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Abstract 

Background  Drug-induced interstitial lung disease (DIILD) is a serious adverse event potentially induced by any 
antineoplastic agent. Whether cancer patients are predisposed to a higher risk of DIILD after receiving immune check-
point inhibitors (ICIs) is unknown.

Methods  This study retrospectively assessed the cumulative incidence of DIILD in consecutive cancer patients who 
received post-ICI antineoplastic treatment within 6 months from the final dose of ICIs. There was also a separate con-
trol cohort of 55 ICI-naïve patients with non-small cell lung cancer (NSCLC) who received docetaxel.

Results  Of 552 patients who received ICIs, 186 met the inclusion criteria. The cohort predominantly comprised 
patients with cancer of the lung, kidney/urinary tract, or gastrointestinal tract. The cumulative incidence of DIILD 
in the entire cohort at 3 and 6 months was 4.9% (95% confidence interval [CI] 2.4%–8.7%) and 7.2% (95% CI 4.0%–
11.5%), respectively. There were significant differences according to cancer type (Gray’s test, P = .04), with the highest 
cumulative incidence of DIILD in patients with lung cancer being 9.8% (95% CI 4.3%–18.0%) at 3 months and 14.2% 
(95% CI 7.3%–23.3%) at 6 months. DIILD was caused by docetaxel in six of these 11 lung cancer patients (54.5%). 
After matching, the cumulative incidence of docetaxel-induced ILD in patients with NSCLC in the post-ICI setting 
was higher than that in the ICI-naïve setting: 13.0% (95% CI 3.3%–29.7%) vs 4.3% (95% CI 0.3%–18.2%) at 3 months; 
and 21.7% (95% CI 7.9%–39.9%) vs 4.3% (95% CI 0.3%–18.2%) at 6 months. However, these were not significant differ-
ences (hazard ratio, 5.37; 95% CI 0.64–45.33; Fine–Gray P = .12).

Conclusions  Patients with lung cancer were at high risk of developing DIILD in subsequent regimens after ICI treat-
ment. Whether NSCLC patients are predisposed to additional risk of docetaxel-induced ILD by prior ICIs warrants 
further study.
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Background
Since the first approval of ipilimumab in 2011, immuno-
therapy with immune checkpoint inhibitors (ICIs) target-
ing programmed death-1 (PD-1), its ligand (PD-L1), and 
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), 
either as monotherapy, immunochemotherapy, or dual 
immuno-oncology (IO) combination therapy, has trans-
formed the treatment landscape of many cancer types by 
offering durable responses in a subset of patients. With 
the growing interest in ICIs, the number of indications 
is increasing substantially, and ICIs are approved across 
nearly 20 different cancers. As of 2018, more than 40% of 
cancer patients in the United States were considered eli-
gible for ICIs [1].

With the expansion of ICI use, management of 
immune-related adverse events (irAEs) has been an 
intense focus. Among a wide range of irAEs, ICI-induced 
interstitial lung disease (ILD) is a serious toxicity leading 
to interruption or cessation of treatment and worse sur-
vival outcomes in patients receiving immunotherapy [2]. 
We previously reported that the incidence of ICI-induced 
ILD in the real-world was higher than that reported in 
clinical trials in patients with non-small cell lung cancer 
(NSCLC) [3, 4], and many other studies have been con-
ducted to reveal the features, risk factors, and progno-
sis of ICI-induced ILD [3, 5–8]. Importantly, increased 
activity of immune responses induced by ICIs can 
increase the risk of ILD in patients with NSCLC carry-
ing epidermal growth factor receptor (EGFR) mutations, 
not only when EGFR tyrosine kinase inhibitors, particu-
larly osimertinib, were administered in combination with 
PD-1/PD-L1 inhibitors [9–11], but also when they were 
administered sequentially [9, 12]. The similar influence 
of prior immunotherapy on the frequency of immune-
mediated reactions to subsequent kinase inhibitors has 
been observed in several oncogene-driven NSCLCs and 
melanoma [13–17]. However, although drug-induced 
ILD (DIILD) could be caused by any type of antineoplas-
tic agent [18], it remains unknown whether the incidence 
and severity of DIILD are affected by immediately prior 
ICI therapy. This clinical question is becoming more cru-
cial because upfront IO therapies using ICIs have become 
the standard of care for multiple types of cancers, and 
cancer patients are therefore more likely than before to 
be exposed to subsequent antineoplastic agents after 
receiving ICIs. These subsequent antineoplastic agents 
include a wide range of therapeutics, such as chemother-
apy, molecular targeted therapy, monoclonal antibodies, 

and antibody–drug conjugates, some of which (e.g., tras-
tuzumab deruxtecan [19]) are known to be associated 
with a substantial risk of ILD.

In this study, we conducted a pan-cancer analysis to 
investigate the cumulative incidence, characteristics, and 
risk factors of DIILD in cancer patients in the setting of 
subsequent antineoplastic treatment following prior regi-
mens containing ICIs.

Methods
Study design and patients
In this retrospective, single-center, pan-cancer study, we 
collected the clinical data of consecutive patients with 
pathologically diagnosed advanced or recurrent cancer 
(lung, pleura, kidney, urinary tract, skin, head and neck, 
parathyroid, gastrointestinal tract, and unknown primary 
organ) who had received ICI therapy between September 
2014 and July 2022 at Hamamatsu University Hospital, 
Japan. Data were analyzed from December 2022 to Feb-
ruary 2023. We selected patients aged ≥ 20 years who had 
received subsequent systemic antineoplastic treatment 
that immediately followed regimens containing ICIs, and 
the cumulative incidence and features of DIILD were 
assessed in this treatment setting. Patients for whom sub-
sequent systemic antineoplastic treatment was initiated 
after more than 6 months from the final dose of ICIs were 
excluded [20] because longer intervals, especially more 
than 6 months, from the last dose of ICIs would make the 
potential influence of prior ICIs on adverse events in sub-
sequent regimens elusive [21]. If patients received multi-
ple lines of ICI treatment in a non-consecutive manner, 
DIILD in a subsequent regimen following former ICIs 
was assessed. When patients had received multiple ICIs 
in a consecutive manner, DIILD in a subsequent regimen 
following the latter ICIs was assessed.

After identifying lung cancer patients, particularly 
those who received docetaxel, as possessing a higher 
risk of DIILD, we collected clinical data of consecutive 
ICI-naïve patients with NSCLC treated with docetaxel-
containing regimens between May 2012 and July 2022 at 
Hamamatsu University Hospital as a control. The cumu-
lative incidence of DIILD caused by docetaxel in those 
patients was calculated and compared with that in the 
post-ICI setting.

Data collection
Clinical data at the time of initiation of post-ICI anti-
neoplastic treatment, including age, sex, smoking status, 
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comorbidities, Eastern Cooperative Oncology Group 
performance status (ECOG-PS), treatment line, regi-
mens, adverse events, and laboratory data, were obtained 
from the review of electronic medical records. Original 
pathological information of tumors and cancer stages 
were also reviewed.

Diagnosis of DIILD
DIILD during treatment with post-ICI systemic antineo-
plastic agents was defined as newly appearing interstitial 
findings in the lungs confirmed on high-resolution com-
puted tomography (HRCT) during treatment or within 
30  days of the last treatment administration. Bilateral 
reticular or ground-glass opacities and consolidation 
affecting at least 10% of lung volume on HRCT was con-
sidered compatible with ILD. The threshold of 10% was 
provided to exclude patients with minimal abnormality 
and minimal clinical impact. ILD was diagnosed by phy-
sicians and board-certified radiologists along with board-
certified pulmonologists (Y.K. and Y.I.). ILDs that could 
be explained by other causes such as non-antineoplastic 
drugs, infection, pulmonary edema, radiation pneumo-
nitis, and lymphangitic carcinomatosis of the lungs were 
excluded. ILD patterns on HRCT images with 1.25-mm-
thick sections, including nonspecific interstitial pneumo-
nia (NSIP), organizing pneumonia (OP), hypersensitivity 
pneumonia (HP), diffuse alveolar damage (DAD), and 
simple pulmonary eosinophilia (PEo) patterns, were 
evaluated according to the Fleischner Society’s position 
paper [22]. The severity of DIILD was evaluated accord-
ing to the Common Terminology Criteria for Adverse 
Events version 5.0.

Statistical analysis
Fisher’s exact test and Mann–Whitney U test were used 
to compare characteristics between two groups, and the 
distributions of clinical factors were summarized as fre-
quency (%) or median (range). Median follow-up time 
was estimated by the reverse Kaplan–Meier method. The 
Gray’s test was used to estimate and compare the cumu-
lative incidence of DIILD, and a hazard ratio (HR) with 
95% confidence interval (CI) was calculated using Fine–
Gray’s competing-risks regression. Competing risks were 
defined as death due to any cause and discontinuation 
of post-ICI antineoplastic treatment due to any reason 
other than DIILD. The date of treatment discontinuation 
was defined as 30 days after the last dose of post-ICI anti-
neoplastic treatment, or the date of initiation of new sys-
temic therapy after the last dose of post-ICI treatment, 
whichever occurred earlier [4].

To minimize bias in an attempt to verify results in 
the comparison of cumulative incidence of docetaxel-
induced ILD in NSCLC patients between post-ICI and 

ICI-naïve settings, propensity score matching was per-
formed to create two comparable groups of patients. 
The propensity score for each patient was estimated 
with a logistic regression model that included age (<75 
years versus ≥75 years), sex, ECOG-PS (≤1 versus ≥2), 
and concomitant use of vascular endothelial growth 
factor (VEGF)/VEGF-receptor (R) inhibitors. The near-
est-neighbor matching method with a 1:1 matching 
ratio was used without replacement, with a caliper of 
0.2.

All analyses were performed using EZR statistical 
software [23] version 1.55 (Saitama Medical Center, 
Jichi Medical University, Saitama, Japan). Statistical 
tests were two-sided, and a significance level was set at 
a P-value of < .05 for all analyses.

Results
Characteristics of the study cohort
ICIs were used for 552 cancer patients during the study 
period, among whom 199 patients were treated with 
subsequent systemic therapy that immediately followed 
ICI-containing regimens. Thirteen patients who had 
received subsequent therapy >6  months after the final 
dose of ICIs were excluded, resulting in 186 assess-
able patients (Fig.  1). No patients received concurrent 
thoracic radiotherapy with post-ICI treatment. The 
characteristics of the cohort at the time of initiation of 
post-ICI treatment (baseline) are shown in Table 1. The 
median age was 68 (range, 32–83) years. Male patients 
(N = 143, 76.9%), patients with ECOG-PS of 0 or 1 
(N = 134, 72.0%), and patients with a smoking history 
(N = 130, 70.0%) were predominant. The cohort mainly 
comprised patients with lung cancer (N = 73, 39.2%; 
NSCLC, N = 69, 37.1%; SCLC, N = 4, 2.2%); kidney/
urinary tract cancer (N = 58, 31.2%); and gastrointesti-
nal cancer (N = 28, 15.1%). Preexisting ILD at the time 
of initiation of prior ICI therapy was identified in 25 
patients (13.4%). Thoracic radiotherapy was performed 
before baseline in 34 patients (18.3%). Prior ICI thera-
pies were PD-1/PD-L1 inhibitor monotherapy (N = 126, 
67.7%), immunochemotherapy (N = 39, 21.0%), combi-
nation with molecular targeted agents (N = 14, 7.5%), 
and combined PD-1/PD-L1 and CTLA-4 blockade ther-
apy with or without chemotherapy (N = 7, 3.8%). Prior 
ICI-containing therapies were discontinued because 
of disease progression (N = 145, 78.0%), adverse events 
(N = 33, 17.7%), or deterioration of general condition 
(N = 3, 1.6%). Prior ICI-induced ILD developed in 18 
patients (9.7%), resulting in ICI discontinuation in 16 
of these patients (88.9%). The median interval between 
the last ICI administration and the initiation of post-
ICI treatment was 1.6 (range, 0.5–5.9) months.
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Characteristics of DIILD
DIILD during post-ICI antineoplastic therapy was iden-
tified in 14 patients (7.5%), including 11 patients with 
lung cancer (10 with NSCLC and 1 with SCLC) and 1 
with bladder, esophageal, or buccal mucosa cancer each. 
There was no significant difference in patient character-
istics between patients with or without DIILD, except 
for the presence of pleural effusion, which was more 
commonly observed in patients with DIILD (71.4% vs 
36.0%, P = .02; Additional file  5: Table  S1). Although 
preexisting ILD could be considered a risk factor for 
the development DIILD, there was no significant differ-
ence in the prevalence of ILD between patients with or 
without DIILD (21.4% vs 12.8%, P = .41; Additional file 5: 
Table  S1). Representative chest CT images of the three 
patients with preexisting ILD who developed DIILD are 
shown in Additional file 1: Figure S1 both before initia-
tion of post-ICI antineoplastic therapy and at the time 
of DIILD diagnosis. These patients were diagnosed with 
DIILD instead of exacerbation of preexisting ILD because 
of changes in radiological patterns of newly developed 
abnormalities, and the time of appearance of new inter-
stitial findings in the lungs. The detailed information 
of patients with DIILD is shown in Additional file  6: 
Table S2, and antineoplastic agents that were considered 
to cause DIILD are listed in Additional file  7: Table  S3. 
The median time from treatment initiation to the onset 
of DIILD was 63 (range, 6–201) days. Docetaxel was the 

most common agent to be considered to cause ILD (7 
of 14, 50%). Of the 14 patients with DIILD, radiological 
ILD patterns were classified as OP in 5 patients (35.7%), 
HP in 4 patients (28.6%), DAD in 4 patients (28.6%), and 
PEo in 1 patient (7.1%). The severity of DIILD was grade 
1 or 2 in six patients, grade 3 in five patients, and grade 
5 in three patients (due to osimertinib [N = 2] and doc-
etaxel plus ramucirumab [N = 1]). Among 18 patients 
who had developed prior ICI-induced ILD, three (16.7%) 
again developed DIILD at the post-ICI setting and one of 
them died from DIILD caused by docetaxel plus ramu-
cirumab (Additional file 6: Table S2). Among the surviv-
ing patients, seven responded to corticosteroids, while 
four recovered without corticosteroids after discontinu-
ation of the treatment regimen.

Cumulative incidence of DIILD
The median follow-up time since the initiation of post-
ICI treatment was 13.9 (95% CI 10.0–17.8) months. The 
cumulative incidence of DIILD caused by post-ICI anti-
neoplastic agents at 1, 2, 3, and 6  months after treat-
ment initiation was 1.6% (95% CI 0.4–4.3%), 3.8% (95% 
CI 1.7–7.3%), 4.9% (95% CI 2.4–8.7%), and 7.2% (95% CI 
4.0–11.5%), respectively (Fig. 2a). There were significant 
differences according to cancer type (P = .04), with the 
highest cumulative incidence of DIILD being observed 
in patients with lung cancer (Fig. 2b). When divided into 
the two groups (lung and other cancers), the cumulative 

Fig. 1  Study flow diagram. ICI, immune checkpoint inhibitor; irAEs, immune-related adverse events
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Table 1  Patient characteristics

a Twenty-three patients were treated with molecular targeted therapy combined with cytotoxic agents including antibody–drug conjugates

CTLA-4: cytotoxic T-lymphocyte-associated antigen 4; ECOG: Eastern Cooperative Oncology Group; ICIs: immune checkpoint inhibitors; ILD: interstitial lung disease; 
irAEs: immune-related adverse events; PD-1: programmed death-1; PD-L1: programmed death-ligand 1; PS: performance status

Patients, No. (%)

All patients
(N = 186)

Age, median (range), y 68 (32–83)

Sex

 Male 143 (76.9)

 Female 43 (23.1)

ECOG-PS

 0 or 1 134 (72.0)

 ≥2 52 (28.0)

Smoking status

 Never 36 (19.4)

 Current or former 130 (70.0)

 Unknown 20 (10.8)

Stage

 III 29 (15.6)

 IV 116 (62.4)

 Recurrence 41 (22.0)

Primary organ

 Lung/pleura 74 (39.8)

 Kidney/urinary tract 58 (31.2)

 Skin 10 (5.4)

 Gastrointestinal tract 28 (15.1)

 Head and neck 16 (8.6)

History of prior thoracic radiotherapy 34 (18.3)

Prior PD-1/PD-L1 inhibitors

 Nivolumab 89 (47.8)

 Pembrolizumab 64 (34.4)

 Atezolizumab 22 (11.8)

 Durvalumab 6 (3.2)

 Avelumab 5 (2.7)

Prior ICI treatment

 Monotherapy 126 (67.7)

 Immunochemotherapy 39 (21.0)

 Combination with CTLA-4 blockade therapy with or without chemotherapy 7 (3.8)

 Combination with molecular targeted agents 14 (7.5)

irAEs in prior ICI regimens

 ICI-induced ILD 18 (9.7)

 Others 62 (33.3)

Duration of ICI therapy, median (range), m 4.0 (0.5–39.9)

Post-ICI antineoplastic therapy

 Cytotoxic chemotherapy alone 106 (57.0)

 Molecular targeted therapy with or without cytotoxic agentsa 80 (43.0)

Treatment line

 2nd 69 (37.1)

 3rd 61 (32.8)

 ≥4th 56 (30.1)

Duration of post-ICI antineoplastic therapy, median (range), m 3.0 (0.5–39.9)
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incidence of DIILD was significantly higher in patients 
with lung cancer (P < .001), with that at 1, 2, 3, and 
6 months being 4.1% vs 0.9%, 8.2% vs 0.9%, 9.7% vs 1.8%, 
and 14.0% vs 2.7%, respectively (Fig.  2c). There was no 
significant difference in cumulative incidence of DIILD 
between treatment types (cytotoxic chemotherapy alone 
vs molecular targeted therapy; Additional file 2: Fig. S2).

Fine–Gray analyses for predicting DIILD caused by 
post-ICI treatment are shown in Table  2. In univariable 
analyses, a history of ICI-induced ILD (HR, 3.99; 95% CI 
1.29–12.39; P = .02), lung cancer (HR, 6.19; 95% CI 1.75–
21.91; P = .005), and the presence of pleural fluid (HR, 
4.15; 95% CI 1.31–13.16; P = .02) were significantly asso-
ciated with DIILD. When adjusted for ICI-induced ILD 
history, lung cancer alone remained significantly associ-
ated with DIILD (HR, 5.33; 95% CI 1.52–18.75; P = .009). 
Similarly, when adjusted for the presence of pleural fluid, 
lung cancer alone also remained significantly associated 
with DIILD (HR, 4.72; 95% CI 1.38–16.11; P = .01).

Because lung cancer was identified as an independ-
ent factor associated with DIILD, we next compared 
the patients’ characteristics with lung cancer and other 
cancers (Additional file  8: Table  S4). Some comorbidi-
ties including hypertension (45.2% vs 29.2%; P = .03), 
chronic obstructive pulmonary disease (19.2% vs 5.3%; 
P = .006), and pleural fluid (56.2% vs 27.4%; P < .001) were 
significantly more common in the lung cancer group, 
whereas preexisting ILD was significantly less common 
in this group (6.8% vs 17.7%; P = .046). The proportion 
of patients with a history of prior thoracic radiotherapy 
was significantly higher in lung cancer patients (28.8% 
vs 11.5%; P = .004). Again, however, lung cancer alone 
remained significantly associated with the development 

of DIILD (HR, 6.45; 95% CI 1.83–22.69; Fine–Gray 
P = .004) when adjusted for the history of prior thoracic 
radiotherapy (Table 2).

Comparison of docetaxel‑induced ILD in NSCLC patients 
between the post‑ICI and ICI‑naïve settings
In lung cancer patients, docetaxel-containing regimens 
were most frequently selected as post-ICI treatments (28 
of 73 patients [38.4%]). Notably, six of 11 cases (54.5%) of 
DIILD in patients with lung cancer were caused by doc-
etaxel, all of which had NSCLC histology. There were four 
NSCLC patients who had been treated with durvalumab 
after chemoradiotherapy for stage III disease, and ILD 
was developed in one of these patients by docetaxel 
(Additional file  6: Table  S2). The cumulative incidence 
of docetaxel-induced ILD was numerically higher com-
pared with that of ILD caused by other cytotoxic agents, 
but there was no significant difference (P = .13; Addi-
tional file 3: Fig. S3a). Similarly, there was no significant 
difference in cumulative incidence of DIILD between 
patients who received taxane-based or non-taxane-based 
regimens (P = .09; Additional file 3: Fig. S3b). To explore 
whether prior ICI treatment affects the incidence of doc-
etaxel-induced ILD in patients with NSCLC, we next col-
lected the clinical data of consecutive ICI-naïve NSCLC 
patients who were treated with docetaxel-containing reg-
imens as a control cohort (N = 55). This cohort included 
four patients with stage III disease who had been treated 
with platinum-based chemotherapy concurrently with 
definitive radiation therapy before receiving docetaxel. 
The characteristics of patients receiving docetaxel at 
either the post-ICI or ICI-naïve setting are shown in 
Table 3. In the ICI-naive cohort, docetaxel-induced ILD 

Fig. 2  Cumulative incidence of drug-induced interstitial lung disease (DIILD) in cancer patients receiving subsequent antineoplastic therapy 
following prior immune checkpoint inhibitor-containing regimens. a Cumulative incidence of DIILD in the entire pan-cancer cohort. b Cumulative 
incidence of DIILD according to cancer type. c Cumulative incidence of DIILD in patients with lung cancer or other cancer types
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Table 3  Characteristics of patients with non-small cell lung cancer treated with docetaxel with or without prior ICI treatment

a Other histology includes NSCLC not otherwise specified, large cell neuroendocrine carcinoma, and adenosquamous carcinoma
b VEGF/VEGF-R inhibitors include ramucirumab (full study population, N = 17 [post-ICI] vs N = 5 [ICI-naive]; propensity score-matched cohort, N = 12 [post-ICI] vs N = 5 
[ICI-naive]) and bevacizumab (full study population, N = 0 [post-ICI] vs N = 9 [ICI-naive]; propensity score-matched cohort, N = 0 [post-ICI] vs N = 7 [ICI-naive])

COPD: chronic obstructive pulmonary disease; ECOG: Eastern Cooperative Oncology Group; ICI: immune checkpoint inhibitor; ILD: interstitial lung disease; irAEs: 
immune-related adverse events; NA: not applicable; PS: performance status; VEGF: vascular endothelial growth factor; VEGF-R: vascular endothelial growth factor-
receptor

Patients, No. (%)

Full study population Propensity score-matched cohort

Post-ICI ICI-naïve P-value Post-ICI ICI-naïve P-value

(N = 28) (N = 55) (N = 23) (N = 23)

Age, median (range), y 67 (43–79) 65 (33–83) .18 66 (43–79) 65 (44–83) .82

Sex

 Male 22 (78.6) 40 (72.7) .61 17 (73.9) 17 (73.9) >.99

 Female 6 (21.4) 15 (27.3) 6 (26.1) 6 (26.1)

ECOG-PS

 0 or 1 23 (82.1) 46 (72.1) >.99 19 (82.6) 18 (78.3) >.99

 ≥2 5 (17.8) 9 (27.9) 4 (17.4) 5 (21.7)

Smoking status

 Never 4 (14.3) 13 (23.6) .39 3 (13.0) 7 (30.4) .16

 Current or former 24 (85.7) 40 (72.7) 20 (87.0) 15 (65.2)

 Unknown 0 (0) 2 (3.6) 1 (4.3)

Histological subtype

 Adenocarcinoma 21 (75.0) 37 (67.3) .82 16 (69.6) 17 (73.9) >.99

 Squamous cell carcinoma 4 (14.3) 11 (20.0) 4 (17.4) 3 (13.0)

 Othera 3 (10.7) 7 (12.7) 3 (13.0) 3 (13.0)

Comorbidity

 Hypertension 12 (42.9) 17 (30.9) .33 9 (39.1) 9 (39.1) >.99

 Diabetes mellitus 7 (25.0) 8 (14.5) .36 5 (21.7) 6 (26.1) >.99

 COPD 3 (10.7) 6 (10.9) >.99 3 (13.0) 3 (13.0) >.99

 Pulmonary emphysema 13 (46.4) 23 (41.8) .81 11 (47.8) 9 (39.1) .76

 Pleural fluid 16 (57.2) 19 (34.5) .06 14 (60.9) 10 (43.5) .37

 ILD 2 (7.1) 5 (9.1) >.99 2 (8.7) 3 (13.0) >.99

 Radiation pneumonitis 3 (10.7) 5 (9.1) >.99 3 (13.0) 1 (4.3) .61

 Cardiovascular disease 2 (7.1) 10 (18.2) .32 2 (8.7) 3 (13.0) >.99

 Renal disorder 0 (0) 2 (3.6) .54 0 (0) 2 (8.7) .48

Stage

 III 5 (17.2) 13 (23.6) .58 5 (21.7) 4 (17.4) .43

 IV 20 (69.0) 38 (69.1) 17 (73.9) 15 (65.2)

 Recurrence 3 (10.7) 4 (7.3) 1 (4.3) 4 (17.4)

History of prior thoracic radiotherapy 6 (21.4) 10 (18.2) .77 6 (26.1) 2 (8.7) .24

irAEs in prior ICI therapy

 ICI-induced ILD 2 (7.1) NA 1 (4.3) NA

 Others 12 (42.9) 10 (43.5)

Docetaxel treatment

 Monotherapy 10 (35.7) 29 (52.7) .004 10 (43.5) 10 (43.5)  >.99

 With VEGF/VEGF-R inhibitorsb 17 (60.7) 14 (25.5) 12 (52.2) 12 (52.2)

 With cisplatin 1 (3.6) 12 (21.8) 1 (4.3) 1 (4.3)

Treatment line

 ≤3rd 25 (89.3) 48 (87.3)  >.99 21 (91.3) 18 (78.3) .41

 ≥4th 3 (10.7) 7 (12.7) 2 (8.7) 5 (21.7)

Duration of docetaxel therapy, median (range), m 2.0 (0.5–10.1) 2.6 (0.5–22.1) .95 2.1 (0.5–10.1) 1.6 (0.5–22.1) .86

Total cycle of docetaxel, median (range) 3 (1–14) 4 (1–31) .91 3 (1–13) 3 (1–31) .93
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was identified in four patients (7.3%). The severities 
of ILD were grade 1, 2, 3, or 5 in one patient each. Two 
patients responded to corticosteroids and one recov-
ered after discontinuation of docetaxel without specific 
treatment. One patient died after high-dose corticos-
teroid treatment. While not statistically significant, the 
cumulative incidence of docetaxel-induced ILD was 
numerically higher in ICI-pretreated patients than in 
ICI-naïve patients (HR, 2.99; 95% CI 0.86–10.36; Fine–
Gray P = .09), with that being 14.3% vs 5.6% at 3 months 
and 21.4% vs 7.6% at 6 months (Additional file 4: Fig. S4). 
After matching (23 patients per group; Table 3), the dif-
ference in the cumulative incidence of docetaxel-induced 
ILD between both groups appeared clinically meaning-
ful, but remained not statistically significant (HR, 5.37; 
95% CI 0.64–45.33; Fine–Gray P = .12), with that being 
13.0% vs 4.3% at 3 months and 21.7% vs 4.3% at 6 months 
(Fig. 3).

Discussion
With ICI indications continuing to increase, attention 
has been paid to the durable effects of ICIs that predis-
pose patients receiving prior ICI therapy to potentially 
increased risk and severity of irAEs during subsequent 
molecular targeted treatment [9, 12–17]. However, there 
is a dearth of knowledge as to whether the incidence and 
severity of DIILD are influenced by the prolonged nontu-
mor-specific immune activation resulting from prior ICIs 
during subsequent systemic antineoplastic treatment in 
general or in a specific context according to the cancer 
type and therapeutic agent. In this study, we observed a 

higher cumulative incidence of DIILD in patients with 
lung cancer compared with those with other cancers. We 
also revealed that, among anticancer agents administered 
to lung cancer patients, docetaxel was the most com-
mon cause of DIILD. Of potential importance, docetaxel-
induced ILD incidence was numerically higher in the 
post-ICI setting compared with that in ICI-naïve NSCLC 
patients, although there was no significant difference.

Our finding that lung cancer patients are at unique risk 
of DIILD is in keeping with previous literature, and has 
been suggested to result from multiple factors including 
a pulmonary tumor burden affecting the microenviron-
ment and inflammatory response, exposure to tobacco 
smoke, and the underlying lung status [8, 24–26]. In the 
present study, several factors, such as chronic obstructive 
pulmonary disease, pleural fluid, and a history of prior 
thoracic radiotherapy, were more common in patients 
with lung cancer compared with other types of cancer, 
although patients with preexisting ILD appeared to be 
more strictly excluded from the use of ICIs in lung cancer 
patients.

In this study, docetaxel was the most common cause 
of DIILD in patients with NSCLC in the post-ICI set-
ting. Since chemo-IO as first-line treatment for NSCLC 
[27–29] was designated a standard of care, docetaxel is 
frequently used as the second-line treatment after prior 
use of ICIs. Furthermore, ICIs have also been used as 
second-line treatment after platinum-based chemother-
apy based on landmark trials [30–33], and docetaxel is an 
option after ICI failure in this setting. Therefore, patients 
with NSCLC are likely to receive docetaxel after the use 
of ICIs, which should be considered when interpreting 
our results. In the present study, there was no signifi-
cant difference in cumulative incidence of ILD between 
NSCLC patients receiving docetaxel or other cytotoxic 
regimens (Additional file  2: Fig. S2a), which was partly 
because of the small number of patients. Neverthe-
less, the identification of docetaxel as an inducer of ILD 
is supported by previous reports showing that the rate 
of grade 3 or 4 ILD caused by docetaxel ranged from 7 
to 47% in NSCLC patients, which appeared to depend 
on several factors including total dose and concomitant 
treatment with other agents and radiotherapy [34], and 
that docetaxel is one of the cytotoxic agents most likely 
to cause acute exacerbations of ILD with lung cancer [35, 
36]. In the present study, all the docetaxel-induced ILDs 
in NSCLC patients developed within 4 months of treat-
ment initiation (median [range], 52 days [9–120]), which 
suggests a need for close monitoring in the early phase of 
treatment.

Fig. 3  Cumulative incidence function for the risk of developing 
docetaxel-induced interstitial lung disease in propensity 
score-matched patients with non-small cell lung cancer 
at the post-immune checkpoint inhibitor (ICI) or ICI-naïve setting
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One of the notable findings of this study was that prior 
ICIs might have been associated with increased risk of 
ILD when docetaxel was subsequently used in patients 
with lung cancer. This is supported by another Japanese 
study reporting that combination therapy with docetaxel 
and ramucirumab, an anti-VEGFR-2 monoclonal anti-
body, tended to increase pneumonitis in ICI-pretreated 
compared with ICI-naïve NSCLC patients (17% vs 4.8%) 
[37]. As Japanese patients are susceptible to DIILD [38], 
it might not be possible to generalize these observations 
among different ethnicities. Furthermore, it should be 
taken into consideration that the difference in the cumu-
lative incidence of docetaxel-induced ILD between post-
ICI and ICI-naïve settings in the present study was not 
significant. This could have partly been because of the 
limited patient numbers, and this requires further well-
designed studies.

Based on the results in the REVEL study showing the 
improved survival of NSCLC patients receiving ramu-
cirumab plus docetaxel who had progressed during or 
after first-line platinum-based chemotherapy as com-
pared with placebo plus docetaxel [39], ramucirumab 
has been favorably used with docetaxel. In the phase 
III RELAY study, the incidence of ILD was reported to 
be lower in the ramucirumab plus erlotinib arm than 
in the placebo plus erlotinib arm [40]. Similarly, in the 
phase III NEJ026 trial, no patients developed ILD in the 
bevacizumab (an anti-VEGF monoclonal antibody) plus 
erlotinib arm, compared with 4% in the erlotinib mono-
therapy arm [41]. The incidence of ILD was also reported 
to be lower in the osimertinib plus bevacizumab arm 
(3%) than in the osimertinib monotherapy arm (18%) in 
the randomized phase II WJOG9717L study [42]. Fur-
thermore, bevacizumab might potentially prevent the 
development of acute exacerbation of ILD in patients 
with nonsquamous NSCLC [43]. However, although the 
incidence of docetaxel-induced ILD was numerically 
higher in the post-ICI group than in the ICI-naïve group 
in the present study, NSCLC patients receiving docetaxel 
were more frequently treated with concomitant VEGF/
VEGFR inhibitors in the post-ICI setting (60.7% vs 25.5%; 
Table 3). Given the potential of VEGF/VEGFR inhibitors 
to inhibit the development of DIILD, we adjusted this 
imbalance by propensity score matching. Additionally, in 
our study no patients with NSCLC received nintedanib, 
an intracellular inhibitor that targets multiple tyrosine 
kinases including VEGF, FGF, and PDGF receptors [44], 
in combination with docetaxel, because this combina-
tion therapy has yet to be approved in Japan. Whether 
antiangiogenic agents possess a protective ability against 

docetaxel-induced ILD, particularly in the post-ICI set-
ting, warrants further study.

There are several limitations of this study. This was a 
retrospective study conducted at a single center. How-
ever, it would be difficult to prospectively compare the 
incidence of DIILD according to the presence of prior 
immunotherapy in the current IO era. The variable dura-
tion of prior ICI therapy in this study should also be 
acknowledged. Whether dose or duration of prior ICI 
therapy is associated with an increased risk of post-ICI 
DIILD requires larger, prospective studies. Another limi-
tation is the relatively small numbers of individual can-
cer types. In addition, a small number of DIILD events 
(N = 4) in the ICI-naïve NSCLC cohort precludes solid 
comparisons between post-ICI and ICI-naïve patients, 
particularly after matching. Furthermore, the propor-
tions of concomitant use of VEGF/VEGFR inhibitors 
with docetaxel in NSCLC patients were not balanced 
between the post-ICI and ICI-naïve groups, likely 
because of the proximity of the approval dates of ramu-
cirumab and ICIs. Nevertheless, we attempted to elimi-
nate bias in the patient selection using a propensity score 
matching method. Finally, the true causative relationships 
of identified agents with ILD were hardly to be proved, 
particularly considering the specific background in this 
study as the post-ICI setting where ICIs as well as other 
agents used in prior treatment lines should have played 
some roles for the development of ILD.

Conclusions
Our results suggest that patients with lung cancer, com-
pared with a range of other types of cancer, may uniquely 
have a high risk of developing DIILD in subsequent regi-
mens after ICI treatment. Whether NSCLC patients are 
predisposed to an additional risk of docetaxel-induced 
ILD by prior ICIs should be addressed in further studies, 
because our findings are hypothesis-generating. Those 
studies, together with our results, would enable more 
accurate clinical risk–benefit assessment for DIILD in 
cancer patients who are due to receive subsequent sys-
temic therapy after failure of ICIs.
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Additional file 1: Figure S1. Chest CT images showing preexisting inter-
stitial lung disease (ILD) and drug-induced ILD (DIILD) at the post-ICI set-
ting. Each case number corresponds to that in Table S2. In case 11 (a man 
with non-small cell lung cancer), CT before initiation of docetaxel therapy 
following prior durvalumab monotherapy showed localized subpleural 
reticulation in the lower right lobe (a). CT at the onset of DIILD demon-
strated new diffuse ground-glass opacity (GGO) (b). In case 12 (a man 
with bladder cancer), CT before initiation of enfortumab vedotin therapy 
following prior pembrolizumab monotherapy showed bilateral peripheral 
linear shadows with slight GGO (c). CT at the time of DIILD diagnosis 
showed extensive bilateral areas of GGO and airspace consolidation with 
traction bronchiectasis (d). In case 14 (a man with esophageal cancer), CT 
before initiation of docetaxel therapy following prior nivolumab mono-
therapy showed slight subpleural reticulation and GGO with interlobular 
septal thickening in the right lower lobe (e). CT image at the onset of 
DIILD demonstrated multifocal patchy alveolar opacities (f).

Additional file 2: Figure S2. Cumulative incidence of the risk of develop-
ing interstitial lung disease caused by cytotoxic chemotherapy alone 
or molecular targeted therapy with or without chemotherapy in cancer 
patients after receiving immune checkpoint inhibitors.

Additional file 3: Figure S3. Cumulative incidence of the risk of develop-
ing cytotoxic chemotherapy-induced interstitial lung disease (ILD) in 
patients with non-small cell lung cancer after receiving immune check-
point inhibitors. a Cumulative incidence of ILD according to treatment 
regimen (a, docetaxel vs other cytotoxic regimens; b, taxane-based vs 
non-taxane-based cytotoxic regimens).

Additional file 4: Figure S4. Cumulative incidence function for the risk 
of developing docetaxel-induced interstitial lung disease in patients with 
non-small cell lung cancer at the post-immune checkpoint inhibitor (ICI) 
or ICI-naïve setting.

Additional file 5: Table S1. Patient characteristics according to post-ICI 
drug-induced interstitial lung disease.

Additional file 6: Table S2. Clinical characteristics of patients with drug-
induced interstitial lung disease caused by post-ICI antineoplastic therapy 
(N = 14).

Additional file 7: Table S3. Antineoplastic agents administered immedi-
ately following prior ICI-containing regimens.

Additional file 8: Table S4. Patient characteristics according to cancer 
type (lung cancer vs others).
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