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Abstract
Purpose  This study investigated the safety and efficacy of epidermal growth factor receptor (EGFR)-tyrosine kinase inhibitor 
(TKI) re-administration after recovery from EGFR-TKI-induced interstitial lung disease (ILD).
Methods  This multicenter retrospective study collected data from consecutive advanced NSCLC patients who underwent 
EGFR-TKI re-administration after recovery from EGFR-TKI-induced ILD.
Results  Fifty-eight patients were registered. The grades of initial TKI-induced ILD were grade 1 to 4. TKIs used for re-
administration were erlotinib for 15 patients, osimertinib for 15, gefitinib for 14, afatinib for 13 patients, and dacomitinib 
for 1 patient. ILD recurred in 13 patients (22.4%), comprising 3 patients with grade 1, 6 patients with grade 2, and 4 patients 
with grade 3. No significant associations were found between ILD recurrence and age, smoking history, performance status, 
time from initial ILD to TKI re-administration, or concomitant corticosteroid use. However, the incidence of ILD recurrence 
was high in cases of repeated use of gefitinib or erlotinib or first time use of osimertinib at TKI re-administration. The ILD 
recurrence rate was lowest in patients treated with first time use of gefitinib (8%) or erlotinib (8%), followed by patients 
treated with repeated use of osimertinib (9%). The response rate, median progression-free survival by TKI re-administration, 
and median overall survival were 55%, 9.6 and 84.8 months, respectively.
Conclusion  This study showed that EGFR-TKI re-administration is a feasible and effective treatment for patients who 
recovered from EGFR-TKI-induced ILD. Our results indicate that re-administration of EGFR-TKI is an important option 
for long-term prognosis after recovery from EGFR-TKI-induced ILD.

Keywords  Epidermal growth factor inhibitor · Interstitial lung disease · Pneumonitis · Rechallenge · Response rate · 
Survival

Introduction

Epidermal growth factor receptor (EGFR)-tyrosine kinase 
inhibitors (TKIs) are currently the most effective treatment 
for advanced non-small cell lung cancer (NSCLC) with 
EGFR mutations and can result in marked tumor shrink-
age. However, EGFR-TKI-induced interstitial lung disease 
(ILD) can occur as a critical, potentially lethal, adverse 
event. Because EGFR-TKI-induced ILD can be severe, once 

it occurs, EGFR-TKIs are generally discontinued and corti-
costeroids are used as needed.

Several clinical trials have reported a frequency of 
EGFR-TKI-induced ILD ranging from 1.3 to 5.3% [1–3]. A 
higher frequency of ILD was reported in osimertinib-treated 
patients in the FLAURA trial (4% in osimertinib vs 2.2% in 
gefitinib or erlotinib groups) and in Asian subset (6% in osi-
mertinib vs 2% in gefitinib or erlotinib groups) [4, 5]. In the 
Japanese subset in FLAURA, the frequency of osimertinib-
induced ILD was even higher, with 8 (12.3%) patients in the 
osimertinib group and one (1.8%) in the gefitinib group [6]. 
Even in patients treated with first- and second-generation 
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EGFR-TKIs, a high incidence of ILD (17/196 patients, 8.6%) 
was reported in real-world evidence in Japan [7].

In a retrospective study of 11 patients who received 
EGFR-TKI after recovery from EGFR-TKI-induced ILD, 
ILD recurred in one patient [8]. One study of five cases 
treated with EGFR-TKI re-administration reported grade 3 
ILD in one case [7]. Another study of four cases reported no 
ILD recurrence [9]. In these case series studies, the overall 
response rates to EGFR-TKI re-administration were very 
high (75–100%) [7–9]. While cases successfully treated 
with EGFR-TKI re-administration have been reported, the 
number of cases reported so far have been small and thus the 
frequency and severity of recurrent EGFR-TKI-induced ILD 
are not well understood. There are currently no guidelines on 
whether EGFR-TKIs should be used again during the course 
of treatment after EGFR-TKI-induced ILD. Unmet needs 
exist in this population.

We conducted this study to obtain useful information 
regarding the benefits and drawbacks of EGFR-TKI re-
administration by evaluating the efficacy and adverse events 
of EGFR-TKI re-administration in patients after recovery 
from EGFR-TKI-induced ILD.

Materials and Methods

Patients and Study Design

In this multicenter, retrospective CS-Lung-005 study, 
patients who met the following criteria were included: 
(1) patients with pathologically confirmed recurrent or 
advanced NSCLC with sensitizing EGFR mutation at diag-
nosis, (2) patients who experienced ILD caused by EGFR-
TKI, (3) patients who discontinued EGFR-TKI because of 
EGFR-TKI-induced ILD, (4) patients who recovered from 
EGFR-TKI-induced ILD, and (5) patients who received 
EGFR-TKI again from April 1, 2007 to July 31, 2022. The 
type of EGFR-TKI, therapeutic line of EGFR-TKI, and con-
comitant medications were not specified for either first or 
second administration of EGFR-TKI. Patients in which ini-
tial TKI was continued after the onset of ILD were excluded 
in this study.

The primary endpoint was the frequency of recurrent ILD 
after re-administration of EGFR-TKI. The secondary end-
points were grade of ILD, adverse events other than ILD, 
response rate, progression-free survival (PFS), and overall 
survival (OS).

This study was approved by the Research Ethics Commit-
tee of Kagawa University Faculty of Medicine (no. 2022-
117) and Japanese Red Cross Kochi Hospital (no. 432). We 
obtained informed consent for the use of patient information 
through an opt-out form or a written form because of the 
retrospective nature of the study.

Evaluation of EGFR‑TKI‑Induced ILD

The evaluation of ILDs on high-resolution CT was per-
formed in accordance with the American Thoracic Society/
European Respiratory Society/Japanese Respiratory Soci-
ety/Latin American Thoracic Society statement [10, 11]. 
The commonly described patterns of drug-related pneumo-
nitis include nonspecific interstitial pneumonia, organizing 
pneumonia, diffuse alveolar damage (DAD), hypersensitiv-
ity pneumonitis, and simple pulmonary eosinophilia [12]. 
EGFR-TKI-induced ILDs were diagnosed by respiratory 
specialists at each institute on the basis of the patients’ 
clinical features, radiologic findings, and bronchoscopic 
examination when available. The toxicity severity of pneu-
monitis was determined using the Common Terminology 
Criteria for Adverse Events version 5.

Statistical Analysis

PFS was defined as the time between the start of re-admin-
istration of EGFR-TKI and the diagnosis of disease pro-
gression or death. OS was defined as the time between the 
date of diagnosis or recurrence and date of death from 
any cause. PFS and OS curves were constructed by the 
Kaplan–Meier method, and differences in survival were 
compared using the log-rank test. Fisher’s exact test, 
chi-square test, and Student’s t test were used to analyze 
patient characteristics. All statistical analyses were con-
ducted using BellCurve for Excel v.4.05 (Social Survey 
Research Information Co., Ltd., Japan).

Results

Patient Characteristics and Status of Initial 
TKI‑Induced ILD

Fifty-eight patients were registered. The characteristics of 
the patients at diagnosis of lung cancer and initial EGFR-
TKI treatment that induced ILD are shown in Table 1. 
Of the 36 patients who were treated with osimertinib, 24 
received osimertinib as first-line therapy. Information on 
initial TKI-induced ILD is summarized in Table 2. The 
median onset of initial TKI-induced ILD was 61 days. 
Most cases were grade 1 or 2, while 11 cases were grade 
3, and 1 case was grade 4. Thirty patients were treated 
with corticosteroids.
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Status of TKI Re‑administration and ILD Recurrence 
Rate

EGFR-TKIs used at re-administration varied and included 
gefitinib for 14 cases, erlotinib for 15, afatinib for 13, and 
osimertinib for 15 (Table 3). Concomitant corticoster-
oids were administered in 17 patients, and concomitant 
anti-angiogenic agents were administered in 3 patients. 
ILD was induced in 13 patients (22.4%) after TKI re-
administration (Table 2). 95% interval of incidence of 
ILD was calculated as 11.68–33.15%. The grade of TKI 
re-administration-induced ILD was grade 1 in 3 patients, 

grade 2 in 6 patients, and grade 3 in 4 patients. There 
were no patients with grade 4 or 5 ILD. In all cases, the 
radiographic pattern was non-DAD. Corticosteroids were 
used for nine patients. Among 4 patients with grade 3 ILD, 
three improved and one died of cancer progression during 
steroid therapy. There were no other serious adverse events 
by re-administration of TKI.

We examined factors involved in the development of TKI 
re-administration-induced ILD (Table 3). There were no sig-
nificant differences in patient characteristics and status of 
TKI re-administration such as smoking history, performance 
status, therapeutic line, concomitant corticosteroid use, 
T790M, and status of initial TKI-induced ILD. Thirty cases 
received cytotoxic chemotherapy between initial TKI admin-
istration and re-administration: platinum-doublets were the 
first choice in all cases, followed by other cytotoxic agents 
in 13 cases. There was no difference in such therapeutic 
situation between TKI re-administration-induced ILD and 
no ILD groups. There was no difference in the incidence 
of ILD by type of TKI at re-administration. However, the 
incidence of ILD was different depending on the adminis-
tration pattern of the initial and second TKIs (Table 3 and 
Fig. 1A). At re-administration, gefitinib was selected in 12 
patients as the first time use; that is, these 12 patients were 
initially treated with a TKI other than gefitinib. ILD was 
observed in one patient (ILD recurrence rate was 8%). In 
three patients, the initial TKI was gefitinib and the second 
TKI was also gefitinib (second time use); ILD was observed 
in all three patients (ILD recurrence rate was 100%). Simi-
lar to gefitinib, ILD recurrence was observed in 1 (8%) of 
12 patients who were initially treated with erlotinib and in 
2 (67%) of 3 in patients re-treated with erlotinib (second 
time use). In contrast, ILD was observed in 3 (75%) of 4 in 
patients treated with osimertinib as the first time use and in 
1 (9%) of 11 in patients treated with osimertinib as second 

Table 1   Patient and tumor characteristics

ILD interstitial lung disease, NE not evaluated, PD progressive dis-
ease, PR partial response, SD stable disease
*One patient was treated with addition of bevacizumab

Characteristic Total (n = 58)

Age at diagnosis for lung cancer, average (range) 71 (39–85)
Gender, male/female 25/33
Smoking history, smoker/never smoker 29/29
Pack-years in smokers, average (range) 27 (0.5–144)
Histology, adenocarcinoma/NSCLC 55/3
Type of EGFR mutation, exon19 del/L858R/exon-

19del + T790M/unknown
27/28/1/2

Clinical stage, III/IV/relapse 6/35/17
Initial EGFR-TKI which induced ILD
 Gefitinib 6
 Erlotinib* 8
 Afatinib* 8
 Osimertinib 36
 Therapeutic line, 1/2/3/4/5/6th 36/13/2/4/1/2
 Response, PR/SD/PD/NE 37/9/1/11

Table 2   Initial TKI-induced 
ILD and TKI re-administration-
induced ILD

AEP acute eosinophilic pneumonia, DAD diffuse alveolar damage, HP hypersensitivity pneumonia, ILD 
interstitial lung disease, NA not assessed, NSIP non-specific interstitial pneumonia, OP organizing pneumo-
nia, TKI tyrosine kinase inhibitor

Characteristic Initial TKI-induced ILD 
(n = 58)

TKI re-administra-
tion-induced ILD 
(n = 13)

Incidence NA 13/58 (22.4%)
Onset, days from TKI, median 61 (4–537) 66 (3–446)
CTCAE Grade, 1/2/3/4 26/20/11/1 3/6/4/0
Radiological pattern of TKI-induced ILD
 DAD 4 0
 Non-DAD 53 13
  HP/OP/AEP/NSIP/unclassifiable 11/23/8/4/7  3/5/1/2/2

  Undetermined 1 0
Treatment with corticosteroid, yes (with pulse 

therapy)/no
30 (8)/28 9 (4)/4
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Table 3   Characteristics at EGFR-TKI re-administration

CTCAE common terminology criteria for adverse events, CR complete response, DAD diffuse alveolar damage, ECOG Eastern Cooperative 
Oncology Group, ILD interstitial lung disease, NE not evaluated, PD progressive disease, PR partial response, SD stable disease, TKI tyrosine 
kinase inhibitor
*At diagnosis for lung cancer
a One patient was treated with addition of bevacizumab
b Two patients were treated with addition of ramucirumab

Characteristic Total (n = 58) TKI re-administration-
induced ILD ( +) (n = 13)

TKI re-administration-
induced ILD ( −) (n = 45)

P value

Age*, average (range) 71 (39–85) 69 (57–84) 71 (39–85) 0.96
Gender, male/female 25/33 9/4 16/29 0.05
Smoking history, smoker/never smoker 29/29 8/5 21/24 0.53
Pack-years in smokers, average (range) 27 (1–144) 33.5 (0.5–54) 27 (1.25–144) 0.53
ECOG performance status, 0/1/2 12/39/7 1/10/2 11/29/5 0.42
Type of EGFR mutation, exon19del/L858R/exon19del + T790M/unknown 27/28/1/2 5/7/0/1 22/21/1/1 0.75
EGFR T790M, yes/no 6/52 3/10 3/42 0.12
Clinical stage, III/IV/relapse 6/35/17 1/5/7 5/30/10 0.09
Status of TKI re-administration
 TKI used at re-administration

  Gefitinib 14 4 10 0.88
  Erlotiniba,b 15 3# 12$

  Afatinib 13 2 11
  Dacomitinib 1 0 1
  Osimertinib 15 4 11

Same/Different from initial TKI 17/41 6/7 11/34 0.17
 Individual TKI administration pattern

  Gefitinib as first time use 12 1 (8%) 11  < 0.01
  Gefitinib as 2nd time use 3 3 (100%) 0
  Erlotinib as first time use 12 1 (8%) 11
  Erlotinib as 2nd time use 3 2 (67%) 1
  Afatinib as first time use 12 2 (17%) 10
  Dacomitinib as first time use 1 0 (0%) 1
  Osimertinib as first time use 4 3 (75%) 1
  Osimertinib as 2nd time use 11 1 (9%) 10

Therapeutic line, 2/3/4/5/6/7th 17/18/12/7/0/4 5/5/2/1/0/0 12/13/10/6/0/4 0.66
 Treatment with corticosteroid, dosage of prednisolone at the start of TKI re-administration (mg)

  Yes / no 17 / 41 4 / 9 13 / 32 1.00
  0/2.5/5/10/15/20/over 25 41/3/3/3/3/2/3 9/0/2/0/1/1/0 32/3/1/3/2/1/3

 Response
  PR/SD/PD/NE 28/20/3/7 5/5/1/2 23/15/2/5 0.74
  Response rate (%)/Disease control rate (%) 55/94 45/91 58/95 0.51

Status of initial TKI-induced ILD
 CTCAE Grade, 1/2/3/4 26/20/11/1 5/6/2/0 21/14/9/1 0.75
 Onset, days from initial TKI, median (range) 61 (4–537) 51 (15–537) 61 (4–457) 0.42
 Radiological pattern of initial TKI-induced ILD, DAD/non-DAD/unde-

termined
4/53/1 0/13/0 4/40/1 0.56

 Dosage of corticosteroid (prednisolone, mg), median (range) 45 (10–70) 40 (20–60) 50 (10–70) 0.45
 Duration of corticosteroid, median (range), days, median (range) 56 (7–511) 52 (24–112) 70 (7–511) 0.07
 Duration between stopping of corticosteroid and TKI re-administration, 

days, mean (range)
96 (0–853) 66 (0–461) 99 (0–853) 0.67

 Duration between onset of initial TKI-induced ILD and TKI re-adminis-
tration, days, median

119 (7–892) 76 (20–594) 128 (7–892) 0.70

 Radiological finding at TKI re-administration, remained/disappeared 27/31 8/5 19/26 0.22
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time use. This administration pattern of TKIs was associated 
with ILD recurrence (p < 0.01).

Efficacy of EGFR‑TKI Re‑administration

The response rate to EGFR-TKI re-administration in the 
total population was 55, 45% in patients with ILD recur-
rence, and 58% in patients without ILD recurrence (Table 3 
and Fig. 2A). Disease control rates were 94, 91, and 95% 
in total patients, patients with ILD, and patients without 
ILD, respectively. Kaplan–Meier curves for PFS of TKI re-
administration are shown in Fig. 2B. The median PFS was 
9.6 months in the total patient group. PFS tended to be longer 
in patients without ILD recurrence (median 11.1 months) 
than in patients with ILD recurrence (median 4.6 months), 
but this difference was not statistically significant (p = 0.05). 
The median OS was 84.8, 91.1, and 84.8 months in the total 
patient group and patients with and without ILD recurrence, 
respectively (Fig. 2C).

Third EGFR‑TKI Treatment (Second EGFR‑TKI 
Re‑administration)

Twelve patients received a third TKI treatment (Table 4); 
of these, two patients experienced TKI re-administration-
induced ILD. Third TKI-induced ILD was observed in four 
patients (33%). Of six patients treated with osimertinib, 
ILD was observed in three patients (50%). ILD occurred in 
both patients who were treated with osimertinib for the first 
time. Thus, similar to the TKI re-administration, a higher 

incidence of ILD was also observed in third TKI administra-
tion when osimertinib was used for the first time. Third TKI-
induced ILD grades were grade 2 in two patients and grade 3 
in two patients. There were no other serious adverse events 
in response to the third TKI. The response rate was 22% 
(two of nine patients with available data) and DCR was 89% 
(eight of nine patients). Figure 1B shows TKI administra-
tion patterns and ILD recurrence rates by the 70 administra-
tions of TKI, including both re-administration and third-time 
use. In patients with a history of another TKI-induced ILD 
treated with osimertinib for the first time, ILD recurred in 
5 (83%) of six patients. The ILD recurrence rate was less 
than 10% when patients switched to gefitinib or erlotinib 
from other TKIs.

Discussion

In the present study, we investigated 58 patients who were 
re-treated with EGFR-TKI after recovery from EGFR-TKI-
induced ILD; this is the largest study to date to address this 
question. We found that (1) the ILD recurrence rate induced 
by EGFR-TKI re-administration was 22.4%; (2) ILD recur-
rence was frequently observed when gefitinib or erlotinib 
was used for the second time and when osimertinib was 
used for the first time; (3) conversely, ILD recurrence rate 
was low when gefitinib or erlotinib was used for the first 
time and when osimertinib was used for the second time; 
(4) EGFR-TKI re-administration-induced ILDs were grade 
1–3, which was tolerable; and (5) the overall response rate, 

Fig. 1   Types of EGFR-TKI used and incidences of ILD. A After 
EGFR-TKI re-administration. B After third TKI use (including re-
administration). First time use: when a TKI was used for the first time 

at that time. Second time use: when the same TKI was used as the 
initial one. Repeated use: when a previously used TKI was used again
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disease control rate, median PFS by TKI re-administration, 
and median OS were 55%, 94%, 9.6 and 84.8  months, 
respectively. Based on reasons above mentioned (1), (4), 
and (5), EGFR-TKI re-administration is feasible.

A multicenter retrospective cohort study analyzed 33 
cases of osimertinib continuation (n = 21) or re-admin-
istration (n = 12) after osimertinib-induced pneumonitis 
[13]. Five patients (15%) re-experienced pneumonitis 
(grade 1 in three patients and grade 2 in two patients). 
The median PFS after osimertinib re-administration was 
not achieved (95% confidence interval: 10.3 months—
not reached). The authors concluded that osimertinib re-
administration was feasible and effective, and osimerti-
nib may be considered a treatment option even after the 
development of mild pneumonitis [13]. Consistent with 

this result, in the current study, in patients treated with 
osimertinib after osimertinib-induced ILD, the frequency 
of ILD recurrence was low. The current study provides 
new evidence on EGFR-TKI re-administration in this 
population. Administration of gefitinib or erlotinib after 
osimertinib-induced ILD resulted in the lowest rate of 
ILD recurrence. This trend remained unchanged after the 
third use of TKI. The frequency of ILD recurrence was 
lowest when gefitinib (8%) or erlotinib (7%) was used 
for the first time, followed by repeated use of osimerti-
nib (13%). First time use of osimertinib was associated 
with the highest frequency of ILD recurrence (five of 
six cases, 83%). These results are helpful in determining 
which TKI to re-administer with after osimertinib-induced 
ILD because osimertinib is currently often selected as the 

Fig. 2   Efficacy of EGFR-TKI re-administration. A Response. PR: partial response. SD: stable disease. PD: progressive disease. B Kaplan–Meier 
curves of progression-free survival. C Kaplan–Meier curves of overall survival
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initial TKI therapy. Additionally, there was no difference 
in ILD recurrence rates by treatment line of TKI re-admin-
istration (5/17 (29%) in second-line treatment and 8/41 
(20%) in third-line or thereafter). There is no evidence 
that platinum combination chemotherapy should be given 
before TKI re-administration. In turn, there is no evidence 
that platinum combination chemotherapy but not TKI re-
administration is the standard therapy after TKI-induced 
ILD. Conversely, however, there is also no evidence that 
TKI re-administration should be preferred before chemo-
therapy. No conclusions can be drawn on this issue from 
this study. It must be important to use up both EGFR-TKI 
and platinum combination chemotherapy.

Classically, two mechanisms involved in drug-induced 
ILD have been proposed: one is direct, dose-dependent 
toxicity, and the other is immune-mediated toxicity [14]. 
Various additional factors may be associated with the 
onset of EGFR-TKI-induced ILD. EGFR-TKIs block 
EGFR phosphorylation and prevent the regeneration and 
proliferation of the injured epithelium [15]. The interrup-
tion of damage-repair mechanisms by EGFR activation 
may result in ILD [15]. Inflammation is also involved in 
ILD development. It is reported that transforming growth 
factor-β and its downstream interleukin-6 are involved in 
EGFR-TKI-induced ILD [16].

Previous case series reports have suggested that EGFR-
TKI re-administration with corticosteroids can prevent 
the recurrence of ILD because of the anti-inflammatory 
action of corticosteroids [17, 18]. In the current study, all 
consecutive eligible patients within the study period were 
recruited. Corticosteroids were used concomitantly in 17 
of 58 patients, and there was no difference in ILD recur-
rence rates with or without corticosteroids. Although the 
doses and duration of corticosteroids varied, this result did 
not indicate a benefit of concomitant steroid use for pre-
venting ILD recurrence. However, we cannot conclude that 
corticosteroid is unnecessary for the prevention of ILD. 
There are multiple mechanisms of ILD, and the proportion 
of each mechanism may vary from case to case. Corticos-
teroids may be effective in preventing the development of 
ILD in some cases.

The anti-tumor effect of TKI re-administration was sig-
nificant. The response rate was 55%, DCR was 94%, and 
median PFS was 9.6 months. These effects tended to be bet-
ter in the absence of ILD recurrence. Importantly, even when 
ILD recurrence was observed, these effects were not sig-
nificantly worse. The median OS was 91.1 and 84.8 months 
in patients with and without ILD recurrence, respectively. 
The presence of driver gene mutations, including the EGFR 
gene, is a favorable prognostic factor in NSCLC [19], and 
the prognosis is shorter when EGFR mutations are present 
but EGFR-TKI is not used [20]. While there is no infor-
mation for outcomes in patients who did not receive TKI 

re-administration, TKI re-administration likely contributed 
to long-term OS in most patients assessed in this study.

This study has several limitations. First, EGFR-TKI-
induced ILD was diagnosed on the basis of patients’ clinical 
courses and radiological findings by the respiratory special-
ist at each institute but not by central judgment. Therefore, 
the diagnosis and radiological type might be inaccurate in 
part. Conversely, the diagnosis and management of ILD in 
this study is the very essence of usual medical practice and 
is indeed useful information for future treatment policy. Sec-
ond, this was conducted as a retrospective study. There is 
likely a selection bias of patients who received EGFR-TKI 
re-administration. Third, recurrence rate of ILD in first time 
osimertinib receivers was high, but it might be inaccurate 
because of small number of cases in this group. There is also 
a TKI selection bias based on the T790M status and other 
factors. Fourth, no information on the incidence of initial 
EGFR-TKI-induced ILD was available.

Conclusions

This study showed that EGFR-TKI re-administration is a 
feasible and effective treatment for patients who experienced 
EGFR-TKI-induced ILD. Our results indicate that re-admin-
istration of EGFR-TKI is an important option for long-term 
prognosis after recovery from EGFR-TKI-induced ILD.

Acknowledgements  We thank Gabrielle White Wolf, PhD, from Edanz 
(https://​jp.​edanz.​com/​ac) for editing a draft of this manuscript. This 
research did not receive any specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors. The authors have no 
conflicts of interest to declare.

Author Contributions  All authors contributed to the study conception 
and design. Material preparation, data collection and analysis were 
performed by NK, EI, TT, TN, TK, NI, KN, HS, KY, KK, YT, MI, 
NM, NW, TI, HM, YK, KK, and NK. The first draft of the manuscript 
was written by NK and all authors commented on previous versions 
of the manuscript. All authors read and approved the final manuscript.

Funding  This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data Availability  There is no data that can be provided other than Fig-
ures and Tables.

Declarations 

Competing interest  The authors have no conflicts of interest to declare.

Ethical Approval  This study was approved by the Institutional Review 
Board of Kagawa University (no. 2022-117) and Japanese Red Cross 
Kochi Hospital (no. 432) and obtained permission to conduct the study 
from each participating institute. All procedures performed in the study 
involving human participants were in accordance with the ethical stand-
ards of the institutional research committee and the 1964 Helsinki dec-
laration and its later amendments or comparable ethical standards.

https://jp.edanz.com/ac


71Lung (2024) 202:63–72	

Consent to Participate  We obtained appropriate informed consent for 
the use of patient information through an opt-out form or a written form 
because of the retrospective nature of the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Maemondo M, Inoue A, Kobayashi K, Sugawara S, Oizumi S, 
Isobe H, Gemma A, Harada M, Yoshizawa H, Kinoshita I, Fujita 
Y, Okinaga S, Hirano H, Yoshimori K, Harada T, Ogura T, Ando 
M, Miyazawa H, Tanaka T, Saijo Y, Hagiwara K, Morita S, 
Nukiwa T et al (2010) Gefitinib or chemotherapy for non-small-
cell lung cancer with mutated EGFR. N Engl J Med 362:2380–
2388. https://​doi.​org/​10.​1056/​NEJMo​a0909​530

	 2.	 Urata Y, Katakami N, Morita S, Kaji R, Yoshioka H, Seto T, 
Satouchi M, Iwamoto Y, Kanehara M, Fujimoto D, Ikeda N, 
Murakami H, Daga H, Oguri T, Goto I, Imamura F, Sugawara S, 
Saka H, Nogami N, Negoro S, Nakagawa K, Nakanishi Y (2016) 
Randomized phase III study comparing gefitinib with erlotinib in 
patients with previously treated advanced lung adenocarcinoma: 
WJOG 5108L. J Clin Oncol 34:3248–3257. https://​doi.​org/​10.​
1200/​JCO.​2015.​63.​4154

	 3.	 Park K, Tan EH, O’Byrne K, Zhang L, Boyer M, Mok T, Hirsh 
V, Yang JC, Lee KH, Lu S, Shi Y, Kim SW, Laskin J, Kim DW, 
Arvis CD, Kölbeck K, Laurie SA, Tsai CM, Shahidi M, Kim M, 
Massey D, Zazulina V, Paz-Ares L (2016) Afatinib versus gefitinib 
as first-line treatment of patients with EGFR mutation-positive 
non-small-cell lung cancer (LUX-Lung 7): a phase 2B, open-label, 
randomised controlled trial. Lancet Oncol 17:577–589

	 4.	 Soria JC, Ohe Y, Vansteenkiste J, Reungwetwattana T, Chewasku-
lyong B, Lee KH, Dechaphunkul A, Imamura F, Nogami N, 
Kurata T, Okamoto I, Zhou C, Cho BC, Cheng Y, Cho EK, Voon 
PJ, Planchard D, Su WC, Gray JE, Lee SM, Hodge R, Marotti M, 
Rukazenkov Y, Ramalingam SS, FLAURA Investigators (2018) 
Osimertinib in untreated EGFR-mutated advanced non-small-cell 
lung cancer. N Engl J Med 378:113–125. https://​doi.​org/​10.​1056/​
NEJMo​a1713​137

	 5.	 Cho BC, Chewaskulyong B, Lee KH, Dechaphunkul A, Sriuran-
pong V, Imamura F, Nogami N, Kurata T, Okamoto I, Zhou C, 
Cheng Y, Cho EK, Voon PJ, Lee JS, Mann H, Saggese M, Reung-
wetwattana T, Ramalingam SS, Ohe Y (2019) Osimertinib ver-
sus standard of care EGFR TKI as first-line treatment in patients 
with EGFRm advanced NSCLC: FLAURA Asian subset. J Thorac 
Oncol 14:99–106

	 6.	 Ohe Y, Imamura F, Nogami N, Okamoto I, Kurata T, Kato T, 
Sugawara S, Ramalingam SS, Uchida H, Hodge R, Vowler SL, 
Walding A, Nakagawa K (2019) Osimertinib versus standard-
of-care EGFR-TKI as first-line treatment for EGFRm advanced 
NSCLC: FLAURA Japanese subset. Jpn J Clin Oncol 49:29–36

	 7.	 Kashiwabara K, Semba H, Fujii S, Tsumura S (2017) Outcome 
in advanced non-small cell lung cancer patients with successful 

rechallenge after recovery from epidermal growth factor receptor 
tyrosine kinase inhibitor-induced interstitial lung disease. Can-
cer Chemother Pharmacol 79:705–710. https://​doi.​org/​10.​1007/​
s00280-​017-​3261-5

	 8.	 Kodama H, Wakuda K, Yabe M, Nishioka N, Miyawaki E, 
Miyawaki T, Mamesaya N, Kawamura T, Kobayashi H, Omori 
S, Ono A, Kenmotsu H, Naito T, Murakami H, Endo M, Taka-
hashi T (2021) Retrospective analysis of osimertinib re-challenge 
after osimertinib-induced interstitial lung disease in patients with 
EGFR-mutant non-small cell lung carcinoma. Invest New Drugs 
39:571–577. https://​doi.​org/​10.​1007/​s10637-​020-​01005-1

	 9.	 Nasu S, Suzuki H, Shiroyama T, Tanaka A, Samejima Y, Kanai 
T, Noda Y, Morishita N, Okamoto N, Hirashima T (2020) Safety 
and efficacy of afatinib for the treatment of non-small-cell lung 
cancer following osimertinib-induced interstitial lung disease: a 
retrospective study. Invest New Drugs 38:1915–1920. https://​doi.​
org/​10.​1007/​s10637-​020-​00963-w

	10.	 Raghu G, Remy-Jardin M, Myers JL, Richeldi L, Ryerson CJ, 
Lederer DJ, Behr J, Cottin V, Danoff SK, Morell F, Flaherty KR, 
Wells A, Martinez FJ, Azuma A, Bice TJ, Bouros D, Brown KK, 
Collard HR, Duggal A, Galvin L, Inoue Y, Jenkins RG, Johkoh 
T, Kazerooni EA, Kitaichi M, Knight SL, Mansour G, Nicholson 
AG, Pipavath SNJ, Buendía-Roldán I, Selman M, Travis WD, 
Walsh S, Wilson KC et al (2018) Diagnosis of idiopathic pulmo-
nary fibrosis. an official ATS/ERS/JRS/ALAT clinical practice 
guideline. Am J Respir Crit Care Med 198:e44–e68. https://​doi.​
org/​10.​1164/​rccm.​201807-​1255ST

	11.	 Travis WD, Costabel U, Hansell DM, King TE Jr, Lynch DA, 
Nicholson AG, Ryerson CJ, Ryu JH, Selman M, Wells AU, Behr 
J, Bouros D, Brown KK, Colby TV, Collard HR, Cordeiro CR, 
Cottin V, Crestani B, Drent M, Dudden RF, Egan J, Flaherty K, 
Hogaboam C, Inoue Y, Johkoh T, Kim DS, Kitaichi M, Loyd J, 
Martinez FJ, Myers J, Protzko S, Raghu G, Richeldi L, Sverzellati 
N, Swigris J, Valeyre D et al (2013) An official American Tho-
racic Society/European Respiratory Society statement: update of 
the international multidisciplinary classification of the idiopathic 
interstitial pneumonias. Am J Respir Crit Care Med 188:733–748

	12.	 Johkoh T, Lee KS, Nishino M, Travis WD, Ryu JH, Lee HY, 
Ryerson CJ, Franquet T, Bankier AA, Brown KK, Goo JM, Kauc-
zor HU, Lynch DA, Nicholson AG, Richeldi L, Schaefer-Prokop 
CM, Verschakelen J, Raoof S, Rubin GD, Powell C, Inoue Y, 
Hatabu H (2021) Chest CT diagnosis and clinical management of 
drug-related pneumonitis in patients receiving molecular targeting 
agents and immune checkpoint inhibitors: a position paper from 
the Fleischner Society. Radiology 298:550–566. https://​doi.​org/​
10.​1148/​radiol.​20212​03427

	13.	 Imaji M, Fujimoto D, Sato Y, Sakata Y, Oya Y, Tamiya M, Suzuki 
H, Ikeda H, Kijima T, Matsumoto H, Kanazu M, Hino A, Inaba 
M, Tsukita Y, Arai D, Maruyama H, Hara S, Tsumura S, Kobe H, 
Sumikawa H, Sakata S, Yamamoto N (2023) Safety and efficacy 
of osimertinib rechallenge or continuation after pneumonitis: a 
multicentre retrospective cohort study. Eur J Cancer 179:15–24

	14.	 Matsuno O (2012) Drug-induced interstitial lung disease: mecha-
nisms and best diagnostic approaches. Respir Res 13:39

	15.	 Ohmori T, Yamaoka T, Ando K, Kusumoto S, Kishino Y, Manabe 
R, Sagara H (2021) Molecular and clinical features of EGFR-TKI-
associated lung injury. Int J Mol Sci 22:792

	16.	 Ishiguro Y, Ishiguro H, Miyamoto H (2013) Epidermal growth 
factor receptor tyrosine kinase inhibition up-regulates interleu-
kin-6 in cancer cells and induces subsequent development of inter-
stitial pneumonia. Oncotarget 4:550–559

	17.	 Satoh S, Shiroyama T, Tamiya M, Nasu S, Tanaka A, Morita S, 
Morishita N, Suzuki H, Okamoto N, Hirashima T (2017) Success-
ful osimertinib rechallenge after osimertinib-induced pneumonitis 
in a patient with lung adenocarcinoma. Respir Med Case Rep 
23:68–70

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa0909530
https://doi.org/10.1200/JCO.2015.63.4154
https://doi.org/10.1200/JCO.2015.63.4154
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1056/NEJMoa1713137
https://doi.org/10.1007/s00280-017-3261-5
https://doi.org/10.1007/s00280-017-3261-5
https://doi.org/10.1007/s10637-020-01005-1
https://doi.org/10.1007/s10637-020-00963-w
https://doi.org/10.1007/s10637-020-00963-w
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1164/rccm.201807-1255ST
https://doi.org/10.1148/radiol.2021203427
https://doi.org/10.1148/radiol.2021203427


72	 Lung (2024) 202:63–72

	18.	 Bickert C, Kahnert K, Kauffmann-Guerrero D, Götschke J, Syu-
nyaeva Z, Behr J, Tufman A (2021) Osimertinib rechallenge under 
steroid protection following osimertinib-induced pneumonitis: 
three case studies. Ther Adv Med Oncol 13:17588359211018028. 
https://​doi.​org/​10.​1177/​17588​35921​10180​28

	19.	 Kanaji N, Tadokoro A, Watanabe N, Inoue T, Kadowaki N, Ishii 
T (2019) Association of specific metastatic organs with the prog-
nosis and chemotherapeutic response in patients with advanced 
lung cancer. Respir Investig 57:472–480

	20.	 Masuda T, Wakabayashi YU, Nakashima T, Nishimura Y, Shimoji 
K, Yamaguchi K, Sakamoto S, Horimasu Y, Miyamoto S, Senoo 
T, Iwamoto H, Ohshimo S, Fujitaka K, Hamada H, Hattori N 
(2021) Prognostic significance of EGFR gene mutation in patients 
with EGFR mutated non-small cell lung cancer who received best 
supportive care alone. Anticancer Res 41:2661–2667

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Authors and Affiliations

Nobuhiro Kanaji1   · Eiki Ichihara2 · Takaaki Tanaka2 · Takashi Ninomiya3 · Toshiyuki Kozuki3 · Nobuhisa Ishikawa4 · 
Kazuya Nishii5 · Hiroyasu Shoda6 · Kakuhiro Yamaguchi7 · Keita Kawakado8 · Yuko Toyoda9 · Masaaki Inoue10 · 
Nobuyuki Miyatake11 · Naoki Watanabe1 · Takuya Inoue1 · Hitoshi Mizoguchi1 · Yuta Komori1 · Kazuki Kojima1 · 
Norimitsu Kadowaki1

 *	 Nobuhiro Kanaji 
	 kanaji.nobuhiro@kagawa-u.ac.jp

	 Eiki Ichihara 
	 ichiha-e@md.okayama-u.ac.jp

	 Takaaki Tanaka 
	 p6uf8lna@okayama-u.ac.jp

	 Takashi Ninomiya 
	 tninomiya5@gmail.com

	 Toshiyuki Kozuki 
	 tokozuki@shikoku-cc.go.jp

	 Nobuhisa Ishikawa 
	 nobuhisa_9@msn.com

	 Kazuya Nishii 
	 k.n2112@gmail.com

	 Hiroyasu Shoda 
	 hirosho72@yahoo.co.jp

	 Kakuhiro Yamaguchi 
	 yamaguchikakuhiro@gmail.com

	 Keita Kawakado 
	 keita.kawakado1112@med.shimane-u.ac.jp

	 Yuko Toyoda 
	 yktoy.kochi@gmail.com

	 Masaaki Inoue 
	 masaaki2010@gmail.com

	 Nobuyuki Miyatake 
	 miyatake.nobuyuki@kagawa-u.ac.jp

	 Naoki Watanabe 
	 watanabe.naoki@kagawa-u.ac.jp

	 Takuya Inoue 
	 inoue.takuya@kagawa-u.ac.jp

	 Hitoshi Mizoguchi 
	 mizoguchi.hitoshi@kagawa-u.ac.jp

	 Yuta Komori 
	 s23d711@kagawa-u.ac.jp

	 Kazuki Kojima 
	 kojima.kazuki@kagawa-u.ac.jp

	 Norimitsu Kadowaki 
	 kadowaki.norimitsu@kagawa-u.ac.jp

1	 Department of Internal Medicine, Division of Hematology, 
Rheumatology and Respiratory Medicine, Faculty 
of Medicine, Kagawa University, 1750‑1 Ikenobe, Miki‑cho, 
Kita‑gun, Kagawa 761‑0793, Japan

2	 Department of Allergy and Respiratory Medicine, Okayama 
University Hospital, Okayama, Japan

3	 Department of Thoracic Oncology and Medicine, National 
Hospital Organization Shikoku Cancer Center, Ehime, Japan

4	 Department of Respiratory Medicine, Hiroshima Prefectural 
Hospital, Hiroshima, Japan

5	 Department of Respiratory Medicine, National Hospital 
Organization Iwakuni Clinical Center, Yamaguchi, Japan

6	 Department of Respiratory Medicine, Hiroshima Citizens 
Hospital, Hiroshima, Japan

7	 Department of Respiratory Medicine, Hiroshima University 
Hospital, Hiroshima, Japan

8	 Department of Internal Medicine, Division of Medical 
Oncology and Respiratory Medicine, Shimane University 
Faculty of Medicine, Shimane, Japan

9	 Department of Internal Medicine, Japanese Red Cross Kochi 
Hospital, Kochi, Japan

10	 Department of Chest Surgery, Shimonoseki City Hospital, 
Shimonoseki, Japan

11	 Department of Hygiene, Faculty of Medicine, Kagawa 
University, Kagawa, Japan

https://doi.org/10.1177/17588359211018028
http://orcid.org/0000-0001-7365-4927

	Efficacy and Safety of Re-administration of Epidermal Growth Factor Receptor-Tyrosine Kinase Inhibitor (EGFR-TKI) After EGFR-TKI-Induced Interstitial Lung Disease (CS-Lung-005)
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and Methods
	Patients and Study Design
	Evaluation of EGFR-TKI-Induced ILD
	Statistical Analysis

	Results
	Patient Characteristics and Status of Initial TKI-Induced ILD
	Status of TKI Re-administration and ILD Recurrence Rate
	Efficacy of EGFR-TKI Re-administration
	Third EGFR-TKI Treatment (Second EGFR-TKI Re-administration)

	Discussion
	Conclusions
	Acknowledgements 
	References




