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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. 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% for cryptogenic organizing pneumonia. 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.

Keywords: non-small-cell lung cancer ; interstitial pneumonia ; idiopathic pulmonary fibrosis ; acute exacerbation ;

pneumonitis ; cytotoxic drug

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 . In this statement, cytotoxic drugs are classified into three categories according to the risk of acute exacerbation

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 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 . Abbreviations: IP, interstitial pneumonia; PD-1, Programmed death 1; PD-L1, Programmed death ligand 1.
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2. Risk Factors for Acute Exacerbations of IP Due to Pharmacotherapy

There have been several studies on risk factors for the development of acute exacerbations 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 . 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 . 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% . 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 . 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 . The retrospective study of Japanese patients with NSCLC 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) .

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 .

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 paclitaxel (nab-paclitaxel) have been reported . 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

patients (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 . The incidence of acute exacerbation induced by this combination

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 . The concomitant use of

bevacizumab is unlikely to change the risk of triggering the development of acute exacerbations and may be considered in

cases where it can be administered . 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) . 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 antiangiogenic 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

.
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In recent years, monotherapy with anti-PD-1/PD-L1 antibodies (nivolumab, pembrolizumab, 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 , 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 mutations/translocations is usually recommended. However, when gefitinib-induced pneumonitis

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 . 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 , 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.

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 . In Japan, a nationwide 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 . 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) .

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 .

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% . 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

 (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% . 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 . As mentioned above, IP (especially IPF) is closely related to

microsatellite instability and smoking in its pathogenesis . 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 enrollment in

September 2019. However, due to the high incidence of grade ≥ 3 pneumonitis, this trial was terminated early after 17

patients had been enrolled . 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 significant. 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 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
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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 accurately 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% . 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%

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

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

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

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

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

first line randomized
control trial 3

CBDCA + nab-PTX 120 in progress

CBDCA + nab-PTX +
Nintedanib 120 in progress

second
line single arm Pilot Nivolumab 6 0.0%

second
line single arm 2 Nivolumab 18 11.1%

second
line single arm 2 Atezolizumab 17

(stopped) 29.4%

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

albumin-bound paclitaxel; PTX, paclitaxel.
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