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Background and Objective: Interstitial lung disease with lung cancer (ILD-LC) is rare and its management has not been fully described. This study aimed to investigate the management and prognosis of ILD-LC patients in China.

Methods: The present analysis is a retrospective real-world cohort study. Clinical data of ILD-LC patients were obtained from 3 hospitals in China. The overall survival (OS) of patients was analyzed. Univariate and multivariate regression analyses were performed.

Results: One hundred eighty-four ILD-LC patients included were biased toward male (85.3%), smokers (75.5%), idiopathic pulmonary fibrosis (IPF) (58.2%) patients with comorbidities (67.9%) and ECOG-PS score of 1 (65.2%). Most patients were advanced peripheral non-small cell lung cancer. The initial anti-cancer regimen for ILD-LC is mainly chemotherapy, and patients with early-stage LC prefer surgery. In the anti-cancer cohort, the number of ILD-LC patients who underwent the 2nd and 3rd or more anti-cancer regimens were 78 (55.7%) and 32 (22.8%), respectively. In the non-anticancer cohort, the median OS was 3.5 months. In the early-stage cohort, the median OS was 14.2 months in the systematic therapy group; however, the median OS was not reached in the surgery group. In the advanced-stage cohort with systematic therapy, the median OS was 7.2 months. Interstitial pneumonia (IIP) and anti-angiogenesis were associated with OS in the univariate analysis, whereas anti-angiogenesis was an independent protective factor for advanced LC with ILD.

Conclusion: Patients with ILD-LC have very poor prognosis. Appropriate anti-tumor treatment can prolong the survival time of patients who can tolerate it. Targeted therapy and immunotherapy are alternative treatments for LC patients with mild ILD. For ILD patients with advanced LC, antiangiogenic regimens significantly improve the prognosis of the disease.
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INTRODUCTION

Interstitial lung disease (ILD), especially idiopathic pulmonary fibrosis (IPF) and connective tissue disease (CTD)-ILD, is a risk factor for lung cancer. The incidence of lung cancer is 4.4–48% in IPF patients, while 5.5–9.0% in CTD-ILD patients (Raghu et al., 2004; Tomassetti et al., 2015; Enomoto et al., 2016; Jung et al., 2018; Watanabe et al., 2018). Risk factors for developing ILD with lung cancer (ILD-LC) include male sex, older age, smoking, combined pulmonary fibrosis and emphysema (CPFE) (Usui et al., 2011; Watanabe et al., 2018). In addition, CTD-ILD without immunosuppressive therapy may be a risk factor for cancer (Watanabe et al., 2018).

Recently, the clinical profile of patients with ILD-LC was described. The ILD-LC population comprises individuals who are male, elderly, smokers, have IPF and are at advanced stage of LC (Minegishi et al., 2009). High-resolution computed tomography (HRCT) shows that the tumors are mainly in peripheral areas around ILD (Minegishi et al., 2009; Yoo et al., 2019). Squamous cell carcinoma was considered to be the most common pathological type of ILD-LC (Tomassetti et al., 2015; Watanabe et al., 2018), but there was an increasing trend for adenocarcinoma and small cell carcinoma nowadays (Saijo et al., 2017).

The IPF guidelines recommend that IPF be considered in treatment decisions for LC in IPF-LC patients (Cottin et al., 2017; Homma et al., 2018). However, the LC guidelines have not yet been established for the treatment of these patients. Surgery is recommended for early-stage lung cancer patients with ILD (Homma et al., 2018); however, there is still controversy over whether active anti-tumor strategies are suitable for inoperable ILD-LC patients with pulmonary dysfunction and poor PS score. The acute exacerbation (AE) of ILD (AE-ILD) is the main reason for the difficulty in treating patients with anti-cancer therapy (Minegishi et al.,2011a,b; Sekine et al., 2016; Hanibuchi et al., 2018; Asahina et al., 2019; Fujimoto et al., 2019; Kenmotsu et al., 2019). Although there are a few prospective studies involving chemotherapy and immunotherapy (Minegishi et al., 2009; Naccache et al., 2018), the current researches on inoperable ILD-LC focus on describing the treatments and AE-ILD retrospectively in a small population. Reducing AE-ILD is urgent, and several studies have shown that anti-angiogenic drugs such as nintedanib and bevacizumab can reduce the risk of chemotherapy-related AE-ILD (Richeldi et al., 2014; Hamada et al., 2019). However, there are more anti-angiogenic drugs, such as apatinib, anlotinib and recombinant human endostatin, etc., which have an unknown effect in reducing AE-ILD.

To date, there is no large-scale research on the treatment and prognosis of ILD-LC in China. Besides, the treatment of lung cancer has undergone tremendous changes, so the management of ILD-LC needs to be further described. To better understand the current management and prognosis of ILD-LC in China, we conducted a retrospective study to provide a feasible reference for the follow-up treatment for ILD-LC in real clinical practice.



PATIENTS AND METHODS


Patients and Diagnostic Criteria

A systematic search was conducted in the databases of three medical centers, The First Affiliated Hospital of Guangzhou Medical University, Chinese People’s Liberation Army General Hospital, and The Second Affiliated Hospital of Xi’an Jiaotong University, located in Southeast, North, and Northwest China. All included cases presented with ILD on chest HRCT scan and were histologically diagnosed with LC from January 1, 2009 to October 1, 2019. Those with missing clinical data, other malignant tumors, drug-related ILD, and cancerous lymphangitis were excluded.

Patients eligible were grouped into idiopathic interstitial pneumonia (IIP) and CTD-ILD groups based on HRCT findings and clinical courses. We classify IIP into two groups: the IPF pattern and non-IPF groups. The IPF pattern group consisted of patients diagnosed as IPF histologically or clinically according to the American Thoracic Society/European Respiratory Society (ATS/ERS) criteria. IPF diagnosed without pathology is mainly based on clinical manifestations and typical chest CT findings: basal and peripheral predominant reticular abnormalities with traction bronchiectasis and honeycombing (ATS and ERS, 2002).



Data Collection

Data such as demographic characteristics, as well as information on smoking history, comorbidities, the subtype of ILD, pulmonary function test, time to diagnose LC, histology according to World Health Organization (WHO) tumor classification, stage group using the 8th edition of the TNM classification, and regimens for anti-cancer, was obtained retrospectively from the medical record. Two independent pulmonologists evaluated the chest HRCT images taken during the diagnosis of ILD-LC that met the criteria. The imaging evaluation mainly distinguishes the IPF pattern which is mentioned above. The location of the mass is recorded as either peripheral or central. The peripheral location is defined as <3 cm from the pleura. The disagreement between the 2 reviewers has been resolved by consensus.



Statistical Analysis

SPSS software version 24 (IBM) was used for statistical analysis and Graphpad Prism version 8 for graphing. Patient demographics were compared using the unpaired t-test for continuous variables and Pearson’s χ2 test for categorical variables. Overall survival (OS) was defined as the time from the date of diagnosis of primary lung cancer to the date of death from any cause. Patients who were alive or had been lost to follow-up at the time of analysis were considered censored. Kaplan-Meier was used for survival analysis and the log-rank test was used to assess differences between groups. Cox’s proportional hazards regression analysis was used to identify significant variables that affect the survival of advanced ILD-LC patients and to estimate hazard ratios (HR) and 95% confidence intervals (CI) for predictors of survival. All tests were two-tailed, and p < 0.05 was considered statistically significant.



RESULTS


Patient Characteristics

A total of 236 patients with ILD-LC were identified, and 184 were eventually enrolled in the study (Figure 1). The baseline characteristics of all patients, the anti-cancer group and the non-anticancer group are shown in Table 1. Overall, at the time of LC diagnosis, the majority of the patients were male (85.3%) and smokers (75.5%) with a median age of 68 years (range, 44–90 years). The main subtype of ILD was IPF (58.2%). Most patients were stage III/IV peripheral NSCLC with comorbidities (67.9%) and ECOG-PS scores of 1 (65.2%). There were differences in age, ECOG-PS, and smoking status between the anti-cancer and non-anticancer groups. Patients in the non-anticancer group had older age and worse ECOG-PS scores.
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FIGURE 1. Flowchart of the ILD-LC patients selecting process.



TABLE 1. Characteristics of anti-cancer and non-anticancer patients with interstitial lung disease and lung cancer (ILD-LC).
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The Distribution of Various Anti-cancer Regimens at Different Treatment Stages in ILD-LC

Most patients with ILD-LC could not undergo multiple courses of anti-cancer regimens (Table 2). Compared with the initial treatment, the number of patients underwent the 2nd and 3rd or more anti-cancer regimens were 78 (55.7%) and 32 (22.8%), respectively. Chemotherapy accounted for the largest proportion of all treatment stages. In addition to chemotherapy, surgery (17.9%) and radiotherapy (28.2%) were the most common in the first-stage treatment and the second- stage treatment, respectively. Besides, anti-angiogenic therapy (25.0%) is preferred in the third and above stage therapies.


TABLE 2. Initial and follow-up anti-cancer regimens for patients with ILD-LC.
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The Choice of Anti-cancer Regimens Based on Histological Type, Clinical-Stage, the Subtype of ILD, and ECOG-PS Score

The anti-cancer regimen for ILD-LC is similar to that for lung cancer alone (Table 3). Patients who underwent surgery were early-stage non-small cell lung cancer patients with good ECOG-PS scores and non-IPF can be found for a higher proportion of these patients. Patients with good ECOG-PS score, small cell lung cancer, advanced stage lung cancer, and non-IPF are more inclined to choose chemotherapy. Radiotherapy is mainly used for stage III/IV squamous cell carcinoma and small cell carcinoma with an ECOG-PS score of 1, and IPF accounts for more. Targeted therapy is mainly used for IIP patients with an ECOG-PS score of 2–3 and stage III/IV adenocarcinoma. Immune checkpoint inhibitors have also been used in our ILD-LC patients, who are characterized by advanced IIP-LC with better ECOG-PS scores.


TABLE 3. Treatment options for the anti-cancer cohort of ILD-LC stratified according to histological type, clinical stage, subtype of ILD, and ECOG-PS score.
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Survival Data and Prognostic Factors

Patients were followed-up until May 2020. Thirty-four of the one hundred eighty-four patients were lost to follow-up and 23 were still alive. The median follow-up time was 27 months. In the overall population, the median OS for anti-cancer cohort and non-anticancer cohort were 11.1 vs. 3.5 (HR 0.3014, 95%CI: 0.1771 to 0.5130). In the non-anticancer cohort, the 6-month and 1-year OS rates were 25 and 6.8%, respectively. Furthermore, we divided the patients in the anti-cancer cohort into two groups: the early-stage (stage I-IIIA) group (n = 48) and the advanced stage (stage IIIB-IV) cohort (n = 92). In the early-stage group, 25 patients received surgery and 23 received systematic therapy. The advanced stage group all received systematic therapy. Among the surgical patients, 7 cases died, 13 cases survived, and 5 cases were lost to follow-up. The median OS was not reached for patients who underwent surgery, and the 1, 2, and 3-year OS rates were 80.0, 68.0, and 36.0%, respectively. The median OS for the early-stage group that underwent systematic therapy was 14.2 m, the 1 and 2-year OS rate was 47.8%, and 17.4%, respectively. The median OS of the advanced-stage cohort that underwent systematic therapy was 7.2 m, and the 1-year OS rate was 20.7% (Figure 2). Sixteen advanced-stage LC patients were receiving targeted therapy with a median OS of 6.5 months, while 9 of them with EGFR mutations receiving targeted therapy in the first stage have a median OS of 16.2 months. The median OS of 6 patients with advanced-stage LC receiving immunotherapy was 8.8 months.
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FIGURE 2. Survival analysis of ILD-LC patients in different groups. (A) Anti-cancer group (n = 140) vs. non-anticancer group (n = 44), the mOS of the anti-cancer group was significantly longer than that of the non-anticancer group. (B) Surgery group (n = 25) and systematic therapy group (n = 23) in early-stage LC with ILD. (C) Systematic therapy group (n = 92) vs. non-anticancer group in advanced stage LC with ILD. (D) For patients in advanced stage LC with ILD, OS was associated with the subtype of ILD (p = 0.0465). (E) OS was associated with anti-angiogenesis (p = 0.0148). (F) Patients received targeted therapy in advanced stage LC with ILD and the mOS was 16.2 months.


Analysis of prognostic factors was conducted to identify significant variables that affect the OS of the advanced stage group (Table 4). Gender, age, smoking status, anatomical type, histological type, stage, the subtype of ILD, the sequence of tumor occurrence, and anti-cancer regimens were included in the study. Univariate analysis revealed that patients with CTD-ILD and antiangiogenic therapy had a significantly better prognosis. Anti-angiogenic therapy was the independent factor in the Cox regression model. Patients with anti-angiogenic therapy have significantly longer OS compared to those without anti-angiogenesis, with a median OS of 9.3 vs. 6.1 m (HR: 0.5002, 95% CI: 0.2866 to 0.8731, p = 0.0148).


TABLE 4. Clinical characteristics, univariate and multivariate analysis of 92 advanced lung cancer with ILD for overall survival.
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DISCUSSION

The current descriptions of the treatment and prognosis of ILD-LC are mainly derived from retrospective studies involving a small population, which are insufficient and limited. Here, we conducted a multicenter retrospective study involving 184 ILD-LC patients, with the aim of understanding the clinical profile, management, and prognosis of ILD-LC patients in China. Consistent with previous studies (Minegishi et al., 2009; Tomassetti et al., 2015), patients with ILD-LC in our cohort are mainly elderly, smokers, male. They also had IIP, peripheral NSCLC, poor ECOG-PS, and comorbidities. Half of the patients were diagnosed with lung cancer and ILD at the same time, and most of them had mild to moderate restrictive ventilatory dysfunction and moderate to severe diffuse dysfunction.

The management of ILD-LC is important and necessary but has not been fully described. The published articles hardly discuss the differences in choosing anti-cancer or not in patients with ILD-LC. In our study, 44 (23.9%) of 184 patients chose the best supportive care (BSC) without anti-cancer regimens. We found that older age, worse ECOG-PS scores, and poor lung function may be reasons for patients choosing the BSC. Furthermore, the anti-cancer regimens in our cohort are similar to that of patients with lung cancer only. However, the challenge in clinical practice is that AE induced by anti-cancer regimens may interrupt the treatment of LC and even cause the death of patients (Minegishi et al., 2009; Amundson et al., 2019). We did not summarize the AE-ILD in most patients for the lack of clinical data. Therefore, the number of patients who underwent anti-cancer treatment at different stages was used to reflect the tolerance of these patients to anti-cancer treatment. There were 55.7% of patients administered second- and above stage treatments in our study, while 36.3% (32 of 88 in anticancer) in Minegishi et al. (2009). However, only 22.8% of ILD-LC patients underwent a third or more anti-cancer treatment in the anti-cancer group. All this means that many patients have lost the opportunity to receive more anti-cancer treatments because of ILD.

Appropriate anti-cancer measures for ILD-LC are reasonable, which makes patients live longer. Surgery is important and recommended for the management of early-stage LC with ILD due to the high survival rate (Omori et al., 2015; Sato et al., 2015; Homma et al., 2018). We also concluded that the 3-year OS rates of surgery cohort were 36.0%. However, postoperative AE-ILD is a serious complication for patients with surgery. There was one patient who experienced postoperative AE-ILD and died within 2 months in our study. Sato et al. (2014) showed that 9.3% of 1,763 patients suffered postoperative AE-ILD with a mortality rate of 43.9%. Minegishi et al. (2009) reported that 8 of 35 patients who underwent surgery experienced postoperative AE-ILD, and 3 died of AE. Surgical procedures, male sex, history of exacerbation, preoperative steroid use, serum sialylated carbohydrate antigen KL-6 levels, preoperative percent vital capacity plus serum LDH values were risk factors for postoperative AE-ILD after in patients with ILD (Shintani et al., 2010; Sato et al., 2014).

Systematic therapy for inoperable or recurrent LC with ILD is still controversial due to the AE-ILD. As mentioned above, most patients fail to receive multi-stage anti-cancer treatments in our study. However, consistent with the published researches (Kawahara et al., 2019), the present study showed that patients with advanced-stage LC benefit from systematic therapy in OS compared to those without anti-cancer treatment. The options of systematic treatment are diverse, and there is no optimal treatment for ILD-LC. Consistent with the previous study, chemotherapy was the most commonly chosen in our patients. However, the chemotherapy regimen for less AE is still inconclusive and chemotherapy-related exacerbation of ILD was between 9 and 42.8% (Watanabe et al., 2013; Kenmotsu et al., 2015). A series of prospective studies conducted in Japan showed that nab-paclitaxel plus carboplatin in NSCLC and etoposide plus carboplatin in SCLC were safe for patients with mild or moderate ILD (Minegishi et al.,2011a,b; Kenmotsu et al., 2019).

Radiotherapy plays a critical role in unresectable SCLC and NSCLC but should be used with caution in ILD-LC due to severe radiation pneumonia or AE-ILD (Yamaguchi et al., 2013; Glick et al., 2018). There were 35 patients with mild ILD administered with radiotherapy in our study, and 2 of them suffered grade 3 radiation pneumonia and AE-ILD respectively. The patient with radiation pneumonia received nintedanib monotherapy for more than a year and is still alive. While the patient with AE-ILD received BSC and died with an OS of 8 months. Radiotherapy-related grade 2–5 pneumonitis of patients with ILD-LC was 15.8% (Yamaguchi et al., 2013). Hagiwara et al. (2020) conducted a nationwide survey of radiotherapy in Japan for ILD-LC and found that 5(7.5%) of 67 patients suffered AE-ILD and 1 died of radiation-induced AE. Kobayashi et al. (2018) revealed that 17 (46%) of 37 patients treated with chemoradiotherapy developed grade 3 and above AE-ILD within 1 year after the last irradiation. Therefore, radiotherapy should be applied cautiously considering the serious side effects.

For patients with driver genes and mutations, tyrosine kinase inhibitors (TKIs) are more effective than traditional chemotherapy. However, the risk of TKI-induced ILD and AE-ILD remind us that TKIs should be applied cautiously in ILD-LC (Shi et al., 2014; Shah, 2016; Gemma et al., 2019). In our cohort, there were 10 patients confirmed with EGFR mutations receiving EGFR-TKIs in first-line treatment. The median OS of the 9 patients with advanced-stage LC was 16.2 months, and 4 (44.4%) of them experienced more than one stage treatments. Besides, preliminary evidence suggests that TKIs can be continued after TKI-induced ILD in the case of steroid coverage and/or dose reduction (Shah, 2016). Considering the long-term survival of ILD-LC patients with driver genes and mutations, TKIs should be administered at the first stage treatments.

The application of immune checkpoint inhibitors (ICIs) is a milestone in lung cancer, and the occurrence of immune-related adverse events (irAEs) such as checkpoint inhibitor-related pneumonitis (CIPs) is inevitable (Jain et al., 2018). The high mortality rate was observed in severe grade CIPs in NSCLC (Suresh et al., 2018; Tone et al., 2019), and pre-existing ILD is a risk factor for developing CIPs (Kanai et al., 2018). Therefore, CIPs maybe a serious threat to patients with ILD-LC though there was no report of AE-ILD induced by ICIs. However, compared with TKIs-related pneumonia, CIPs have a higher response rate to corticosteroid therapy and a lower mortality rate (Beom et al., 2016; Kato et al., 2017). For inoperable patients with mild IIP receiving nivolumab, a pilot study conducted by Fujimoto et al. (2017, 2019)showed no AE-ILD, while a phase II showed that 2 of 18 patients developed grade 2 pneumonitis, which could be treated using corticosteroid therapy. There was no AE-ILD or CIP observed in our advanced stage LC patients receiving immunotherapy with a median OS of 8.6 months, while 1 of them died of tumor progression within 1 month. This suggests that immunotherapy may be a good choice for these patients, but more clinical studies are needed to confirm it.

For advanced LC with ILD, the most appropriate anti-cancer regimens should bring the fewest AEs rather than the best anti-tumor effect. However, it is still necessary to look for prognostic factors that affect OS. We conducted a prognosis analysis in the advanced anti-cancer cohort and found the IIP was associated with poor prognosis, while anti-angiogenic therapy was an independent protective factor that improves the prognosis of advanced LC with ILD. There was in line with expectations that IIP is a prognostic risk factor of ILD-LC, because IIP, especially IPF, has a worse prognosis compared to CTD-ILD (Lim et al., 2019). Vascular endothelial growth factor (VEGF), a potent stimulator of vascular permeability and angiogenesis, plays an important role in lung diseases, including injury, fibrosis and cancer, as well as AE of IPF (Simler et al., 2004; Weis and Cheresh, 2005; McKeown et al., 2009). Nintedanib, an anti-angiogenic agent targeting VEGF, has been proven to have anti-cancer and anti-pulmonary fibrosis effects and reduce AE-ILD in patients with IPF (Reck et al., 2014; Richeldi et al., 2014; Hilberg et al., 2018; Fabre and Nicholson, 2020). Besides, nintedanib and bevacizumab have been shown to reduce the risk of chemotherapy-related AE-ILD in patients with lung cancer (Shimizu et al., 2014; Enomoto et al., 2015; Hamada et al., 2019). Anlotinib, a new anti-angiogenesis agent approved globally in 2018, has been proven attenuating bleomycin-induced pulmonary fibrosis in mice via the TGF-β1 signaling pathway (Ruan et al., 2020). Recombinant human endostatin and apatinib have not been evaluated to reduce AE in patients with ILD. In our study, anti-angiogenic agents mentioned above were included in the analysis. Although we failed to confirm whether anti-angiogenesis can reduce the acute exacerbation of ILD, we found that patients with advanced-stage LC receiving systematic therapy benefited from anti-angiogenic therapy. The possible reasons for anti-angiogenic therapy as an independent protective factor are as follows: 1. exerting the anti-tumor effect directly; 2. reducing AE-ILD and enabling patients to receive more anti-tumor treatments. Therefore, anti-angiogenic agents may be a good choice for patients with ILD-LC.

ILD-LC is a rare disease with poor prognosis, which is a part of severe lung cancer (Xie et al., 2019). These patients often face challenges in anti-cancer treatment because of poor PS scores or lung function caused by the progression of ILD. Furthermore, they may fail to receive anti-cancer treatment due to the slow progression or treatment-related AE-ILD. However, our research shows that patients with ILD-LC benefit from anti-cancer treatment. Our research shows that patients with ILD-LC benefit from anti-cancer treatment. In particular, these patients can live longer after using anti-angiogenic drugs, which suggests that anti-angiogenic therapy may be an important part of ILD-LC anti-cancer therapy.

Several limitations need to be noted regarding this real-world study. First, this is a retrospective study conducted over a long time. This study failed to reflect the current treatment status of ILD-LC due to the anti-cancer therapy of lung cancer has undergone great changes. Second, the lack of acute exacerbation and lung function data in most patients makes it impossible for us to analyze the toxicity and true efficacy of anti-cancer treatments. Our interpretation of survival data is inadequate. Third, the present study involves a variety of anti-angiogenic drugs and cannot be analyzed separately due to the limited sample size. Further investigations and larger patient groups are needed to confirm the protective effect of anti-angiogenic agents in patients with ILD-LC treated with anti-cancer therapy.



CONCLUSION

Patients with ILD-LC have very poor prognosis. Appropriate anti-tumor treatment can prolong the survival time of patients who can tolerate it. Targeted therapy and immunotherapy are alternative treatments for LC patients with mild ILD. For ILD patients with advanced LC, anti-angiogenic regimens significantly improve their prognosis.
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