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Abstract

Background: The safety and efficacy of chemotherapy for relapsed small cell lung cancer (SCLC) with interstitial
lung disease (ILD) is uncertain. ILD is a risk factor for acute exacerbation (AE)-ILD.

Methods: From January 2009 to December 2017, we retrospectively analyzed relapsed SCLC patients with
ILD who received chemotherapy at Nagoya Medical Center. ILD was diagnosed from the clinical features and high-
resolution computed tomography (HRCT). The objectives were to evaluate the incidence of AE-ILD for relapsed
SCLC with each agent and overall survival (OS) of the patients from second-line chemotherapy.

Results: In total, 16 relapsed SCLC patients with ILD were treated. In the process of receiving chemotherapy,
six patients (regimens: amrubicin/topotecan 5/1, usual interstitial pneumonia (UIP) pattern/non-UIP pattern 4/2)
developed AE-ILD. None of the patients administered paclitaxel (PTX) or nanoparticle albumin bound paclitaxel
(nab-PTX) developed AE-ILD. The incidence of AE-ILD treated with amrubicin was 45.5% (5/11). Median overall
survival of the patients with and without AE from the start of second-line chemotherapy was 131 days and 165 days,
respectively; the difference between the two groups was not statistically significant (p=0.324).

Conclusions: Our results indicated that amrubicin may have a higher risk of AE-ILD. However, PTX regimens

could be a safe option for relapsed SCLC with ILD.

Keywords: Small cell lung cancer; Interstitial lung disease; Acute
exacerbation; Amrubicin

Introduction

Lung cancer is the leading cause of cancer deaths worldwide. Small
cell lung cancer (SCLC) accounts for 15% to 20% of lung cancer [1].
SCLC is characterized by a high rate of invasion and rapid cellular
proliferation. SCLC also shows high sensitivity to chemotherapy
and radiotherapy; however, the response duration is relatively short.
The standard chemotherapy regimen for SCLC patients is combined
platinum agents and etoposide or platinum agents plus irinotecan,
which is the most frequently used combination and yields a median
survival period of approximately 9-12 months in clinical trials [2,3].

Interstitial lung disease (ILD) is characterized by damage to the
lung parenchyma by inflammation and fibrosis. Preexisting ILD is a
risk factor for acute exacerbation (AE) for chemotherapy-related ILD
(AE-ILD). AE-ILD may bring on a fatal state. Whether chemotherapy
is feasible for patients with SCLC with ILD remains unclear because
patients with ILD have been excluded from most prospective clinical
trials. In clinical practice, patients with SCLC with ILD have been
carefully treated with cytotoxic chemotherapy.

Patients with advanced SCLC with ILD treated with etoposide and
platinum agent combination chemotherapy gain benefits, with safety
equivalent to what is seen in patients without ILD [4]. For second-
line chemotherapy, nogitecan (NGT) or paclitaxel (PTX) is effective
for treating patients with relapsed SCLC with ILD [5,6]. However, the
safety and efficacy of chemotherapy for patients with relapsed SCLC
with ILD has not been elucidated, while a previous study showed that
computed tomography (CT) findings were associated with AE-ILD [7].

We conducted a retrospective study to evaluate the safety and
efficacy of chemotherapy for treating patients with relapsed SCLC with
ILD. Additionally, we retrospectively analyzed pretreatment CT and
investigated the clinical course of patients with relapsed SCLC with
ILD.

Patients and Methods

The medical records of patients with SCLC with ILD treated with
cytotoxic chemotherapy at Nagoya Medical Center between January
2009 and December 2017 were retrospectively reviewed. The primary
endpoint of this study was to evaluate the incidence of AE-ILD for
relapsed SCLC with ILD with each agent. Secondary endpoint was to
evaluate the overall survival (OS) of the patients with SCLC with ILD
who received second-line chemotherapy; in short, to find an optimal
drug and whether the patients obtained survival benefit.

The clinical characteristics, treatment outcomes and survival of
these patients were analyzed using data obtained from their medical
records. ILD was diagnosed from the patients’ medical histories,
physical examinations and radiological abnormalities that were
consistent with the characteristics of bilateral lung fibrosis, such as
ground-glass opacity and consolidation, with or without reticular
shadow. In patients with ILD, usual interstitial pneumonia (UIP) and
other types of pneumonia were diagnosed based on CT features defined
by the International Consensus Statement of the European Respiratory
Society [8]. We excluded patients with apparent pulmonary infection,
pulmonary embolism, or heart failure.

Chemotherapy-sensitive relapse was defined as relapse at an
interval of >90 days after completion of first-line chemotherapy and
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refractory relapse was defined as no response to first-line chemotherapy
or relapse within 90 days of completion of the first-line chemotherapy [9].

All responses were defined according to the Response Evaluation
Criteria in Solid Tumors version 1.1 criteria. OS was measured from
the start of second-line treatment until death. OS was determined using
the Kaplan-Meier method. Statistical analyses were performed using a
statistical software program (PASW Statistics 18; SPSS Inc., Chicago,
IL). Results were considered statistically significant when the p value
was less than or equal to 0.05.

The Institutional Ethics Review Board of Nagoya Medical Center
approved the study protocol and the research was conducted in
accordance with the principles of the World Medical Association
Declaration of Helsinki; patients were informed that they could
withdraw consent at any time during treatment.

Results

A total of 266 consecutive patients were diagnosed with SCLC at
our institution. Twenty-one of these patients had ILD and 16 received
second-line chemotherapy.

Patient characteristics

Patient clinical characteristics are summarized in Table 1. All
patients were Japanese; 13 were men (81%) and 3 were women (19%)
with a median age of 70 years (range= 61-82 years). Of the 16 analyzed
patients, eight (50%) had limited disease (LD) and eight (50%) showed
extended disease (ED). All patients were current or former smokers. Of
these, seven patients (44%) were identified with a UIP pattern, and nine
(56%) had a non-UIP pattern. Four patients had sensitive relapses, and
12 refractory relapses. 11 patients received carboplatin (CBDCA) plus
etoposide (ETP) and five patients received cisplatin (CDDP) plus ETP.

Incidence of AE-ILD and treatment outcome

Of the 16 patients with SCLC with ILD, six (38%) developed AE-
ILD. Table 2 summarizes the treatment outcomes of chemotherapy
for relapsed SCLC with ILD. Eleven patients received amrubicin
(AMR), six received paclitaxel (PTX), two received nanoparticle
albumin-bound PTX (nab-PTX), three received Topotecan (TOP), and
two received platinum agents plus ETP (re-challenge). AE-ILD was
observed in 46% (5/11) and 33% (1/3) of patients treated with AMR

Sex

Men/Women 13/3
Age, years

Median (range) 70 (61-82)
Stage

LD/ED 8/8
ECOG performance status

0/1/2 5/7/4
Smoking status

Current/Former/Never 7/9/0
ILD pattern

UIP/non-UIP 7/9
Relapse type

Sensitive/Refractory 4/12
1st line chemotherapy

CBDCA+ETP/CDDP+ETP 11/5

Table 1: Patients’ Characteristics (n=16). The study included 16 patients. ECOG:
Eastern Cooperative Oncology Group; LD: Limited Disease, ED: Extended
Disease, ILD: Interstitial Lung Disease, UIP: Usual Interstitial Pneumonia, CBDCA:
Carboplatin, CDDP: Cisplatin, ETP: Etoposide.

and TOP, respectively. The patients with AE-ILD are summarized in
Table 2. Two of six patients had UIP patterns (33%). Treatment for
AE-ILD was administered to one patient. The other patients improved
with corticosteroid therapy. The median OS from the day second-
line chemotherapy started was 131 days [95% confidence interval
(CI): 67-195 days] and 165 days [95% CI: 63-267 days] for patients
with and without AE-ILD, respectively (Figure 1). No statistically
significant difference in OS was observed between the AE-ILD and
non-AE-ILD groups (p=0.324). Moreover, one patient was excluded
from the Kaplan-Meier curve because AE-ILD developed after third-
line chemotherapy (Table 3, patient 3). The disease control rates of
each chemotherapeutic regimen were 27%, 17%, 50%, 33% and 100%,
respectively, as described in Table 4.

Toxicity without AE-ILD

Ofthe 11 patientstreated with AMR after second-line chemotherapy,
grade 4 leukocytopenia and grade 4 neutropenia occurred in 36% and
36%, respectively (Table 4). Toxicity of patients with PTX or nab-PTX
is shown in Table 5. No patients had AE-ILD. Additionally, no grade
4 adverse events including hematotoxicity showed among the patients
who received PTX or nab-PTX.

Regimen N AE-ILD (%) DCR (%)
AMR 11 5/11 (46) 27
PTX 6 0 17

Nab-PTX 2 0 50
TPO 3 1/3 (33) 33
Platinam+ETP 2 0 100

Table 2: Treatment outcome of chemotherapy in patients with relapsed SCLC.
AE-ILD: Acute Exacerbation-Interstitial Lung Disease; DCR: Disease Control
Rate; CR: Complete Responce; PR; Partial Response; SD: Stable Disease; AMR:
Amrubicin; PTX: Paclitaxel; nab-PTX: Nanoparticle Albumin-Bound PTX; TOP:
Topotecan; ETP: Etoposide.
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Figure 1: Kaplan-Meier estimated overall survival in patients with relapsed

SCLC. Blue line: (patients with AE-ILD) median OS 131days. Green line:
(patients without AE-ILD) median OS 165 days.
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Patient Age/Sex PS Regimen ILD pattern Stage Relapse type Line Grade

1 76/F 1 AMR UIP LD Sensitive 2 5

2 63/M 0 AMR Non UIP ED Refractory 2 2

3 T4/F 1 AMR Non UIP LD Refractory 2 2

4 78/M 2 TPO uiP ED Refractory 3 3

5 78/M 0 AMR Non UIP LD Refractory 2 2

6 62/M 0 AMR Non UIP ED Refractory 2 3

Table 3: Summary of patients who developed AE-ILD.
Event Gr1 Gr2 Gr3 Grd Gr5 All Grades
Leukocytopenia 1 1 2 4 0 8
Neutropenia 0 1 2 4 0 7
Thrombocytopenia 0 2 2 0 0 4
Anemia 1 2 1 0 0 4
Febrile neutropenia 0 0 1 1
Neurotoxicity 0 0 0 0 0 0
Pneumonitis 0 3 1 0 1 5
The study included 11 patients.
Table 4: Treatment-related adverse events of AMR.
Event Gr1 Gr2 Gr3 Gr4 Gr5 All Grades
Leukocytopenia 1 1 1 0 0 3
Neutropenia 0 1 1 0 0 2
Thrombocytopenia 0 1 0 0 0 1
Anemia 2 0 0 0 0 2
Febrile neutropenia 1 0 0 1
Neurotoxicity 0 1 0 0 2
Pneumonitis 0 0 0 0 0
The study included 8 patients.
Table 5: Treatment-related adverse events of PTX and nab-PTX.

Regimen N AE-ILD (%) Grade5 (%) DCR (%)
CBDCA+PTX (10) 17 0 0 58.8
AMR (12) 12 4(33.3) 1(25) N.D
PTX (5) 10 2 (20) N.D 40.0
NGT (17) 23 5(21.7) 3 (60) N.D
AMR (our study) 11 5(45.4) 1(20) 27.2
PTX (our study) 8 0 0 25.0
N.D: Not Described; CBDCA: Carboplatin.

Table 6: Comparison with previous studies.

Discussion

Drug-induced AE-ILD, a potentially fatal adverse effect, may occur
in relapsed SCLC patients with ILD who undergo chemotherapy. The
optimal chemotherapy for such patients remains controversial [5,6,10].

In the present study, the total incidence of AE-ILD was 38% (6/16).
We found a relatively high incidence of ILD in SCLC patients with
AMR, a promising agent for treating SCLC. Most patients with relapsed
SCLC were treated with standard chemotherapy [11]. Previous studies
already reported that AMR had a higher rate (33%) of AE-ILD in SCLC
patients with ILD [12]. However, CT image evaluation, whether with
a UIP pattern or non-UIP pattern was not described in this report.
Kenmotsu et al. reported that AE-ILD was significantly more common
in patients with lung cancer with a UIP pattern [7]. A recent study
demonstrated the safety of nivolumab, the drug considered to have a
high incidence of AE-ILD, for patients with lung cancer with a non-
UIP pattern ILD [12,13].

In this study, as previously reported, AE-ILD was found in
46% (5/11) of relapsed SCLC patients with ILD, while interstitial

pneumonitis due to chemotherapy occurred in 4.5% (3/67) of relapsed
SCLC patients without ILD. The difference between the two groups was
statistically significant (p<0.001). Our study showed that patients with
a non-UIP pattern on CT who were administered AMR developed AE-
ILD more often than those with the UIP pattern (Table 3). Our finding
could indicate that the risk of AE-ILD with AMR did not depend on
the CT image findings.

To the best of our knowledge, the present study is the first to report
the incidence of AE-ILD in patients with relapsed SCLC who received
AMR with HRCT pattern.

This may indicate that SCLC patients with ILD treated with AMR
have a higher rate of AE-ILD even if they have a non-UIP pattern.
Additionally, severe adverse events (grade 4/5), such as bone marrow
suppression, were observed in the AMR group (Table 4).

The phase III trial demonstrated that the median survival with best
supportive care was 13.9 weeks [14]. In this retrospective study, OS
with AE-ILD was 131 days (18.7 weeks), and without AE-ILD was 165
days (23.6 weeks; Figure 1). These results indicate that patients with
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relapsed SCLC with ILD could obtain survival benefits. We need to
evaluate this with a larger study size because the present study had a
small sample size drawn from a single institution.

Although the difference between the two groups was not
statistically significant in the present study, grade 5 AE-ILD occurred
in one patient. AE-ILD may bring on a fatal state. Which agents are
safe and effective for treating patients with relapsed SCLC with ILD
is unclear. However, a previous study demonstrated that PTX or nab-
PTX plus CBDCA was effective and feasible for treating non-small cell
lung cancer (NSCLC) [15,16]. Additionally, the efficacy of PTX for
previously treated SCLC patients was assessed in a phase II study [17].
In the present study, the efficacy of PTX or nab-PTX monotherapy for
relapsed SCLC was demonstrated by disease control rates (DCR) of
17% and 50%, respectively [15,16]. Even though the efficacy of PTX or
nab-PTX monotherapy was poor compared with previous studies, AE-
ILD was not observed in this study (Table 2). Additionally, the toxicity
included AE-ILD of PTX or nab-PTX, showed as summarized in Table
5. Grade 4/5 adverse events did not occur in this group. PTX or nab-
PTX monotherapy was relatively safe in our study.

Use of PTX either as a monotherapy or in combination with
CBDCA has been demonstrated for SCLC patients without ILD [17-
19]. The studies that specifically focused on SCLC patients with ILD are
listed in Table 6. In these studies, chemotherapy containing PTX was
reported to be a relatively safe and effective option for SCLC patients
with ILD [5,10]. This shows the important role that PTX may play, not
only in NSCLC with ILD, but also in SCLC with ILD.

Nab-PTX is an albumin-bound, 130-nm particle form of PTX that
exhibits a higher activity and lower toxicity than solvent-based PTX
(sb-PTX). A phase III study found that administering nab-PTX in
combination with CBDCA achieved a higher response rate compared
with CBDCA plus PTX (33% vs. 25%, respectively) (20). Moreover,
nab-PTX may replace the conventional treatment with PTX as it is
more effective for treating patients with NSCLC. Additionally, a recent
multicenter prospective study demonstrated that nab-PTX is safe for
patients with NSCLC with ILD [20,21]. Therefore, we often administer
nab-PTX to SCLC patients with ILD.

A recent study demonstrated that re-challenge chemotherapy
could be effective for relapsed SCLC patients with ILD [22]. Two
patients were administered re-challenge chemotherapy, CBDCA plus
ETP as a second-line chemotherapy (Table 2). Although evaluation is
difficult because of the low patient number, re-challenge chemotherapy
for relapsed SCLC with ILD may be feasible for patients with sensitive
relapse.

SCLC is the most aggressive type of lung cancer and survival
following relapse from first-line treatment is generally poor [1].
Topotecan monotherapy was effective for relapsed SCLC without ILD
[13]. Enomoto et al. reported its efficacy and safety for relapsed SCLC
with ILD [23]. However, because 33% (1/3) of patients with topotecan
monotherapy developed AE-ILD, we could not demonstrate the safety
of this drug.

Our findings have several limitations. First, the present study
is limited by the small number of patients involved and by the
retrospective nature of the study. As described above, chemotherapy
for SCLC patients with ILD is associated with a higher risk of AE-
ILD. Thus, several of the previous studies we investigated on relapsed
SCLC patients with ILD were also small. The safety and efficacy
of chemotherapy must be confirmed in a prospective randomized
large-scale study. Second, none of the patients had undergone lung

biopsies and no autopsies were performed. AE-ILD resulting from
chemotherapy could not be confirmed histogenetically.

Conclusion

Relapsed SCLC patients with ILD with AMR had a higher risk
of developing AE-ILD even for patients with a non-UIP pattern.
Chemotherapy containing PTX or nab-PTX for relapsed SCLC patients
with ILD may be safe for relapsed SCLC with ILD.
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