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Abstract
The safety of anti-programmed cell death 1 (PD-1) antibody for patients with preexisting interstitial lung disease (ILD) 
remains unknown. The aim of this study was to evaluate the dependence of preexisting ILD on anti-PD-1 antibody-induced 
pneumonitis in non-small cell lung cancer (NSCLC) patients. We retrospectively reviewed the association of preexisting ILD 
with the incidence, radiographic pattern, and outcome of pneumonitis in NSCLC patients receiving anti-PD-1 antibody. A 
total of 331 patients were included in this study. Of these patients, 17 had preexisting ILD. The incidence of pneumonitis was 
higher among the patients with preexisting ILD than among those without preexisting ILD (29% vs. 10%, P = 0.027). The 
distributions of the CT appearances at the onset of anti-PD-1 antibody-induced pneumonitis were as follows: for the patients 
with preexisting ILD, two patients (40%) had diffuse alveolar damage (DAD), one patient each with organizing pneumonia-
like (OP), hypersensitivity pneumonitis (HP), and other patterns (20% each); for the patients without preexisting ILD, 19 
patients (61%) had OP, 8 (26%) had HP, 3 (10%) had DAD, and 1 (3.2%) had other patterns. The median onset time from the 
initiation of anti-PD-1 antibody treatment until the development of pneumonitis was 1.3 months (range 0.3–2.1 months) for 
the patients with preexisting ILD and 2.3 months (range 0.2–14.6 months) for the patients without preexisting ILD. Care-
ful attention to the development of pneumonitis is needed, especially within the first 3 months after the start of anti-PD-1 
antibody treatment, when using anti-PD-1 antibody to treat patients with preexisting ILD.
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Introduction

Interstitial lung disease (ILD) is characterized by dam-
age to the lung parenchyma due to chronic inflammation 
and progressive fibrosis [1]. ILD is associated with an 
increased risk of lung cancer [2, 3]. Preexisting ILD has 
been reported to exist in approximately 15% of patients 
with lung cancer at the time of initial diagnosis [4, 5] and 
is associated with a poor prognosis. Preexisting ILD is 
also a risk factor for antitumor drug-induced pneumoni-
tis. Several studies have reported that the incidence and 
mortality of pneumonitis were higher in patients with pre-
existing ILD than in those without preexisting ILD [6, 7]. 
The prognosis of drug-induced pneumonitis was related 
to the short interval to the onset of pneumonitis and the 
computed tomography (CT) phenotypical appearance of 
pneumonitis; thus, the appearance of a diffuse alveolar 
damage (DAD) pattern can indicate a fatal outcome [8, 9]. 
In clinical practice, systemic anticancer therapy is care-
fully performed in patients with lung cancer with preexist-
ing ILD. Therefore, additional treatment options that are 
safer for advanced non-small cell lung cancer (NSCLC) 
patients with preexisting ILD are needed [10].

The development of immune checkpoint inhibitors 
(ICIs) represents an important advance in the manage-
ment of lung cancer, and ICIs have become a standard 
treatment for patients with advanced NSCLC. The block-
ade of immune checkpoint pathways by anti-programmed 
cell death 1 (PD-1)/programmed death ligand 1 (PD-L1) 
antibodies such as nivolumab, pembrolizumab, and ate-
zolizumab prevents the inhibition of interactions between 
PD-1 and PD-L1/L2, enhances T-cell activation, and stim-
ulates antitumor immune responses. However, T-cell acti-
vation can lead to the development of autoimmune mani-
festations, referred to as immune-related adverse events 
(irAEs). Most irAEs are well manageable and reversible by 
counteracting lymphocyte activation with corticosteroid 
therapy [11, 12], but some irAEs are irreversible despite 
treatment with immunosuppressive therapy and can result 
in life-threatening side effects.

Among the reported irAEs, pneumonitis developed in 
approximately 10% of the patients and resulted in poten-
tially serious toxicity, especially among NSCLC patients 
[13]. Most cases of ICI-induced pneumonitis are low grade 
and improve with immunosuppressive therapy, similar to 
other irAEs, but severe pneumonitis can easily lead to fatal 
respiratory failure [14]. In clinical trials with ICIs in patients 
with advanced NSCLC, some pneumonitis-related deaths 
have been reported [15, 16]. A previous study reported that 
the toxicity grade of pneumonitis was associated with the 
radiologic CT pattern [13], and ICI-related pneumonitis can 
have various radiologic CT patterns [17, 18].

In a previous study, we has demonstrated that the efficacy 
of anti-PD-1 antibody and the value of PD-L1 expression as 
a biomarker were comparable between advanced NSCLC 
patients with and without preexisting ILD [19]. The purpose 
of this study was to investigate the clinical characteristics, 
radiographic appearance, onset time, and outcome of pneu-
monitis in patients with preexisting ILD treated with anti-
PD-1 antibody.

Methods

Patients

The medical records of NSCLC patients treated with anti-
PD-1 antibody (e.g., nivolumab and pembrolizumab) at the 
National Cancer Center, Tokyo, Japan between December 1, 
2015, and May 31, 2018, were retrospectively reviewed. The 
end of the follow-up period was July 31, 2018.

Evaluation of chest CT findings of pneumonitis

A retrospective radiology review of serial chest CT scans 
of all the patients was independently performed by two pul-
monologists (Ryota Shibaki and Shuji Murakami) and one 
radiologist (Masahiko Kusumoto), who had no knowledge 
of the patients’ outcomes. The chest CT images were recon-
structed to a 1–5 mm slice thickness. Preexisting ILD was 
diagnosed by pre-treatment CT, according to the official 
guidelines of the American Thoracic Society, the European 
Respiratory Society, the Japanese Respiratory Society, and 
the Latin American Thoracic Society association [20]. We 
excluded collagen vascular disease–ILD and occupational 
lung disease based on medical history, work history, physical 
findings, and CT reports. The CT phenotypical appearance 
of anti-PD-1 antibody-induced pneumonitis was classified 
by referring to the Japanese respiratory society classification 
of drug-induced lung injuries, as organizing pneumonia-like 
(OP), hypersensitivity pneumonitis (HP), DAD, or others 
[21]. Most cases of preexisting ILD and immune-related 
pneumonitis were diagnosed only by CT.

The toxicity grades for pneumonitis were assessed 
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE) based on the 
patients’ medical records. The onset time of pneumonitis, 
treatment for pneumonitis, admission, and clinical course 
was obtained from the medical records.

Statistical analysis

The cumulative incidence of pneumonitis was estimated 
using the Kaplan–Meier method. A difference in cumu-
lative incidence between patients with and those without 
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preexisting ILD was assessed using the log-rank test, and 
the hazard ratio (HR) and 95% confidence interval (CI) were 
estimated using the Cox proportion hazard model. Patients 
who were lost to follow-up, those still alive at the cutoff 
date, or those who were dead were censored. A univariate 
analysis for the development of drug-induced pneumonitis 
was performed using Cox proportional hazard regression 
models for smoking status, sex, tumor histologic type, and 
the presence of preexisting ILD. These covariates, other than 
preexisting ILD, were adopted based on the results of recent 
trials suggesting that they might affect the development of 
drug-induced pneumonitis [22–24].

Dichotomous variables such as the baseline characteris-
tics were shown as numbers and percentages. A comparison 
between groups divided according to the presence of preex-
isting ILD or the radiographic pattern of pneumonitis was 
performed using the Fisher’s exact test for categorical data. 
All P values were based on a two-sided hypothesis, and val-
ues less than 0.05 were considered statistically significant. 
All the statistical analyses were performed using JMP Pro 
software, version 13.0.0 (SAS Institute, Cary, NC, USA).

Results

Patients’ characteristics

Three hundred and thirty-one patients with advanced or 
recurrent NSCLC received anti-PD-1 antibody. Table 1 
shows the baseline characteristics. Of those, 17 patients had 
preexisting ILD (Fig. 1). The proportions of patients who 
were 75 years old or older (41% vs. 10%; P = 0.001), male 
(94% vs. 64%; P = 0.006), had squamous cell carcinoma 
(47% vs. 19%; P = 0.012), and had received anti-PD-1 anti-
body as a first-line treatment (29% vs. 11%; P = 0.049) were 
significantly higher among the patients with preexisting ILD 
than among the patients without preexisting ILD.

Among the 331 patients who received anti-PD-1 anti-
body, 36 patients (11%) developed pneumonitis. The inci-
dence of pneumonitis was significantly higher among the 
patients with preexisting ILD than among those without 
preexisting ILD (29% vs. 9.9%; P = 0.027).

Radiographic patterns of pneumonitis

Among all the patients who developed pneumonitis, the 
overall distribution of the radiographic patterns of pneumo-
nitis on chest CT was as follows: OP was the most com-
mon pattern, seen in 20 patients (56%), followed by the HP 
pattern in 9 patients (25%), the DAD pattern in 5 patients 
(14%), and other patterns in 2 patients (5.5%) (Fig. 2). 
Among the patients with preexisting ILD, the distribution 
of the radiographic patterns of pneumonitis was as follows: 

DAD was the most common pattern, seen in two patients 
(40%), followed by OP, HP, and other patterns in one patient 
each (20% each). Among the patients without preexisting 
ILD, the distribution of the radiographic patterns of pneu-
monitis on chest CT was as follows: OP was the most com-
mon pattern, seen in 19 patients (61%), followed by the HP 
pattern in 8 patients (26%), the DAD pattern in 3 patients 
(10%), and others in one patient (3.2%). The incidence of 
pneumonitis according to the radiographic pattern differed 
significantly between the patients with and those without 
preexisting ILD (P = 0.005) (Fig. 3a). The incidence of the 
DAD pattern of pneumonitis was significantly higher in the 

Table 1   Baseline characteristics

ILD, interstitial lung disease; ECOG PS, Eastern Cooperative Oncol-
ogy Group performance status; EGFR, epidermal growth factor 
receptor; PD-L1, programmed death ligand 1; TPS, tumor proportion 
score

All, n (%) Preexisting ILD p

Yes, n (%) No, n (%)

Patients 331 17 314
Age
 Median (range) 62 (30–84) 66 (33–83) 62 (30–84)
 ≥ 75 years 38 (11) 7 (41) 31 (10) 0.001

Sex 0.006
 Male 216 (65) 16 (94) 200 (64)

ECOG PS 0.15
 0–1 289 (87) 13 (76) 276 (88)
 ≥ 2 42 (13) 4 (24) 38 (12)

Smoking status 0.084
 Never-smoker 74 (23) 1 (6) 73 (24)
 Current or former 

smoker
249 (77) 15 (94) 234 (76)

Histology 0.012
 Squamous 69 (21) 8 (47) 61 (19)
 Nonsquamous 262 (79) 9 (53) 253 (81)

Clinical stage 0.34
 III/IV 248 (75) 14 (82) 234 (75)
 Recurrence 83 (25) 3 (18) 80 (25)
 EGFR mutated 57 (23) 1 (11) 56 (23) 0.35

PD-L1 22C3 TPS subgroups 0.61
 < 1% 48 (23) 3 (23) 45 (23)
 ≥ 1% 161 (77) 10 (77) 151 (77)

Prior curable opera-
tion

76 (23) 3 (18) 73 (23) 0.42

Thoracic radiotherapy 125 (38) 5 (29) 120 (38) 0.32
Treatment line 0.046
 1 41 (12) 5 (29) 36 (11)
 2– 290 (83) 12 (71) 278 (89)

Drug 0.43
 Nivolumab 248 (75) 12 (71) 236 (75)
 Pembrolizumab 83 (25) 5 (29) 78 (25)
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patients with preexisting ILD than that in patients without 
preexisting ILD (12% vs. 1.0%; P = 0.023). However, the 
incidence of the OP pattern of pneumonitis was not sig-
nificantly different between the two groups (5.9% vs. 6.1%; 
P = 1.00).

Among all the patients who developed pneumonitis, the 
grade distribution of pneumonitis was as follows: grade 1 in 
3 patients (8.3%), grade 2 in 19 patients (53%), grade 3 in 8 
patients (22%), and grade 5 in 6 patients (17%). Among the 
patients with vs. those without preexisting ILD, the grade 
distribution of pneumonitis was grade 1 in 0 patients (0.0%) 
vs. 3 (9.7%) patients, grade 2 in 3 patients (60%) vs. 16 
patients (52%), grade 3 in 1 patient (20%) vs. 7 patients 
(23%), and grade 5 in 1 patient (20%) vs. 5 patients (16%), 
respectively (Fig. 3b). The incidence of the CTCAE grade 
≥ 3 of pneumonitis was not significantly different between 

the two groups (40% vs. 39%; P = 0.96). The incidence of 
the CTCAE grade 5 of pneumonitis was not significantly 
different between the two groups (20% vs. 16%; P = 0.83).

Cumulative incidence of pneumonitis

During the follow-up period, the median onset time from 
anti-PD-1 antibody initiation to the development of pneumo-
nitis was 1.3 months (range 0.3–2.1) and 2.3 months (range 
0.2–14.6) in patients with and those without preexisting 
ILD, respectively. The incidence of pneumonitis at 1 month 
was 12% (95% CI 3.1–28) in the patients with preexisting 
ILD and 3.2% (95% CI 1.7–5.9) in patients without preexist-
ing ILD. At 3 months, they were 34% (95% CI 15–60) and 
6.4% (95% CI 4.1–9.8), respectively (Fig. 4). The cumulative 
incidence of pneumonitis using the Kaplan–Meier method 

Fig. 1   Computed tomography 
scans of the chest in patients 
with preexisting interstitial 
lung disease reveal subpleural 
distribution, honeycomb cysts, 
bronchiectasis, and ground glass 
abnormality

Fig. 2   Radiographic pattern of anti-programmed cell death 1-induced pneumonitis
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was overwhelmingly higher in the patients with preexist-
ing ILD than in the patients without ILD (HR 4.4; 95% CI 
1.5–10; P = 0.01). A Cox proportional hazard regression 
analysis showed that only the presence of preexisting ILD 
was significantly associated with the incidence of drug-
induced pneumonitis (Table 2).

Treatment for pneumonitis and follow‑up

The details of the treatment regimens for pneumonitis, 
CTCAE grade, and clinical courses are shown in Electronic 

Supplementary Tables 1 and 2. The majority of patients 
(29/36; 81%) received steroid therapy as a treatment for 
pneumonitis. One patient (2.8%) also received infliximab 
in addition to corticosteroids. Five patients (14%) exhibited 
an improved clinical and radiographic appearance without 
immunosuppression therapy. Anti-PD-1 antibody therapy 
was restarted in two patients (one with grade 1 and one 
with grade 2) who developed an OP pattern of pneumonitis. 
The two patients with retreatment did not develop recurrent 
pneumonitis.

Discussion

The overall incidence of pneumonitis was 11% among all 
the patients receiving anti-PD-1 antibody. The incidence 
of 29% in patients with preexisting ILD was significantly 
higher than the incidence of 9.9% in patients without preex-
isting ILD. Preexisting ILD was significantly associated with 
the development of pneumonitis (HR 4.4; 95% CI 1.5–10). 
Pneumonitis in patients with preexisting ILD developed at 

Fig. 3   Comparison of a the distribution of the radiographic pattern 
and b the grade distribution of pneumonitis in the patients with and 
without preexisting interstitial lung disease. DAD, diffuse alveolar 

damage; HP, hypersensitivity pneumonitis; OP, organizing pneumo-
nia; ILD, interstitial lung disease

Fig. 4   Cumulative incidence of pneumonitis among advanced non-
small cell lung cancer patients receiving anti-PD-1 antibody. Patients 
who were lost to follow-up, those still alive at the cutoff date, or death 
were censored. Incidence rate indicates the rate of cumulative event 
at each time point among all patients who developed pneumonitis. 
Among the 331 patients, 295 patients were censored; 28 patients were 
lost to follow-up, 131 patients were alive, and 136 patients were dead. 
ILD, interstitial lung disease; PD-1, programmed cell death 1

Table 2   Cox proportional hazard regression analysis

HR, hazard ratio; ILD interstitial lung disease; Sq, squamous cell car-
cinoma

Univariate analysis

HR (95% CI) p

The incidence of drug-induced pneumonitis
 Preexisting ILD (±) 4.4 (1.5–10) 0.01
 Smoking status (current or former/never) 1.4 (0.64–3.9) 0.39
 Sex (male/female) 1.3 (0.64–2.7) 0.50
 Histologic type (Sq/non-Sq) 1.8 (0.85–3.6) 0.12



20	 Cancer Immunology, Immunotherapy (2020) 69:15–22

1 3

an earlier time, compared with that in patients without pre-
existing ILD. Among the patients with preexisting ILD, the 
onset time of pneumonitis occurred within 3 months of the 
start of anti-PD-1 antibody treatment. Most of the pneumo-
nitis patients were successfully treated with steroid therapy.

Preexisting ILD is a consistent risk factor for the devel-
opment of pneumonitis due to molecular targeted drugs and 
conventional chemotherapy [22, 25]. Previous epidemiologi-
cal data regarding the risk factors for drug-induced pneumo-
nitis are useful for determining the proper indications for 
these anticancer drugs. In a previous study, abnormal chest 
CT findings including preexisting ILD, pulmonary emphy-
sema, and pulmonary infection were identified as a risk 
factor for the occurrence of pneumonitis during treatment 
with nivolumab [26]. We also found that the incidence of 
pneumonitis was significantly higher in patients with preex-
isting ILD than in those without preexisting ILD. This find-
ing indicates that preexisting ILD may be a risk factor for 
pneumonitis even in patients receiving anti-PD-1 antibody, 
consistent with the findings for patients receiving molecular 
targeted therapy or chemotherapy. This result might reflect 
that chronic inflammation of the lungs would be a risk fac-
tor for the development of pneumonitis in patients receiving 
ICIs.

Patient prognosis is greatly dependent on the radio-
graphic pattern on chest CT images observed at the onset 
of pneumonitis. Studies on molecular targeted therapy or 
conventional chemotherapy indicate that radiographic pat-
terns are associated with the severity of pneumonitis, and 
the presentation of DAD patterns on chest CT images is 
thought to be strongly correlated with a high mortality. 
Therefore, the identification of a DAD pattern at the time 
of the development of pneumonitis is important. In anti-
PD-1 antibody-induced pneumonitis, the OP radiographic 
pattern of pneumonitis on chest CT is reportedly the most 
frequently observed [13]. In our study, the OP pattern was 
also the most common radiographic pattern (56%), consist-
ent with previous reports regarding the radiographic pattern 
of pneumonitis in patients with various kinds of cancer who 
were treated with ICIs [13]. On the other hand, in patients 
with preexisting ILD, the DAD pattern was the most com-
mon pattern (40%), which was also similar to the results of 
previous studies [27]. This difference in radiographic pat-
terns between patients with and those without preexisting 
ILD can likely be explained by the chronic inflammation 
burden of preexisting ILD, resulting in the development of 
the DAD pattern of pneumonitis.

The onset time of irAEs after the start of ICIs treatment 
can vary greatly. The onset time of immune-related pneu-
monitis was reported to range from 0.5 to 21.3 months [13, 
28, 29], which is similar to those of other irAEs. Indeed, the 
onset of pneumonitis in patients without preexisting ILD 
varied widely in the present study. In comparison, the onset 

of pneumonitis in patients with preexisting ILD occurred 
relatively early within the first 3 months of treatment. The 
early onset of pneumonitis in patients with preexisting ILD 
may be associated with chronic inflammation. We suggest 
that patients with preexisting ILD who are treated with anti-
PD-1 antibody should be frequently examined for the pos-
sible development of pneumonitis, particularly during the 
first 3 months after the start of anti-PD-1 antibody treatment.

The treatment for drug-induced pneumonitis includes the 
termination of any drug suspected to cause pneumonitis. In 
addition, patients with drug-induced pneumonitis should be 
treated with immunosuppressive therapy; however, response 
to steroid therapy varies with each anticancer treatment [22, 
25]. Even among patients with drug-induced pneumonitis 
who receive appropriate therapy, some cases may prove 
fatal. Our study reported that the mortality rate due to pneu-
monitis was 17% among all the patients who received anti-
PD-1 antibody and 20% among patients with preexisting 
ILD. Of note, the mortality rate due to pneumonitis induced 
by anti-PD-1 antibody was similar in patients with and with-
out preexisting ILD. Previous studies on ICIs also reported 
that the mortality rate due to pneumonitis ranged from 0 to 
20% [24, 28, 30]. The mortality rate due to pneumonitis for 
patients receiving ICIs may be lower than those receiving 
molecular targeted therapy or conventional chemotherapy 
[22, 25]. This result may be due to the difference in the 
pathological mechanism of pneumonitis between ICIs and 
other drugs. The mechanism of pneumonitis development 
following anticancer treatment include direct pulmonary 
toxicity and indirect effects through enhancement of inflam-
matory reactions [31]. Most molecular targeted drugs or 
conventional chemotherapy causes direct damage to alveo-
lar epithelial cells, airway epithelial cells, and capillaries 
leading to irreversible fibrosis. On the other hand, ICI treat-
ment may result in T-cell hyperactivation causing reversible 
immune reaction in lung tissue [11]. These findings support 
the notion that pneumonitis related to anti-PD-1 antibody 
may be because of a manageable toxicity owing to immu-
nosuppressive therapy.

This study had several limitations. First, this study was 
conducted based on a retrospective review of medical 
records. The presence of preexisting ILD and the develop-
ment and pattern of drug-induced pneumonitis were radio-
logically confirmed in most of the patients, and bronchoal-
veolar lavage or a lung biopsy was rarely conducted. Second, 
because the use of anti-PD-1 antibody in patients with severe 
preexisting ILD was likely avoided, the incidence rate of 
pneumonitis in the patients with preexisting ILD could be 
inaccurate.

In conclusion, anti-PD-1 antibody-induced pneumonitis 
differed in its frequency and time of onset between patients 
with and without preexisting ILD. Most patients with anti-
PD-1 antibody-induced pneumonitis were responsive to 
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steroid therapy. These results suggest the importance of 
increased surveillance in patients with preexisting ILD for 
early diagnosis and treatment of pneumonitis. Future pro-
spective studies are needed to show that anti-PD-1 antibody 
is safe and tolerable in patients with preexisting ILD.
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