumonia,
the clinical benefit of expanding treatment options with ICIs
could be significant.

There are four limitations to this study.

First, individuals with a history of ICI-induced intersti-
tial pneumonia were included in both the case (n=4) and
the control (n=35) groups in this study. These patients were
clinically diagnosed with “previous interstitial pneumonia,”
which is an important consideration for ICI-based treatment.
Since we conducted this study from the perspective of actual
clinical practice, this can lead to serious bias.

Second, there was a selection bias only for patients
treated in the university hospital. Without a well-established
treatment system, ICIs might not be available for patients
with a history of interstitial pneumonia at a high risk of
exacerbation.

Third, unknown confounding factors could not be
adjusted. This was a case—control study. Bias cannot be com-
pletely ruled out while selecting controls, because unknown
confounders cannot be regulated. However, we considered
the possibility of confounding in age and sex variables and
matched these as covariates. In general, interstitial pneumo-
nia is considered to be related to age, because physiologi-
cal function declines with age. In addition, smoking history
might be a confounding factor. An individual with a history
of smoking is more likely to benefit from ICIs [5—7]. Smok-
ing history is a risk factor for interstitial pneumonia [10, 15,
16]. However, we did not match patients based on smoking
history due to the risk of overmatching. The presence or
absence of a smoking history might have thus affected the
results.

Fourth, the effects of concomitant anticancer drugs were
not investigated in this study. It has been shown in previ-
ously reported clinical trials that the incidence of intersti-
tial pneumonia is higher with combination therapy based
on cytotoxic drugs (cisplatin, carboplatin, paclitaxel, and
nanoparticle albumin-bound-paclitaxel) and ICIs than with
monotherapy [22, 23]. In this study, 10 of 11 patients in
the case group were treated with ICIs alone, not allowing
for an analysis of the effects of the presence or absence of
concomitant medications. In addition, the small number of
11 patients is also a limitation. Therefore, it is necessary to
increase the number of cases further and examine the effects
of concomitant anticancer drugs.

@ Springer

We conducted a case—control study of rare cases of
interstitial pneumonia exacerbation after the administra-
tion of ICIs in patients with a history of interstitial pneu-
monia. Since rare cases were used as controls, the small
number of 11 cases in the case group was unavoidable.
However, due to the small number of cases, caution is
required when interpreting the results. Therefore, based
on the results of this study, it is necessary to consider the
risk factors for interstitial pneumonia after increasing the
number of target facilities and patients. Identifying the
risk factors for interstitial pneumonia might lead to further
clinical benefits for patients.

Conclusions

Based on results of this study, ICIs could be a treatment
option for patients with NSCLC who have a history of
idiopathic interstitial pneumonia. In addition, even if inter-
stitial pneumonia worsens, corticosteroids might be able to
control it. Therefore, the selection of ICIs for patients with
NSCLC with a history of idiopathic interstitial pneumonia
could have clinical benefits.
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