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Simple Summary: Interstitial pneumonia is a poor prognostic comorbidity in patients with non-
small-cell lung cancer. No matter how effective the treatment for lung cancer is, once an acute
exacerbation of pre-existing interstitial pneumonia occurs, it will be fatal to the patient at a high rate.
Therefore, it is important to choose a therapy that is unlikely to induce acute exacerbation of interstitial
pneumonia. In this review article, we summarize the current evidence on pharmacotherapy, surgery
and perioperative treatment, and radiation therapy for non-small-cell lung cancer with comorbid
interstitial pneumonia, and discuss future perspectives.

Abstract: Of patients with advanced non-small-cell lung cancer (NSCLC), 5–10% have interstitial
pneumonia (IP) at the time of diagnosis. To avoid fatal acute exacerbations of pre-existing IP, ap-
propriate patient selection and low-risk treatment choices are warranted. Risk factors for acute
exacerbation of pre-existing IP with cytotoxic drugs include honeycomb lungs on computed tomogra-
phy (CT) and low forced vital capacity, but risk factors with immune checkpoint inhibitors (ICIs) have
not been fully investigated. For advanced or recurrent NSCLC with comorbid IP, carboplatin plus
nanoparticle albumin-bound paclitaxel is the standard of care for first-line treatment, but second-line
or later treatment has not been established. ICI holds great promise for long-term survival, but
many challenges remain, including safety and appropriate patient selection. Since the indications
for pharmacotherapy and radiotherapy for NSCLC with comorbid IP are quite limited, surgical
resection should be considered as much as possible for patients with operable stages. A scoring
system has been reported to predict the risk of postoperative acute exacerbation of pre-existing IP,
but perioperative treatment has not been established. In the future, it is necessary to accumulate
more cases and conduct further research, not only in Japan but also worldwide.

Keywords: non-small-cell lung cancer; interstitial pneumonia; idiopathic pulmonary fibrosis; acute
exacerbation; pneumonitis; cytotoxic drug; immune checkpoint inhibitor; surgery; perioperative
treatment; radiation therapy

1. Introduction

Of patients with advanced non-small-cell lung cancer (NSCLC), 5–10% have interstitial
pneumonia (IP) at the time of diagnosis and have a worse prognosis than those without
IP [1]. Meanwhile, the complication rate of lung cancer in patients with idiopathic IPs (IIPs)
is also 7–14 times higher than that in patients without IIPs. Among IIPs, the frequency
of lung cancer complications varies, with Kreuter et al. reporting 15.8% for idiopathic
pulmonary fibrosis (IPF), 6.3% for nonspecific interstitial pneumonia (NSIP), and 5.6%
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for cryptogenic organizing pneumonia [2]. In a large-scale epidemiological study of IPF
patients in Japan (Hokkaido Study), 11% of all deaths were due to lung cancer [3].

The common risk factors reported for the development of IIPs and lung cancer include
smoking, environmental and occupational exposure to toxic substances, bacterial and viral
infections, and chronic tissue damage [4,5]. In addition, common genetic alterations in
the pathogenesis of lung cancer and IP (especially IPF) have been reported, including
microsatellite instability, loss of heterozygosity, p53 mutations, and fragile histidine triad
mutations [6,7]. Whole Exome Sequencing analysis of 296 Japanese patients with lung
adenocarcinomas, including 54 patients with IP, indicated that the pulmonary surfactant
gene mutations are specific for adenocarcinoma with IP, and that those with these mutations
have poor prognosis [8]. Furthermore, shortening of telomere length and expression of
telomerase, which are associated with cancer development, progression, and proliferation,
have also been observed in familial and solitary IPF [9].

In the treatment of NSCLC with comorbid IP, it is necessary to consider not only
the prognosis of NSCLC but also the prognosis of comorbid IP itself. In the Hokkaido
Study, the median overall survival (OS) of IPF patients was 35 months, and the most
common cause of death was acute exacerbation (40%) [3]. Patients with IPF develop acute
exacerbation at a frequency of 10–15% per year during their natural course [10,11]. In
addition, patients with idiopathic NSIP or IP associated with collagen vascular disease,
other than IPF, have also been reported to develop acute exacerbations, with a frequency of
3–5% per year [12]. Acute exacerbation is a fatal condition, and the mortality rate of the
first acute exacerbation is as high as about 30–50%. Even if improvement is achieved with
treatment with corticosteroids, many patients have residual impaired pulmonary function
and hypoxemia, and the subsequent prognosis is poor.

According to the International Working Group Report on acute exacerbation of IPF in
2016, acute exacerbations are further categorized as “triggered” or “idiopathic”, depending
on whether an underlying trigger for acute exacerbation is found [13]. As for underlying
triggers of acute exacerbation, pharmacotherapy, surgery, and radiotherapy for lung cancer
are representative, as well as bacterial and viral infection. No matter how effective the
treatment for lung cancer is, once an acute exacerbation of pre-existing IP occurs, it will be
fatal to the patient at a high rate. Therefore, it is of utmost importance to choose a therapy
that is unlikely to induce acute exacerbation of pre-existing IP.

In this review article, we summarize the current evidence on pharmacotherapy,
surgery and perioperative treatment, and radiation therapy for NSCLC with comorbid IP,
and discuss future perspectives.

2. Pharmacotherapy for NSCLC with Comorbid IP
2.1. Treatment Options for Patients with IP

Pharmacotherapy in NSCLC patients with comorbid IP induces acute exacerbation
of pre-existing IP in 5–20% of patients, with a mortality rate of 30–50%. Therefore, it is
necessary to identify and select drugs that are less likely to cause acute exacerbations.
However, since most prospective clinical trials exclude patients with comorbid IP and there
are no randomized controlled trials to provide evidence, it is difficult to propose a standard
of care as a “guideline”. With this background, the Japanese Respiratory Society issued a
“statement” for the treatment of lung cancer with comorbid IP in 2017 [14]. In this statement,
cytotoxic drugs are classified into three categories according to the risk of acute exacerba-
tion of IP or pneumonitis (Table 1): “Relatively safe drugs” include platinum-containing
drugs, etoposide, paclitaxel, and vinorelbine, “Drugs with no or insufficient data” include
Topotecan (nogitecan), pemetrexed, S-1, and docetaxel, and “Drugs not recommended and
contraindicated in the package insert” include irinotecan (unconditionally contraindicated
in the presence of IP), amrubicin, and gemcitabine (contraindicated if clinical symptoms
are present). On the other hand, for the immune checkpoint inhibitors, such as anti-PD-1
antibodies (nivolumab and pembrolizumab) and anti-PD-L1 antibodies (atezolizumab and
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durvalumab), as well as molecular targeted drugs for various driver gene mutations, there
is little data at the time of publication of the statement and no categorization by risk.

Table 1. Categorization of each drug in the Japanese Respiratory Society statement for the treatment of lung cancer with
comorbid IP.

Relatively safe drugs

platinum-containing drug etoposide paclitaxel vinorelbine

Drugs with no or insufficient data

topotecan pemetrexed S-1 docetaxel

Drugs not recommended and contraindicated in the package insert

irinotecan
(unconditionally contraindicated in the

presence of IP)

amrubicin
(contraindicated if clinical

symptoms are present)

gemcitabine
(contraindicated if clinical

symptoms are present)

No categorization

anti-PD-1 antibodies anti-PD-L1 antibodies molecular targeted drugs for
various driver mutations

This table was prepared by modifying the Japanese Respiratory Society statement for the treatment of lung cancer with comorbid IP [14].
Abbreviations: IP, interstitial pneumonia; PD-1, Programmed death 1; PD-L1, Programmed death ligand 1.

2.2. Risk Factors for Acute Exacerbations of IP Due to Pharmacotherapy

There have been several studies on risk factors for the development of acute exacer-
bations of pre-existing IP caused by cytotoxic drugs. Patients with the usual interstitial
pneumonia (UIP) pattern, a typical radiological finding of IPF with honeycomb lungs on
computed tomography (CT), have more frequent acute exacerbations induced by cytotoxic
drugs and more frequent deaths due to acute exacerbations than those with the non-UIP
pattern [15]. Patients with lower baseline forced vital capacity (FVC) are also at higher
risk of acute exacerbation induced by cytotoxic drugs. Some reports suggest that low
FVC was more associated with the risk of acute exacerbation than imaging findings of
a UIP pattern [16]. In a post-marketing surveillance of the antifibrotic drug pirfenidone
and a subgroup analysis of a randomized phase III trial of nintedanib (INPULSIS) in
patients with IPF, acute exacerbations were clearly less frequent in patients with baseline
%FVC > 70% [17,18]. However, it should be noted that many NSCLC patients with IP are
smokers, and FVC is often overestimated due to emphysematous changes. It has been
reported that the higher the modified GAP index, a scoring system for the severity of IPF,
the higher the incidence of acute exacerbation of IPF by cytotoxic drugs and the lower
the 1-year survival rate [19]. In most prospective studies of cytotoxic drugs conducted
in Japan to date, patients with %FVC ≥ 50% and %Diffusing lung capacity for carbon
monoxide (DLco) ≥ 30%, who do not require oxygen supplementation at rest, have been
included. Therefore, in actual clinical practice, cytotoxic drugs would be considered for
these populations. For patients with low pulmonary function (%FVC < 50%) or those
who require constant oxygen supplementation, the treatment with cytotoxic drugs may be
considered only if performance status and organ function are preserved and the benefits of
pharmacotherapy are expected to be sufficient, such as for small-cell lung cancer.

Since pneumonitis induced by immune checkpoint inhibitors (ICIs) presents a variety
of imaging findings, distinguishing between “acute exacerbation of pre-existing IP” and
“ICI-induced pneumonitis unrelated to pre-existing IP” is more difficult than for cytotoxic
anticancer agents. Therefore, in this review article, new interstitial shadows appearing after
ICI administration will be lumped together as “ICI-induced pneumonitis”. Several studies
showed that the pre-existing IP increases the incidence of ICI-induced pneumonitis. Based
on a post-marketing surveillance of nivolumab in Japan (N = 3648), abnormal chest CT
findings (including emphysematous change and IP) was the independent risk factor for the
ICI-induced pneumonitis [20]. The retrospective study of Japanese patients with NSCLC
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treated with ICI also showed that the incidence of pneumonitis was higher in patients
with IP than those in patients without IP (29% vs. 10%, p = 0.027) [21]. Furthermore,
even “interstitial lung abnormalities”, which refers to mild or subtle radiologic findings
incidentally detected on CT without clinical suspicion of IP, is an independent risk factor
for the ICI-induced pneumonitis [22]. However, whether there is a difference in the risk
of developing ICI-induced pneumonitis depending on the imaging pattern or specific
CT findings of pre-existing IP, lung function, or other biomarkers has not been fully
investigated at this time.

2.3. First-Line Treatment of NSCLC with Comorbid IP

As for the first-line treatment of advanced NSCLC with comorbid IP, there have
been six prospective trials reported so far, all of which were single-arm studies (Table 2).
Two single-arm phase II studies of carboplatin plus nanoparticle albumin-bound pacli-
taxel (nab-paclitaxel) have been reported [23,24]. The incidence of acute exacerbation of
pre-existing IP was low (4.3–5.6%), and the efficacy was also favorable, with a response
rate of 51–56%, median progression-free survival (PFS) of 5.3–6.2 months, and median
OS of 15.4 months in both studies. Both trials included a relatively large number of pa-
tients (94 and 36 patients, respectively), and these results suggest that this regimen is
the current standard of care for untreated NSCLC patients with comorbid IP. The results
of two prospective trials have also been reported for carboplatin plus weekly paclitaxel
combination therapy [25,26]. The incidence of acute exacerbation induced by this combina-
tion therapy ranged from 5.6% to 12.1%. The response rate was 61–70%, with a median
progression-free survival of 5.3–6.3 months and a median survival of 10.6–19.8 months,
making it a potential treatment option. Furthermore, two prospective trials of carboplatin
plus S-1 were conducted in 21 and 33 patients respectively, with an acute exacerbation
incidence of 6.1–9.5%, response rate of 33.0–33.3%, median PFS of 4.0–4.8 months, and
median OS of 10.4–12.8 months. With these results, carboplatin plus S-1 therapy is another
option for first-line treatment [27,28]. The concomitant use of bevacizumab is unlikely to
change the risk of triggering the development of acute exacerbations and may be consid-
ered in cases where it can be administered [29]. Nintedanib is a multi-kinase inhibitor
of platelet-derived growth factor receptor (PDGFR) alpha-beta, fibroblast growth factor
receptor (FGFR) 1–3, and vascular endothelial growth factor receptor (VEGFR). Nintedanib
is a widely approved and recognized antifibrotic agent for IPF and progressive fibrosing
interstitial lung disease in many countries around the world. Nintedanib is expected to
be effective not only in slowing down the decline of FVC but also in preventing acute
exacerbations. In the INPULSIS study, a randomized phase III trial of IPF, there were
significantly fewer adjudicated confirmed/suspected acute exacerbations in the nintedanib
group than in the placebo group (1.9% and 4.7%, p = 0.010) [18]. In addition, nintedanib
is also approved in Europe as a second or subsequent therapy for advanced NSCLC in
combination with docetaxel, and is expected to enhance the antitumor effect as an an-
tiangiogenic agent. In Japan, the world’s first randomized phase III trial of carboplatin
plus nab-paclitaxel with or without nintedanib in advanced NSCLC with comorbid IPF
(J-SONIC trial) was conducted, and is currently under follow-up [30].

In recent years, monotherapy with anti-PD-1/PD-L1 antibodies (nivolumab, pem-
brolizumab, atezolizumab) or in combination with platinum doublet has become the
standard of care for advanced NSCLC patients with PS 0–1, without IP. However, several
studies indicated that pre-existing IP increases the risk of ICI-induced pneumonitis [31],
and the package insert of various ICIs states that they should be administered with caution
in patients with comorbid IP. Therefore, at this time, ICIs should not be used as first-line
therapy for patients with IP.

For NSCLC with driver gene mutations/translocations, such as epidermal growth
factor receptor (EGFR), anaplastic lymphoma kinase, the BRAF and ROS1 genes, first-
line therapy with tyrosine kinase inhibitors (TKIs) targeting the respective gene muta-
tions/translocations is usually recommended. However, when gefitinib-induced pneu-
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monitis appeared with high frequency in Japan and became a social problem, pre-existing
IP was identified as an independent risk factor for gefitinib-induced pneumonitis [32].
Since then, special precautions have been required when administering molecular-targeted
drugs to driver oncogene-positive NSCLC with comorbid IP. However, since it has been
reported that only 0.4% of lung adenocarcinoma patients with EGFR mutations have pre-
existing IP [33], there may be few situations in which we actually wonder whether we
should administer TKI or not. There are no data on the incidence of pre-existing IP in
patients with driver mutations/translocations other than EGFR, or on which types of IP
are associated with a higher risk of acute exacerbation induced by TKI, so further study
is needed.

2.4. Second-Line or Later Treatment of NSCLC with Comorbid IP

Docetaxel and pemetrexed, both standard second-line treatments for NSCLC, have a
relatively high incidence of acute exacerbation of pre-existing IP [34,35]. In Japan, a nation-
wide survey was conducted in 2012 on the details of second-line therapy for lung cancer
patients with comorbid IP and the frequency of acute exacerbations for each drug [36]. In
this study, the incidence of acute exacerbations of pre-existing IP was 15.3% for docetaxel
monotherapy and 28.6% for pemetrexed monotherapy. Therefore, both drugs are not
recommended to be administered safely. In the statement for the treatment of lung cancer
with comorbid IP published by the Japanese Respiratory Society in 2017, docetaxel and
pemetrexed were categorized as “Drugs with no or insufficient data” (Table 1) [14].

S-1 monotherapy is thought to be relatively less likely to induce acute exacerbation of
IP based on post-marketing surveillance and retrospective studies, although prospective
clinical trials do not exist, and data are scarce. According to the aforementioned nationwide
study of second-line pharmacotherapy for lung cancer patients with comorbid IP, the
incidence of acute exacerbation of pre-existing IP induced by single-agent S-1 was 0%,
although the number of patients studied was small [36].

Nivolumab, an anti-PD-1 antibody, did not induce pneumonitis in a pilot study of
six patients with previously treated NSCLC, with mild IP without honeycomb lung and
%FVC > 80% [37]. Subsequently, in a phase II study of 18 previously treated NSCLC
patients with mild IP selected by the same criteria from four centers, nivolumab induced
pneumonitis in 11%. However, all reported ICI-induced pneumonitis were grade 2 and
were promptly improved by corticosteroid therapy [38] (Table 1). In addition, these two
trials showed remarkable efficacy of nivolumab in NSCLC with comorbid IP, with response
rates of 39–50% and disease control rates of 72–100% [36,37]. In a Japanese multicenter,
retrospective study comparing the efficacy of single-agent anti-PD-1 antibodies in patients
with and without IP, the response rate and disease control rate were both better in the group
with IP [39]. As mentioned above, IP (especially IPF) is closely related to microsatellite
instability and smoking in its pathogenesis [6]. Therefore, NSCLC with comorbid IP has a
higher number of somatic mutations (higher tumor mutation burden) than those without
IP, and may be an effective population for ICIs.

On the other hand, one prospective clinical study of ICI in previously treated NSCLC
with IP was discontinued due to a high incidence of ICI-induced pneumonitis. TORG1936/
AMBITIOUS, a phase II trial of atezolizumab for NSCLC patients with idiopathic, chronic
fibrotic IP, with %FVC > 70%, with or without honeycomb lung on chest CT, began enroll-
ment in September 2019. However, due to the high incidence of grade ≥ 3 pneumonitis,
this trial was terminated early after 17 patients had been enrolled [40]. In this study, the
incidence of ICI-induced pneumonitis was 29% for all grades, 24% for grade 3 or higher,
and 6% for grade 5. Of the patients enrolled in the AMBITIOUS study, 35.3% had a UIP
pattern and also had a honeycomb lung in 41.2% on the chest CT. The results of the logistic
regression analysis suggested that the presence of honeycomb lung may be associated
with the development of ICI-induced pneumonitis, although it is not statistically signifi-
cant. In fact, 57.1% of patients with honeycomb lung in the background developed grade
≥3 pneumonitis, while only 10.0% of patients without honeycomb lung developed grade
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1 pneumonitis. Considering the difference in the incidence of pneumonitis between the
two nivolumab trials mentioned above and the AMBITIOUS study, as well as the difference
in patient selection criteria, it was suggested that the presence of honeycomb lung may be
a risk factor for the development of pneumonitis due to ICI. However, since the evaluation
of baseline CT findings in the AMBITIOUS study was a post hoc analysis and the number
of patients is small, further studies with a larger number of patients are warranted. On the
other hand, the median %FVC and %DLco were 85.4% and 54.4% respectively, indicating
that the lung function of the patients enrolled in the AMBITIOUS study was relatively
preserved. Since many NSCLC patients with comorbid IP are smokers, FVC may not accu-
rately reflect “true” lung function due to emphysematous changes. Therefore, it may be
difficult to determine whether ICI can be administered based on the results of pulmonary
function tests.

Based on these results, single-agent S-1 is often administered as the standard of care for
second-line treatment of NSCLC with comorbid IP in Japanese clinical practice. However,
the retrospective studies of cytotoxic drugs as second-line therapy in NSCLC patients with
comorbid IP have all shown a 1-year survival rate of at most 10% [34,35]. The efficacy
of cytotoxic drugs is limited, and long-term survival can hardly be expected. Thus, for
NSCLC patients with comorbid IP, who have a poor prognosis and few treatment options,
ICI remains the only existing treatment that offers long-term survival and holds great
promise. For appropriate patient selection, large observational and retrospective studies
are needed to identify risk factors for ICI-induced pneumonitis by collecting data such as
high-resolution CT, pulmonary function tests, and serum biomarkers.

Table 2. Key prospective studies in NSCLC with comorbid IP.

Line Study Design Phase Treatment Regimen N
Incidence of

Pneumonitis/Acute
Exacerbation of IP

Reference

first line single arm 2 CBDCA + nab-PTX 94 4.3% [23]

first line single arm 2 CBDCA + nab-PTX 36 5.6% [24]

first line single arm Pilot CBDCA + weekly PTX 18 5.6% [25]

first line single arm 2 CBDCA + weekly PTX 35 12.1% [26]

first line single arm Pilot CBDCA + S-1 21 9.5% [27]

first line single arm 2 CBDCA + S-1 33 6.1% [28]

first line
randomized
control trial 3

CBDCA + nab-PTX 120 in progress
[30]

CBDCA + nab-PTX + Nintedanib 120 in progress

second line single arm Pilot Nivolumab 6 0.0% [37]

second line single arm 2 Nivolumab 18 11.1% [38]

second line single arm 2 Atezolizumab 17
(stopped) 29.4% [40]

Abbreviations: NSCLC, non-small-cell lung cancer; IP, interstitial pneumonia; CBDCA, carboplatin; nab-PTX, nanoparticle albumin-bound
paclitaxel; PTX, paclitaxel.

2.5. Importance of Follow-Up and Patient Education

Patient selection and drug choice may reduce the risk of acute exacerbations of IP
or pneumonitis, but still cannot prevent them completely. Therefore, even if an acute
exacerbation or pneumonitis does develop, we need to be able to detect and manage it
as early as possible. In actual clinical practice, the initiation of a new pharmacotherapy
should be carried out cautiously, with at least the first course hospitalized for around two
weeks. Even if started in an outpatient setting, outpatient follow-up should be performed
at least once within 1–2 weeks after administration. Carboplatin plus nab-paclitaxel and
carboplatin plus weekly paclitaxel, which are used in the first-line treatment of NSCLC
with comorbid IP, are regimens that are easy to administer safely because they naturally
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require weekly visits. In addition, patients should be educated to seek medical attention
as early as possible in case of worsening of symptoms such as fever, dyspnea, and cough.
Patients should be followed-up approximately every month after treatment.

3. Surgery and Perioperative Treatment for NSCLC with Comorbid IP
3.1. Surgery

The prognosis of lung cancer with comorbid IP is poor, and indications for pharma-
cotherapy and radiotherapy are limited. Therefore, surgical resection should be the first
option to be considered for patients in operable stages. However, there are two points
that should be considered when performing surgical resection for NSCLC with IP. Firstly,
the surgery itself may induce an acute exacerbation of IP. According to a study led by
the Japanese Association for Chest Surgery, 9.3% of NSCLC patients with IP had acute
exacerbations after surgery, and 43.9% of them died [41]. This study also identified seven
independent risk factors for acute exacerbations. For example, the risk of developing acute
exacerbation of IP varies depending on the surgical procedure, being about four times
higher for lobectomy/segmentectomy and about six times higher for bi-lobectomy/total
pneumonectomy than for partial pneumonectomy. Based on these risk factors, the fol-
lowing risk scores were also proposed [42]: (1) history of acute exacerbation: 5 points,
(2) surgical procedures: 4 points, (3) UIP pattern on chest CT: 4 points, (4) male: 3 points,
(5) preoperative steroid use: 3 points, (6) KL-6 ≥ 1000 U/mL: 2 points, and (7) %VC ≤ 80%:
1 point, to calculate the total score. The predicted incidence of acute exacerbation is <10%
in the low-risk group (0–10 points), 10–25% in the intermediate-risk group (11–14 points),
and >25% in the high-risk group (≥15 points). Secondly, patients with IPF have a poorer
long-term prognosis after surgery for NSCLC compared with patients with other IIPs. In
a report from Japan, the 5-year survival rate was significantly lower in patients with IPF
than in patients with other IIPs (53.2% vs. 22.1%; p = 0.0093) [43]. Therefore, whether or
not to perform surgery on NSCLC patients with IIPs should be determined by considering
the subtype of IIPs and the poor prognosis associated with IPF.

3.2. Perioperative Treatment

Postoperative adjuvant chemotherapy is the standard of care for patients with NSCLC
without IP, especially in stage N2 and IIIA. However, in patients with comorbid IP, neither
postoperative chemotherapy nor radiation is usually indicated because of the risk of acute
exacerbation of pre-existing IP.

There are no randomized trials reported so far on perioperative treatment to prevent
acute exacerbation of IP after surgery for lung cancer. Although there are reports on the
efficacy and safety of civelestat, corticosteroids, macrolides, and urinastine as perioperative
treatment, they are all single-arm and with small numbers of case studies, making it difficult
to draw definitive conclusions [41,44,45]. The PEOPLE study conducted by the West Japan
Oncology Group is a multicenter Phase II study of pirfenidone as a perioperative treatment
of NSCLC with comorbid IPF [46]. In this study, acute exacerbations occurred in only
2.8% of 36 patients undergoing surgery for lung cancer with IPF who received pirfenidone
in the perioperative period. Based on these results, a randomized phase III study, the
PIII-PEOPLE study (NEJ034), is currently underway (UMIN000029411). The patients will
be randomized to either the pirfenidone group or the control group for segmentectomy or
lobectomy, with subsequent IPF acute exacerbation rate within 30 days after surgery as the
primary endpoint. The results of this study are expectedly awaited.

4. Radiation Therapy for NSCLC with Comorbid IP
4.1. Risk Factors for Acute Exacerbations of IP Due to Radiation Therapy

Thoracic radiotherapy in patients with lung cancer with comorbid IP induces the
acute exacerbation of pre-existing IP (or radiation pneumonitis) in 20–30% of patients.
Consequently, the risk of death during thoracic radiotherapy is 165.7 times higher in lung
cancer patients with IP than in those without IP [47]. Risk factors for acute exacerbations of
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IP due to radiation therapy include high levels of KL-6, the proportion of normal lungs
irradiated ≥5–25 Gy (V5–25), and the mean lung dose (MLD) of normal lungs [48,49].
In addition, a nationwide survey of radiotherapy for lung cancer with IP by the Japanese
Radiation Oncology Study Group (JROSG) showed that grading of radiation pneumonitis,
FEV1.0, and V30 of the lung were identified as risk factors for acute exacerbation [50].
In a systemic review of stereotactic body radiation therapy (SBRT) for early-stage lung
cancer with comorbid IP, V20 ≤ 6.5% and MLD ≤ 4.5 Gy were associated with reduced
mortality [51].

4.2. Radiation Therapy in Practice

If thoracic radiotherapy in NSCLC patients with comorbid IP induces the acute
exacerbation of pre-existing IP, the mortality rate is extremely high [47,52]. Even if IP in the
background is mild or subtle and there are no shadows in the irradiated area, radiation
therapy can cause fatal acute exacerbation of pre-existing IP. Therefore, if the attending
physician judges that the patient has IP based on reasons such as the presence of interstitial
shadows on CT and fine crackles on auscultation, it would be safe not to perform thoracic
radiotherapy in which the lung field is included in the irradiation field. Radiation therapy
for brain metastases or bone metastases in the spine or ribs, where the irradiation field
does not include the lung field, may be considered for use if necessary.

On the other hand, in a nationwide survey of radiotherapy for lung cancer with IP
by JROSG, only 17% of the respondents answered that radiotherapy for patients with
comorbid IP was “unacceptable”, while the remaining 83% answered “acceptable” or
“could be a choice” [50]. Thus, there are often disagreements between physician/medical
oncologists and radiation oncologists. In the Japanese Respiratory Society statement for the
treatment of lung cancer with comorbid IP, radiotherapy itself is not contraindicated [14].
When there is no other alternative, or in the case of an oncologic emergency, palliative
radiation therapy, including lung fields, may be a viable option after careful discussion
between the patient, attending physician, and radiation oncologist to consider the risks
and benefits.

5. Conclusions and Future Perspectives

Most of the previous reports on NSCLC with comorbid IP have been in the Japanese
population. One possible reason is that respiratory physicians in Japan often diagnose
and treat both NSCLC and IP. This may also be due to the fact that the incidence of EGFR-
TKI-induced interstitial lung disease and acute exacerbation of IPF tends to be higher in
Japanese and East Asians, and there is more interest in these topics. However, as for ICI,
the incidence of pneumonitis has been reported to be as high in the Caucasian population
as in Japanese or Asian patients [53]. Recently, case series of ICI administered for NSCLC
with IP have been published from France [54–56], and worldwide interest is gradually
increasing, especially in Europe.

The current situation, in which the coronavirus infection 2019 (COVID-19) is still
raging around the world, creates new challenges in differentiating acute exacerbations
of IP- and drug-induced pneumonitis from COVID-19-related pneumonia. Accurate and
rigorous evaluation of pre-existing IP will lead to more appropriate provision of safe
and effective treatment to patients with NSCLC. We hope that the topic of “NSCLC with
comorbid IP” will attract interest not only from Japan but also from all over the world, and
that more data will be accumulated.

Author Contributions: S.I.: Conceptualization, Investigation, Visualization, Writing (Original Draft).
T.K.: Conceptualization, Investigation, Writing (Review and Editing). H.K.: Investigation, Writing
(Review and Editing). A.S.: Investigation, Writing (Review and Editing). T.B.: Investigation, Writ-
ing (Review and Editing). T.O.: Conceptualization, Investigation, Writing (Review and Editing).
All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Cancers 2021, 13, 3979 9 of 12

Acknowledgments: We would like to thank the patients, their families, Thoracic Oncology Research
Group (TORG) data center staff, and all the investigators who participated in our TORG1936/AMBITIOUS
study [39].

Conflicts of Interest: The authors declare the following financial interests/personal relationships
which may be considered as potential competing interests: Ikeda S reports grants and personal fees
from Chugai, grants and personal fees from AstraZeneca, personal fees from Ono, personal fees from
Bristol Myers Squibb, personal fees from Pfizer, personal fees from Boehringer Ingelheim, personal
fees from Eli Lilly, and personal fees from Taiho, outside the submitted work. Kato T reports grants
and personal fees from Chugai, grants and personal fees from Abbvie, grants and personal fees
from Amgen, grants and personal fees from AstraZeneca, grants and personal fees from Boehringer
Ingelheim, grants and personal fees from Bristol Myers Squibb, grants and personal fees from Eli
Lilly, grants and personal fees from Merck Biopharma, grants and personal fees from MSD, grants
and personal fees from Novartis, grants and personal fees from Ono, grants and personal fees from
Pfizer, grants and personal fees from Taiho, personal fees from Daiichi-Sankyo, personal fees from
F. Hoffmann-La Roche, personal fees from Nippon Kayaku, personal fees from Nitto Denko, personal
fees from Shionogi, personal fees from Sumitomo Dainippon, personal fees from Takeda, grants from
Astellas, grants from Kyorin, grants from Kyowa-Kirin, and grants from Regeneron, outside the
submitted work. Kenmotsu H reports grants and personal fees from Chugai, during the conduct of
the study; grants and personal fees from AstraZeneca, personal fees from Ono, personal fees from
Boehringer Ingelheim, personal fees from Eli Lilly, personal fees from Kyowa Hakko Kirin, personal
fees from Bristol-Myers Squibb, personal fees from MSD, grants and personal fees from Novartis,
personal fees from Daiichi-Sankyo, and personal fees from Pfizer, outside the submitted work. Sekine
A reports personal fees from AstraZeneca, personal fees from Ono, personal fees from Boehringer
Ingelheim, and personal fees from Eli Lilly, outside the submitted work. Baba T reports personal fees
from AstraZeneca, personal fees from Boehringer Ingelheim, and personal fees from Daiichi-Sankyo,
outside the submitted work. Ogura T reports personal fees from Shionogi, personal fees from Nippon
Boehringer Ingelheim, and personal fees from Eisai, outside the submitted work.

References
1. Raghu, G.; Nyberg, F.; Morgan, G. The epidemiology of interstitial lung disease and its association with lung cancer. Br. J. Cancer

2004, 91, S3–S10. [CrossRef]
2. Kreuter, M.; Ehlers-Tenenbaum, S.; Schaaf, M.; Oltmanns, U.; Palmowski, K.; Hoffmann, H.; Schnabel, P.A.; Heußel, C.P.;

Puderbach, M.; Herth, F.J.; et al. Treatment and outcome of lung cancer in idiopathic interstitial pneumonias. Sarcoidosis Vasc.
Diffuse Lung Dis. 2015, 31, 266–274. [PubMed]

3. Natsuizaka, M.; Chiba, H.; Kuronuma, K.; Otsuka, M.; Kudo, K.; Mori, M.; Bando, M.; Sugiyama, Y.; Takahashi, H. Epidemiologic
Survey of Japanese Patients with Idiopathic Pulmonary Fibrosis and Investigation of Ethnic Differences. Am. J. Respir. Crit. Care
Med. 2014, 190, 773–779. [CrossRef]

4. Vancheri, C. Idiopathic pulmonary fibrosis and cancer: Do they really look similar? BMC Med. 2015, 13, 220. [CrossRef]
5. Vancheri, C. Common pathways in idiopathic pulmonary fibrosis and cancer. Eur. Respir. Rev. 2013, 22, 265–272. [CrossRef]

[PubMed]
6. Demopoulos, K.; Arvanitis, D.A.; Vassilakis, D.A.; Siafakas, N.M.; Spandidos, D.A. MYCL1, FHIT, SPARC, p16(INK4) and TP53

genes associated to lung cancer in idiopathic pulmonary fibrosis. J. Cell Mol. Med. 2002, 6, 215–222. [CrossRef]
7. Uematsu, K.; Yoshimura, A.; Gemma, A.; Mochimaru, H.; Hosoya, Y.; Kunugi, S.; Matsuda, K.; Seike, M.; Kurimoto, F.;

Takenaka, K.; et al. Aberrations in the fragile histidine triad (FHIT) gene in idiopathic pulmonary fibrosis. Cancer Res. 2001, 61,
8527–8533. [PubMed]

8. Honda, T.; Sakashita, H.; Masai, K.; Totsuka, H.; Motoi, N.; Kobayashi, M.; Akashi, T.; Mimaki, S.; Tsuchihara, K.; Chiku, S.;
et al. Deleterious Pulmonary Surfactant System Gene Mutations in Lung Adenocarcinomas Associated with Usual Interstitial
Pneumonia. JCO Precis. Oncol. 2018, 2, 1–24. [CrossRef]

9. Diaz de Leon, A.; Cronkhite, J.T.; Katzenstein, A.L.; Godwin, J.D.; Raghu, G.; Glazer, C.S.; Rosenblatt, R.L.; Girod, C.E.;
Garrity, E.R.; Xing, C.; et al. Telomere lengths, pulmonary fibrosis and telomerase (TERT) mutations. PLoS ONE 2010, 5, e10680.
[CrossRef]

10. Azuma, A.; Nukiwa, T.; Tsuboi, E.; Suga, M.; Abe, S.; Nakata, K.; Taguchi, Y.; Nagai, S.; Itoh, H.; Ohi, M.; et al. Double-blind,
placebo-controlled trial of pirfenidonein patients with idiopathic pulmonary fibrosis. Am. J. Respir. Crit. Care Med. 2005, 171,
1040–1047. [CrossRef]

11. Taniguchi, H.; Ebina, M.; Kondoh, Y.; Ogura, T.; Azuma, A.; Suga, M.; Taguchi, Y.; Takahashi, H.; Nakata, K.; Sato, A.; et al.
Pirfenidone Clinical Study Group in Japan. Pirfenidone in idiopathic pulmonary fibrosis. Eur. Respir. J. 2010, 35, 821–829.
[CrossRef]

http://doi.org/10.1038/sj.bjc.6602061
http://www.ncbi.nlm.nih.gov/pubmed/25591137
http://doi.org/10.1164/rccm.201403-0566OC
http://doi.org/10.1186/s12916-015-0478-1
http://doi.org/10.1183/09059180.00003613
http://www.ncbi.nlm.nih.gov/pubmed/23997054
http://doi.org/10.1111/j.1582-4934.2002.tb00188.x
http://www.ncbi.nlm.nih.gov/pubmed/11731438
http://doi.org/10.1200/PO.17.00301
http://doi.org/10.1371/journal.pone.0010680
http://doi.org/10.1164/rccm.200404-571OC
http://doi.org/10.1183/09031936.00005209


Cancers 2021, 13, 3979 10 of 12

12. Park, I.-N.; Kim, D.S.; Shim, T.S.; Lim, C.-M.; Lee, S.D.; Koh, Y.; Kim, W.S.; Kim, W.D.; Jang, S.J.; Colby, T.V. Acute Exacerbation of
Interstitial Pneumonia Other Than Idiopathic Pulmonary Fibrosis. Chest 2007, 132, 214–220. [CrossRef] [PubMed]

13. Collard, H.R.; Ryerson, C.J.; Corte, T.J.; Jenkins, G.; Kondoh, Y.; Lederer, D.J.; Lee, J.S.; Maher, T.M.; Wells, A.U.; Antoniou, K.M.;
et al. Acute Exacerbation of Idiopathic Pulmonary Fibrosis. An International Working Group Report. Am. J. Respir. Crit. Care Med.
2016, 194, 265–275. [CrossRef] [PubMed]

14. Ogura, T.; Takigawa, N.; Tomii, K.; Kishi, K.; Inoue, Y.; Ichihara, E.; Homma, S.; Takahashi, K.; Akamatsu, H.; Ikeda, S.; et al.
Summary of the Japanese Respiratory Society statement for the treatment of lung cancer with comorbid interstitial pneumonia.
Respir. Investig. 2019, 57, 512–533. [CrossRef] [PubMed]

15. Kenmotsu, H.; Naito, T.; Kimura, M.; Ono, A.; Shukuya, T.; Nakamura, Y.; Tsuya, A.; Kaira, K.; Murakami, H.; Takahashi, T.; et al.
The risk of cytotoxic chemotherapy-related exacerbation of interstitial lung disease with lung cancer. J. Thorac. Oncol. 2011, 6,
1242–1246. [CrossRef]

16. Enomoto, Y.; Inui, N.; Kato, T.; Baba, T.; Karayama, M.; Nakamura, Y.; Ogura, T.; Suda, T. Low forced vital capacity predicts
cytotoxic chemotherapy-associated acute exacerbation of interstitial lung disease in patients with lung cancer. Lung Cancer 2016,
96, 63–67. [CrossRef]

17. Ogura, T.; Azuma, A.; Inoue, Y.; Taniguchi, H.; Chida, K.; Bando, M.; Niimi, Y.; Kakutani, S.; Suga, M.; Sugiyama, Y.; et al. All-case
post-marketing surveillance of 1371 patients treated with pirfenidone for idiopathic pulmonary fibrosis. Respir. Investig. 2015, 53,
232–241. [CrossRef] [PubMed]

18. Costabel, U.; Inoue, Y.; Richeldi, L.; Collard, H.R.; Stowasser, S.; Tschoepe, I.; Azuma, A. Effect of baseline FVC on decline in lung
function with nintedanib: Results from the INPULSIS™ trials. Eur. Respir. J. 2014, 44, 1907. [CrossRef]

19. Kobayashi, H.; Omori, S.; Nakashima, K.; Wakuda, K.; Ono, A.; Kenmotsu, H.; Naito, T.; Murakami, H.; Endo, M.; Takahashi, T.
Modified GAP index for prediction of acute exacerbation of idiopathic pulmonary fibrosis in non-small cell lung cancer. Respirology
2017, 22, 1379–1385. [CrossRef]

20. Kenmotsu, H.; Sakai, F.; Kato, T.; Kusumoto, M.; Baba, T.; Kuwano, K.; Gemma, A.; Nakagawa, K.; Nakanishi, Y.; Yamamoto, N.;
et al. Nivolumab-induced interstitial lung disease (ILD) in Japanese patients with non-small cell lung cancer: A study on risk
factors using interim results of post-marketing all-case surveillance. J. Clin. Oncol. 2017, 35, 9078. [CrossRef]

21. Shibaki, R.; Murakami, S.; Matsumoto, Y.; Yoshida, T.; Goto, Y.; Kanda, S.; Horinouchi, H.; Fujiwara, Y.; Yamamoto, N.;
Kusumoto, M.; et al. Association of immune-related pneumonitis with the pres-ence of preexisting interstitial lung disease in
patients with non-small lung cancer receiving anti-programmed cell death 1 antibody. Cancer Immunol. Immunother. 2020, 69,
15–22. [CrossRef]

22. Shimoji, K.; Masuda, T.; Yamaguchi, K.; Sakamoto, S.; Horimasu, Y.; Nakashima, T.; Miyamoto, S.; Iwamoto, H.; Fujitaka, K.;
Hamada, H.; et al. MO10-2 Association of pre-existing interstitial lung abnormalities with immune checkpoint inhibitor-induced
interstitial lung disease among patients with non-lung cancers. Ann. Oncol. 2021, 32, S302. [CrossRef]

23. Kenmotsu, H.; Yoh, K.; Mori, K.; Ono, A.; Baba, T.; Fujiwara, Y.; Yamaguchi, O.; Ko, R.; Okamoto, H.; Yamamoto, N.; et al. Phase
II study of nab-paclitaxel + carboplatin for patients with non-small-cell lung cancer and interstitial lung disease. Cancer Sci. 2019,
110, 3738–3745. [CrossRef]

24. Asahina, H.; Oizumi, S.; Takamura, K.; Harada, T.; Harada, M.; Yokouchi, H.; Kanazawa, K.; Fujita, Y.; Kojima, T.; Sugaya, F.;
et al. Hokkaido Lung Cancer Clinical Study Group. A prospective phase II study of carboplatin and nab-paclitaxel in patients
with advanced non-small cell lung cancer and con-comitant interstitial lung disease (HOT1302). Lung Cancer 2019, 138, 65–71.
[CrossRef]

25. Minegishi, Y.; Sudoh, J.; Kuribayasi, H.; Mizutani, H.; Seike, M.; Azuma, A.; Yoshimura, A.; Kudoh, S.; Gemma, A. The safety and
efficacy of weekly paclitaxel in combination with carboplatin for advanced non-small cell lung cancer with idiopathic interstitial
pneumonias. Lung Cancer 2011, 71, 70–74. [CrossRef] [PubMed]

26. Fukuizumi, A.; Minegishi, Y.; Omori, M.; Atsumi, K.; Takano, N.; Hisakane, K.; Takahashi, S.; Kobayashi, K.; Sugano, T.;
Takeuchi, S.; et al. Weekly paclitaxel in combination with carboplatin for advanced non-small-cell lung cancer complicated by
idiopathic interstitial pneumonias: A single-arm phase II study. Int. J. Clin. Oncol. 2019, 24, 1543–1548. [CrossRef]

27. Sekine, A.; Satoh, H.; Baba, T.; Ikeda, S.; Okuda, R.; Shinohara, T.; Komatsu, S.; Hagiwara, E.; Iwasawa, T.; Ogura, T.; et al. Safety
and efficacy of S-1 in combination with carboplatin in non-small cell lung cancer patients with interstitial lung disease: A pilot
study. Cancer Chemother. Pharm. 2016, 77, 1245–1252. [CrossRef] [PubMed]

28. Hanibuchi, M.; Kakiuchi, S.; Atagi, S.; Ogushi, F.; Shimizu, E.; Haku, T.; Toyoda, Y.; Azuma, M.; Kondo, M.; Kawano, H.; et al.
A multicenter, open-label, phase II trial of S-1 plus carboplatin in advanced non-small cell lung cancer patients with interstitial
lung dis-ease. Lung Cancer 2018, 125, 93–99. [CrossRef]

29. Shimizu, R.; Fujimoto, D.; Kato, R.; Otoshi, T.; Kawamura, T.; Tamai, K.; Matsumoto, T.; Nagata, K.; Otsuka, K.; Nakagawa, A.;
et al. The safety and efficacy of paclitaxel and carboplatin with or without bevacizumab for treating patients with advanced
nonsquamous non-small cell lung cancer with interstitial lung disease. Cancer Chemother. Pharmacol. 2014, 74, 1159–1166.
[CrossRef] [PubMed]

30. Otsubo, K.; Kishimoto, J.; Kenmotsu, H.; Minegishi, Y.; Ichihara, E.; Shiraki, A.; Kato, T.; Atagi, S.; Horinouchi, H.; Ando, M.;
et al. Treatment Rationale and Design for J-SONIC: A Randomized Study of Carboplatin Plus Nab-paclitaxel With or Without
Nintedanib for Advanced Non–Small-cell Lung Cancer with Idiopathic Pulmonary Fibrosis. Clin. Lung Cancer 2018, 19, e5–e9.
[CrossRef]

http://doi.org/10.1378/chest.07-0323
http://www.ncbi.nlm.nih.gov/pubmed/17400667
http://doi.org/10.1164/rccm.201604-0801CI
http://www.ncbi.nlm.nih.gov/pubmed/27299520
http://doi.org/10.1016/j.resinv.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31377122
http://doi.org/10.1097/JTO.0b013e318216ee6b
http://doi.org/10.1016/j.lungcan.2016.03.017
http://doi.org/10.1016/j.resinv.2015.06.001
http://www.ncbi.nlm.nih.gov/pubmed/26344613
http://doi.org/10.1136/thoraxjnl-2014-206260.18
http://doi.org/10.1111/resp.13075
http://doi.org/10.1200/JCO.2017.35.15_suppl.9078
http://doi.org/10.1007/s00262-019-02431-8
http://doi.org/10.1016/j.annonc.2021.05.585
http://doi.org/10.1111/cas.14217
http://doi.org/10.1016/j.lungcan.2019.09.020
http://doi.org/10.1016/j.lungcan.2010.04.014
http://www.ncbi.nlm.nih.gov/pubmed/20493578
http://doi.org/10.1007/s10147-019-01516-9
http://doi.org/10.1007/s00280-016-3040-8
http://www.ncbi.nlm.nih.gov/pubmed/27130459
http://doi.org/10.1016/j.lungcan.2018.09.007
http://doi.org/10.1007/s00280-014-2590-x
http://www.ncbi.nlm.nih.gov/pubmed/25245821
http://doi.org/10.1016/j.cllc.2017.06.003


Cancers 2021, 13, 3979 11 of 12

31. Cho, J.Y.; Kim, J.; Lee, J.S.; Kim, Y.J.; Kim, S.H.; Lee, Y.J.; Cho, Y.-J.; Yoon, H.I.; Lee, J.H.; Lee, C.-T.; et al. Characteristics, incidence,
and risk factors of immune checkpoint inhibitor-related pneumonitis in patients with non-small cell lung cancer. Lung Cancer
2018, 125, 150–156. [CrossRef] [PubMed]

32. Kudoh, S.; Kato, H.; Nishiwaki, Y.; Fukuoka, M.; Nakata, K.; Ichinose, Y.; Tsuboi, M.; Yokota, S.; Nakagawa, K.; Suga, M.; et al.
Interstitial lung disease in Japanese patients with lung cancer: A cohort and nested case-control study. Am. J. Respir. Crit. Care
Med. 2008, 177, 1348–1357. [CrossRef]

33. Fujimoto, D.; Tomii, K.; Otoshi, T.; Kawamura, T.; Tamai, K.; Takeshita, J.; Tanaka, K.; Matsumoto, T.; Monden, K.; Nagata, K.;
et al. Preexisting interstitial lung disease is inversely correlated to tumor epidermal growth factor receptor mutation in patients
with lung adenocarcinoma. Lung Cancer 2013, 80, 159–164. [CrossRef] [PubMed]

34. Kenmotsu, H.; Naito, T.; Mori, K.; Ko, R.; Ono, A.; Wakuda, K.; Imai, H.; Taira, T.; Murakami, H.; Endo, M.; et al. Effect of
platinum-based chemotherapy for non-small cell lung cancer patients with interstitial lung disease. Cancer Chemother. Pharmacol.
2015, 75, 521–526. [CrossRef]

35. Kato, M.; Shukuya, T.; Takahashi, F.; Mori, K.; Suina, K.; Asao, T.; Kanemaru, R.; Honma, Y.; Muraki, K.; Sugano, K.; et al.
Pemetrexed for advanced non-small cell lung cancer patients with interstitial lung disease. BMC Cancer 2014, 14, 508. [CrossRef]
[PubMed]

36. Minegishi, Y.; Gemma, A.; Homma, S.; Kishi, K.; Azuma, A.; Ogura, T.; Hamada, N.; Taniguchi, H.; Hattori, N.; Nishioka, Y.; et al.
Acute ex-acerbation of idiopathic interstitial pneumonias related to chemotherapy for lung cancer: Nationwide surveillance in
Japan. ERJ Open Res. 2020, 6. [CrossRef]

37. Fujimoto, D.; Morimoto, T.; Ito, J.; Sato, Y.; Ito, M.; Teraoka, S.; Otsuka, K.; Nagata, K.; Nakagawa, A.; Tomii, K. A pilot trial of
nivolumab treatment for advanced non-small cell lung cancer patients with mild idio-pathic interstitial pneumonia. Lung Cancer
2017, 111, 1–5. [CrossRef]

38. Fujimoto, D.; Yomota, M.; Sekine, A.; Morita, M.; Morimoto, T.; Hosomi, Y.; Ogura, T.; Tomioka, H.; Tomii, K. Nivolumab for
advanced non-small cell lung cancer patients with mild idiopathic interstitial pneumonia: A multicenter, open-label single-arm
phase II trial. Lung Cancer 2019, 134, 274–278. [CrossRef] [PubMed]

39. Kanai, O.; Kim, Y.H.; Demura, Y.; Kanai, M.; Ito, T.; Fujita, K.; Yoshida, H.; Akai, M.; Mio, T.; Hirai, T. Efficacy and safety of
nivolumab in non-small cell lung cancer with preexisting interstitial lung disease. Thorac. Cancer 2018, 9, 847–855. [CrossRef]

40. Ikeda, S.; Kato, T.; Kenmotsu, H.; Ogura, T.; Iwasawa, S.; Sato, Y.; Harada, T.; Kubota, K.; Tokito, T.; Okamoto, I.; et al. A Phase
2 Study of Atezolizumab for Pretreated NSCLC With Idiopathic Interstitial Pneumonitis. J. Thorac. Oncol. 2020, 15, 1935–1942.
[CrossRef]

41. Sato, T.; Teramukai, S.; Kondo, H.; Watanabe, A.; Ebina, M.; Kishi, K.; Fujii, Y.; Mitsudomi, T.; Yoshimura, M.; Maniwa, T.; et al.
Impact and predictors of acute exacerbation of interstitial lung diseases after pulmonary resection for lung cancer. J. Thorac.
Cardiovasc. Surg. 2014, 147, 1604–1611.e3. [CrossRef] [PubMed]

42. Sato, T.; Kondo, H.; Watanabe, A.; Nakajima, J.; Niwa, H.; Horio, H.; Okami, J.; Okumura, N.; Sugio, K.; Teramukai, S.; et al.
A simple risk scoring system for pre-dicting acute exacerbation of interstitial pneumonia after pulmonary resection in lung cancer
patients. Gen. Thorac. Cardiovasc. Surg. 2015, 63, 164–172. [CrossRef] [PubMed]

43. Omori, T.; Tajiri, M.; Baba, T.; Ogura, T.; Iwasawa, T.; Okudela, K.; Takemura, T.; Oba, M.S.; Maehara, T.; Naka-yama, H.; et al.
Pulmonary Resection for Lung Cancer in Patients with Idiopathic In-terstitial Pneumonia. Ann. Thorac. Surg. 2015, 100, 954–960.
[CrossRef]

44. Ito, H.; Nakayama, H.; Yokose, T.; Yamada, K. Prophylaxis for acute exacerbation of interstitial pneumonia after lung resection.
Asian Cardiovasc. Thorac. Ann. 2014, 22, 948–954. [CrossRef]

45. Yamauchi, Y.; Izumi, Y.; Inoue, M.; Sugiura, H.; Goto, T.; Anraku, M.; Ohtsuka, T.; Kohno, M.; Soejima, K.; Nomori, H. Safety of
postoperative administration of human urinary trypsin inhibitor in lung cancer pa-tients with idiopathic pulmonary fibrosis.
PLoS ONE 2011, 6, e29053. [CrossRef] [PubMed]

46. Iwata, T.; Yoshino, I.; Yoshida, S.; Ikeda, N.; Tsuboi, M.; Asato, Y.; Katakami, N.; Sakamoto, K.; Yamashita, Y.; Okami, J.; et al. West
Japan Oncology Group. A phase II trial evaluating the effi-cacy and safety of perioperative pirfenidone for prevention of acute
exacerbation of idiopathic pulmo-nary fibrosis in lung cancer patients undergoing pulmonary resection: West Japan Oncology
Group 6711 L (PEOPLE Study). Respir. Res. 2016, 17, 90.

47. Ohe, Y.; Yamamoto, S.; Suzuki, K.; Hojo, F.; Kakinuma, R.; Matsumoto, T.; Ohmatsu, H.; Nishiwaki, Y. Risk fac-tors of treatment-
related death in chemotherapy and thoracic radiotherapy for lung cancer. Eur. J. Cancer 2001, 37, 54–63. [CrossRef]

48. Yamaguchi, S.; Ohguri, T.; Ide, S.; Aoki, T.; Imada, H.; Yahara, K.; Narisada, H.; Korogi, Y. Stereotactic body radiotherapy for lung
tumors in patients with subclinical interstitial lung disease: The potential risk of extensive radiation pneumonitis. Lung Cancer
2013, 82, 260–265. [CrossRef] [PubMed]

49. Yoshitake, T.; Shioyama, Y.; Asai, K.; Nakamura, K.; Sasaki, T.; Ohga, S.; Kamitani, T.; Yamaguchi, T.; Ohshima, K.; Matsumoto, K.;
et al. Impact of Interstitial Changes on Radiation Pneumonitis After Stereotactic Body Radiation Therapy for Lung Cancer.
Anticancer Res. 2015, 35, 4909–4913. [PubMed]

50. Hagiwara, Y.; Nakayama, Y.; Kudo, S.; Hayakawa, T.; Nakamura, N.; Kitamoto, Y.; Takahashi, S.; Tsujino, K.; Kubo, N.; Tamaki, Y.;
et al. Japan Radiation Oncology Study Group (JROSG) Working Subgroup for Lung and Mediastinal Tumors. Nationwide
survey of radiation therapy in Japan for lung cancer complicated with interstitial lung disease. J. Radiat. Res. 2020, 61, 563–574.
[CrossRef]

http://doi.org/10.1016/j.lungcan.2018.09.015
http://www.ncbi.nlm.nih.gov/pubmed/30429014
http://doi.org/10.1164/rccm.200710-1501OC
http://doi.org/10.1016/j.lungcan.2013.01.017
http://www.ncbi.nlm.nih.gov/pubmed/23419507
http://doi.org/10.1007/s00280-014-2670-y
http://doi.org/10.1186/1471-2407-14-508
http://www.ncbi.nlm.nih.gov/pubmed/25012241
http://doi.org/10.1183/23120541.00184-2019
http://doi.org/10.1016/j.lungcan.2017.06.008
http://doi.org/10.1016/j.lungcan.2019.06.001
http://www.ncbi.nlm.nih.gov/pubmed/31182249
http://doi.org/10.1111/1759-7714.12759
http://doi.org/10.1016/j.jtho.2020.08.018
http://doi.org/10.1016/j.jtcvs.2013.09.050
http://www.ncbi.nlm.nih.gov/pubmed/24267779
http://doi.org/10.1007/s11748-014-0487-6
http://www.ncbi.nlm.nih.gov/pubmed/25352311
http://doi.org/10.1016/j.athoracsur.2015.03.094
http://doi.org/10.1177/0218492314526187
http://doi.org/10.1371/journal.pone.0029053
http://www.ncbi.nlm.nih.gov/pubmed/22216165
http://doi.org/10.1016/S0959-8049(00)00350-6
http://doi.org/10.1016/j.lungcan.2013.08.024
http://www.ncbi.nlm.nih.gov/pubmed/24054547
http://www.ncbi.nlm.nih.gov/pubmed/26254387
http://doi.org/10.1093/jrr/rraa018


Cancers 2021, 13, 3979 12 of 12

51. Chen, H.; Senan, S.; Nossent, E.J.; Boldt, R.G.; Warner, A.; Palma, D.A.; Louie, A.V. Treatment-Related Toxicity in Patients with
Early-Stage Non-Small Cell Lung Cancer and Coexisting Interstitial Lung Disease: A Systematic Review. Int. J. Radiat. Oncol.
2017, 98, 622–631. [CrossRef]

52. Minegishi, Y.; Takenaka, K.; Mizutani, H.; Sudoh, J.; Noro, R.; Okano, T.; Azuma, A.; Yoshimura, A.; Ando, M.; Tsuboi, E.;
et al. Exacerbation of Idiopathic Interstitial Pneumonias Associated with Lung Cancer Therapy. Intern. Med. 2009, 48, 665–672.
[CrossRef] [PubMed]

53. Suresh, K.; Voong, K.R.; Shankar, B.; Forde, P.M.; Ettinger, D.S.; Marrone, K.A.; Kelly, R.J.; Hann, C.L.; Levy, B.; Feliciano, J.L.;
et al. Pneumonitis in Non-Small Cell Lung Cancer Patients Receiving Immune Checkpoint Immunotherapy: Incidence and Risk
Factors. J. Thorac. Oncol. 2018, 13, 1930–1939. [CrossRef] [PubMed]

54. Duchemann, B.; Pluvy, J.; Crestani, B.; Zalcman, G.; Nunes, H. Immune checkpoint blockade for patients with lung cancer and
idiopathic pulmonary fibrosis. Eur. J. Cancer 2021, 145, 179–182. [CrossRef]

55. Ikeda, S.; Kato, T.; Kenmotsu, H.; Okamoto, H.; Ogura, T. Re: Immune checkpoint blockade for patients with lung cancer and
idiopathic pulmonary fibrosis. Eur. J. Cancer. 2021, 151, 249–251. [CrossRef] [PubMed]

56. Duchemann, B.; Pluvy, J.; Crestani, B.; Zalcman, G.; Nunes, H. Response to letter entitled: Re: Immune checkpoint blockade for
patients with lung cancer and idiopathic pulmonary fibrosis. Eur. J. Cancer 2021, 151, 252–253. [CrossRef]

http://doi.org/10.1016/j.ijrobp.2017.03.010
http://doi.org/10.2169/internalmedicine.48.1650
http://www.ncbi.nlm.nih.gov/pubmed/19420811
http://doi.org/10.1016/j.jtho.2018.08.2035
http://www.ncbi.nlm.nih.gov/pubmed/30267842
http://doi.org/10.1016/j.ejca.2020.12.016
http://doi.org/10.1016/j.ejca.2021.03.050
http://www.ncbi.nlm.nih.gov/pubmed/33962866
http://doi.org/10.1016/j.ejca.2021.04.001

	Introduction 
	Pharmacotherapy for NSCLC with Comorbid IP 
	Treatment Options for Patients with IP 
	Risk Factors for Acute Exacerbations of IP Due to Pharmacotherapy 
	First-Line Treatment of NSCLC with Comorbid IP 
	Second-Line or Later Treatment of NSCLC with Comorbid IP 
	Importance of Follow-Up and Patient Education 

	Surgery and Perioperative Treatment for NSCLC with Comorbid IP 
	Surgery 
	Perioperative Treatment 

	Radiation Therapy for NSCLC with Comorbid IP 
	Risk Factors for Acute Exacerbations of IP Due to Radiation Therapy 
	Radiation Therapy in Practice 

	Conclusions and Future Perspectives 
	References

