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Clinical impact of amrubicin monotherapy in patients with 
relapsed small cell lung cancer: a multicenter retrospective study
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Background: Topoisomerase is an essential enzyme for deoxyribonucleic acid replication, and its inhibitors 
suppress tumor progression. Amrubicin, a topoisomerase II inhibitor, is mainly used in the second-line 
treatment of patients with extensive-stage small cell lung cancer (ES-SCLC). However, the impact of 
different types of topoisomerase inhibitors for first-line chemotherapy on the efficacy of amrubicin remains 
unclear. In the present study, we aimed to evaluate the efficacy of second-line amrubicin in patients with 
relapsed SCLC who were previously treated with platinum-based chemotherapy, including topoisomerase I 
and II inhibitors.
Methods: This study retrospectively analyzed patients with ES-SCLC who experienced recurrence and 
were treated with amrubicin at 22 institutions in Japan between April 2015 and November 2020. The 
progression-free survival of amrubicin monotherapy was investigated using the Kaplan-Meier method.
Results: A total of 320 patients were enrolled in this study, with 59 (18%) receiving platinum plus 
topoisomerase I inhibitor irinotecan and 261 (82%) receiving platinum plus topoisomerase II inhibitor 
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Introduction

Lung cancer is the leading cause of cancer-related deaths 
worldwide (1). Small cell lung cancer (SCLC) accounts for 
approximately 15% of all lung cancers and is characterized 
by a rapid doubling time, a high growth fraction, and the 
early development of widespread metastases (2,3). Nearly 
70% of patients with SCLC are diagnosed with extensive-
stage SCLC (ES-SCLC), and systemic platinum-based 
chemotherapy has been the standard treatment for ES-
SCLC for decades (4). Although first-line chemotherapy 
frequently results in high response rates, almost all patients 
with ES-SCLC experience early disease progression or 
recurrence, with less than 5% surviving for 2 years (4,5). 
Therefore, novel, effective treatments for ES-SCLC are 
warranted in daily clinical settings.

Recent trials have demonstrated that treatment with 
immune checkpoint inhibitors has greatly improved the 
prognosis of patients with non-SCLC (6-10). However, a 
phase 2 study of maintenance pembrolizumab and a phase 
3 study of ipilimumab plus platinum-based chemotherapy 
did not show improved efficacy in the first-line treatment 
of ES-SCLC (5,11). In several recent phase 3 trials, the 
addition of immunotherapy to platinum and etoposide 
has resulted in significantly longer overall survival (OS) 
and progression-free survival (PFS) than chemotherapy 
alone (12,13). The main cytotoxic agents used for SCLC 
treatment are platinum plus topoisomerase inhibitors (e.g., 
etoposide, amrubicin, and irinotecan) (3,14).

Topoisomerase is an essential enzyme for DNA 
r e p l i c a t i o n ,  a n d  i t s  i n h i b i t o r s  s u p p r e s s  t u m o r  
progression (15). Amrubicin is one of the second-line 
treatments for SCLC because it improved OS in patients 
with refractory disease in a phase 3 trial (16). Amrubicin 
and etoposide are type II topoisomerase inhibitors, and 
irinotecan is a type I topoisomerase inhibitor (15,17). 
However, it is unclear whether differences between their 

mechanisms of action affect the clinical outcomes of second-
line amrubicin for relapsed ES-SCLC. Moreover, the 
impact of first-line immunochemotherapy on the efficacy 
of amrubicin monotherapy has not yet been elucidated. 
The present study aimed to evaluate the efficacy of second-
line amrubicin in patients with relapsed SCLC who were 
previously treated with platinum-based chemotherapy, 
including topoisomerase I and II inhibitors. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-22-160/rc).

Methods

Patients

This study retrospectively assessed 320 patients with ES-
SCLC who were refractory to first-line treatment with 
platinum-based chemotherapy or immunochemotherapy 
and received amrubicin monotherapy as second-line 
treatment at 22 institutions in Japan between April 2015 
and November 2020. Eligible patients were aged >20 years,  
with histologically or cytologically confirmed SCLC 
and evaluable target lesions according to the Response 
Evaluation Criteria in Solid Tumors version 1.1. The 
following clinical data were extracted from retrospective 
medical records: age, sex, Eastern Cooperative Oncology 
Group Performance Status (ECOG PS), history of first-line 
treatment, overall response rate (ORR) following amrubicin 
monotherapy, Common Terminology Criteria for Adverse 
Events (CTCAE) version 5.0, the PFS following amrubicin 
monotherapy, and the PFS of the first-line treatment. 
The relapse-free interval of the first-line treatment was 
also extracted and classified into sensitive or refractory 
relapse based on whether the period exceeded 90 days. OS 
was defined as the time from the first administration of 
platinum-based chemotherapy until any cause of death. The 

etoposide as first-line treatment. The progression-free survival of amrubicin was significantly longer in the 
irinotecan group than in the etoposide group (3.2 vs. 2.5 months; P=0.034). 
Conclusions: These results showed that different types of topoisomerase inhibitors could affect the 
efficacy of amrubicin monotherapy in the second-line treatment of patients with relapsed ES-SCLC.
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study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013) and was approved by the 
Ethics Committees of the Kyoto Prefectural University of 
Medicine (No. ERB-C-1927-3) and all hospitals involved. 
However, the requirement for informed consent was waived 
because this was a retrospective study, and the official 
website was used as an opt-out method, which was approved 
by the Ethics Committee of each hospital.

Matching

Rigorous adjustment for significant differences in the 
baseline characteristics of patients with propensity score 
matching was performed using the following variables: age, 
sex, ECOG PS at first-line treatment initiation, and ECOG 
PS at amrubicin initiation. Nearest-neighbor matching 
was performed at a ratio of 1:1 without replacement. The 
caliper was set at 0.2.

Statistical analysis

PFS was analyzed using the Kaplan-Meier method and 
compared using the Peto-Peto-Wilcoxon test. PFS of 
amrubicin was defined as the time from the initiation 
of amrubicin to disease progression or death from any 
cause, while PFS of the first-line treatment was defined as 
the time from the initiation of the first-line treatment to 
disease progression. The data cut-off date was November 
25, 2020. Variables related to PFS reported in previous 
studies and the most relevant factors identified in the results 
of univariable analyses were included in a multivariate 
Cox proportional hazards model. Hazard ratios estimated 
from the Cox analysis were reported with 95% confidence 

intervals (CIs). The pairwise deletion was used for missing 
data in some cases. All statistical analyses were performed 
using EZR version 1.54 (Saitama Medical Center, Jichi 
Medical University, Saitama, Japan). P<0.05 was considered 
statistically significant.

Results

Patient characteristics

This study enrolled 320 patients with ES-SCLC who 
received amrubicin monotherapy as a second-line treatment 
(Figure 1). Among these, 59 (18%) patients received platinum 
plus irinotecan (irinotecan group), and the remaining 261 
(82%) received platinum plus etoposide (etoposide group) as 
the first-line treatment. In the etoposide group, 23 patients 
received immunochemotherapy, including atezolizumab. 
The patient characteristics are shown in Table 1. Patients in 
the irinotecan group were significantly younger than those in 
the etoposide group (median: 67.0 vs. 71.0 years, P<0.001). 
The baseline PS was better in the irinotecan group than in 
the etoposide group, but there was no significant difference 
in PS at amrubicin initiation between the two groups.

Clinical predictive factors related to the PFS following 
amrubicin monotherapy in the second-line setting

The ORR following amrubicin monotherapy was not 
significantly different between the irinotecan and etoposide 
groups (P=0.16; Table 2). The median PFS with amrubicin 
monotherapy was 2.6 months in all patients with ES-SCLC 
(Figure 2A). The PFS was longer in the irinotecan group 
than in the etoposide group (median: 3.2 vs. 2.5 months,  

349 patients were screened for eligibility

320 were included in the analysis

29 did not meet the eligibility criteria
and were excluded

59 received platinum and irinotecan
as first-line treatment

261 received platinum and etoposide as first-
line treatment

23 received additional atezolizumab therapy

Figure 1 Consort diagram for this study. 
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Table 1 Clinicopathological features by regimens of first-line treatment

Variables Platinum plus etoposide, n=261 Platinum plus irinotecan, n=59 P value

Median age, years (range) 71.0 (47.0–91.0) 67.0 (50.0–83.0) <0.001

Age categorization, n (%) <0.001

<75 174 (66.7) 55 (93.2)

≥75 87 (33.3) 4 (6.8)

Sex, n (%) 0.18

Male 200 (76.6) 40 (67.8)

Female 61 (23.4) 19 (32.2)

ECOG PS =0, 1, n (%)

At first-line initiation 220 (84.3) 56 (94.9) 0.05

At AMR initiation 212 (81.2) 51 (86.4) 0.31

Combined use of atezolizumab, n (%) 23 (8.8) 0 (0.0) –

ECOG PS, Eastern Cooperative Oncology Group performance status; AMR, amrubicin. 

Table 2 Overall response rate for AMR treatment by first-line treatment regimens

Overall response rate for AMR treatment Platinum plus etoposide, n=261 Platinum plus irinotecan, n=59 P value

Complete response, n (%) 2 (0.8) 1 (1.7) 0.161

Partial response, n (%) 51 (19.5) 17 (28.8)

Stable disease, n (%) 86 (33.0) 23 (39.0)

Progressive disease, n (%) 72 (27.6) 11 (18.6)

Not evaluable, n (%) 50 (19.2) 7 (11.9)

AMR, amrubicin.

P=0.034; Figure 2B). A propensity score matching analysis 
was performed to compare the topoisomerase inhibitors 
in the first-line treatment to minimize the impact of 
treatment allocation bias, as described in section 2.2. 
Clinicopathological features by regimens of first-line 
treatment after matching are shown in Table 3. A significant 
difference in the PFS following amrubicin monotherapy 
was observed between the irinotecan and etoposide groups 
in the propensity score matching analysis (median: 3.4 vs.  
2.1 months, P=0.03; Figure 3).

In the univariate analysis, the PFS with amrubicin 
monotherapy was significantly longer in patients with good 
PS at amrubicin initiation [0, 1] than in those with poor PS 
[2, 3] [2.8 months (95% CI: 2.6–3.4 months) vs. 1.4 months  
(95% CI: 0.93–1.8 months), P<0.001; Table 4]. Thus, 
the multivariate analysis demonstrated that platinum 
plus etoposide at the first-line treatment and poor PS at 

amrubicin initiation were independent prognostic factors for 
prolonged PFS following amrubicin monotherapy (Table 5).  
In this study, PFS with amrubicin was evaluated in the 
aging of patients ≥70 and those ≥75 years. The results of 
≥70 years old patients were similar to those of ≥75 years, 
compared with the younger patients (Figure S1).

Correlation between the PFS times following first-line 
treatment and amrubicin monotherapy in the second-line 
setting

The impact of first-line treatment on the clinical outcomes 
of amrubicin monotherapy in a second-line setting 
was evaluated. The irinotecan and etoposide groups 
were classified into two groups based on the median 
PFS following first-line treatment. The PFS following 
amrubicin monotherapy was significantly longer in the PFS  

https://cdn.amegroups.cn/static/public/TLCR-22-160-supplementary.pdf
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Table 3 Clinicopathological features by first-line treatment regimens after matching

Variables Platinum plus etoposide, n=57 Platinum plus irinotecan, n=57 P value

Median age, years (range) 68.0 (53.0–80.0) 67.0 (50.0–83.0) 0.025

Age categorization, years, n (%) 1

<75 53 (93.0) 53 (93.0) 

≥75 4 (7.0) 4 (7.0) 

Sex 1

Male 38 (66.7) 38 (66.7)

Female 19 (33.3) 19 (33.3)

ECOG PS =0, 1, n (%)

At first-line treatment initiation 54 (94.7) 54 (94.7) 1

At AMR initiation 51 (89.5) 51 (89.5) 1

ECOG PS, Eastern Cooperative Oncology Group performance status; AMR, amrubicin. 
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Figure 2 Kaplan-Meier curve for PFS following AMR monotherapy in all patients. (A) The median PFS following AMR in all patients was 
2.6 months. (B) The median PFS following AMR was significantly longer in the platinum plus irinotecan group than in the platinum plus 
etoposide group (3.2 vs. 2.5 months, P=0.034). PFS, progression-free survival; CI, confidence interval; AMR, amrubicin. 

≥4.8 months group than in the PFS <4.8 months group 
(3.4 vs. 1.6 months, Peto-Peto-Wilcoxon test, P<0.001) 
in the etoposide group (Figure 4A). In contrast, there was 
no significant difference in the PFS following amrubicin 
monotherapy between the PFS ≥4.9 months group and the 
PFS <4.9 months group (2.9 vs. 3.5 months, Peto-Peto-
Wilcoxon test, P=0.373) in the irinotecan group (Figure 4B). 
The subgroup analyses based on various clinicopathological 
factors are shown in Figure 5. Compared with chemotherapy 
with platinum and etoposide, the additional use of 
atezolizumab in the first-line treatment had no significant 
effect on the PFS following amrubicin monotherapy  

(Figure S2).

Correlation between the efficacies following first-line 
treatment and amrubicin monotherapy

The impact of the recurrence on the clinical outcomes of 
amrubicin monotherapy was evaluated by classifying both 
the irinotecan and etoposide groups into two groups based 
on the period from the last administration of the first-line 
treatment to recurrence. The PFS following amrubicin 
monotherapy was significantly longer in sensitive-relapsed 
patients than in refractory-relapsed patients (4.1 vs. 

https://cdn.amegroups.cn/static/public/TLCR-22-160-supplementary.pdf
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1.8 months, Peto-Peto-Wilcoxon test, P<0.001) in the 
etoposide group (Figure 6A). In contrast, no significant 
difference in the PFS following amrubicin monotherapy 
between sensitive-relapsed and refractory-relapsed patients 
(4.3 vs. 3.0 months, Peto-Peto-Wilcoxon test, P=0.19) in 
the irinotecan group (Figure 6B).

OS analysis

At the date of data cut-off, the median follow-up was  
13.6 months. No significant differences were observed 
between the OS of the irinotecan and etoposide groups (14.0 
vs. 13.6 months, Peto-Peto-Wilcoxon test, P=0.35) (Figure 7).

Safety

Fifty patients in the irinotecan group and 241 in the 
etoposide group were evaluated for the safety of amrubicin 
monotherapy. Grade ≥3 CTCAEs were observed in 78% 
and 64.3% of patients in the irinotecan and etoposide 
groups, respectively (P=0.07). Grade ≥3 neutropenia was 
more frequently reported in the irinotecan group than in 
the etoposide group (78% vs. 57.9%, P=0.01). However, 
the incidence of febrile neutropenia was not of significance 
(P=1). Grade ≥3 pneumonitis were observed in both groups 
(4% vs. 7%, P=0.75). Discontinuation due to adverse events 
caused by pneumonitis and neutropenia occurred in both 
groups (10.5% vs. 13%, P=0.82) and treatment-related 
deaths were observed in 6 patients (2.5%) of the etoposide 
group (Table S1). 

Discussion

The standard first-line treatment for ES-SCLC was 
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Figure 3 Kaplan-Meier curve for PFS fol lowing AMR 
monotherapy, classified by the first-line treatment regimen. 
Propensity score matching analysis was performed to minimize the 
impact of treatment allocation bias. The median PFS was longer 
in patients who had previously received platinum plus irinotecan 
therapy than others (3.4 vs. 2.1 months, P=0.03). PFS, progression-
free survival; CI, confidence interval; AMR, amrubicin. 

Table 4 Univariate analysis for PFS

Variables
No. of 

patients
Median PFS 

(95% CI)
P value

Age categorization, years 0.210

<75 229 2.6 (2.3–2.9)

≥75 91 2.6 (1.7–3.2)

Sex 0.647

Male 240 2.7 (2.3–3.1)

Female 80 2.5 (1.8–2.8)

ECOG PS at first-line treatment initiation 0.030

0, 1 276 2.7 (2.4–3.0)

2, 3 42 1.8 (1.2–2.7)

ECOG PS at AMR initiation <0.001

0, 1 263 2.8 (2.6–3.4)

2, 3 48 1.4 (0.93–1.8)

First-line regimen 0.030

Platinum plus etoposide 261 2.6 (1.9–2.8)

Platinum plus irinotecan 59 3.2 (2.6–3.8)

PFS, progression-free survival; CI, confidence interval; ECOG 
PS, Eastern Cooperative Oncology Group performance status; 
AMR, amrubicin.

Table 5 Multivariate analysis for PFS

Variables HR (95% CI) P value

Age ≥75 years 1.15 (0.78–1.68) 0.490

Female 1.01 (0.75–1.35) 0.960

Poor ECOG PS at first-line initiation 1.04 (0.71–1.53) 0.840

Poor ECOG PS at AMR initiation 1.79 (1.26–2.54) 0.001

Use of platinum plus etoposide at the 
first-line treatment

1.41 (1.00–1.98) 0.048

PFS, progression-free survival; HR, hazard ratio; CI, confidence 
interval; ECOG PS, Eastern Cooperative Oncology Group 
performance status; AMR, amrubicin.

https://cdn.amegroups.cn/static/public/TLCR-22-160-supplementary.pdf
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platinum-based chemotherapy until immunochemotherapy 
was approved for clinical use (3,4). A previous clinical 
phase 3 trial showed that chemotherapy with cisplatin plus 
irinotecan resulted in a significantly longer OS than that 
with cisplatin plus etoposide (12.8 vs. 9.4 months) (18);  
however, other phase 3 trials failed to confirm this 
observation (19,20). Thus, based on several clinical trials for 

untreated patients with ES-SCLC, two cytotoxic combined 
regimens have existed as double standard therapies for first-
line treatment in patients with ES-SCLC for decades. In 
this study, we focused on the aspects of the drug mechanism 
of action related to the clinical outcomes of amrubicin 
monotherapy in the second-line setting for ES-SCLC. 
Previous preclinical studies have reported that treatment 
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Figure 4 Kaplan-Meier curve for PFS following AMR monotherapy, classified by the response to first-line treatment in (A) the platinum 
plus etoposide group and (B) the platinum plus irinotecan group. (A) The median PFS following AMR was significantly longer in patients 
who showed a better response to platinum plus etoposide therapy (PFS ≥4.8 months group) than in others (PFS <4.8 months group) (3.4 
vs. 1.6 months, P<0.001). (B) There was no significant correlation in the median PFS following AMR between patients who showed a good 
response to platinum plus irinotecan therapy and those who showed a poor response (2.9 vs. 3.5 months, P=0.37). PFS, progression-free 
survival; CI, confidence interval; AMR, amrubicin. 

Figure 5 Subgroup analysis of PFS of AMR in (A) the platinum plus etoposide group and (B) the platinum plus irinotecan group. HR, 
hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; PFS, progression-free survival; 
AMR, amrubicin.
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Figure 6 Kaplan-Meier curve for PFS following AMR monotherapy, classified based on whether sensitive or refractory relapse in (A) the 
platinum plus etoposide group and (B) the platinum plus irinotecan group. (A) The median PFS following AMR was significantly longer in 
patients classified as sensitive relapse compared to refractory relapse in the platinum plus etoposide group (4.1 vs. 1.8 months, P<0.001). (B) 
There was no significant correlation in the median PFS following AMR between patients classified as sensitive relapse and refractory relapse 
in the platinum plus irinotecan group (4.3 vs. 3.0 months, P=0.19). PFS, progression-free survival; CI, confidence interval; AMR, amrubicin. 

Figure 7 Kaplan-Meier curve for OS following AMR monotherapy in all patients. (A) The median OS in all patients was 13.6 months. (B) 
There was no significant difference between the median OS of the platinum plus irinotecan group and that of the platinum plus etoposide 
group (14.0 vs. 13.6 months, P=0.35). OS, overall survival; CI, confidence interval; AMR, amrubicin. 

with topoisomerase I inhibitors led to the downregulation 
of topoisomerase I activity and reciprocal enhancement of 
topoisomerase II activity using tumor cell lines, thereby 
resulting in high sensitivity to topoisomerase II inhibitors 
(21-23). Indeed, our current observations in 320 patients 
with ES-SCLC showed that, compared with etoposide 
(topoisomerase II inhibitor) treatment, first-line treatment 
with irinotecan (topoisomerase I inhibitor) was associated 
with prolonged PFS following amrubicin (topoisomerase 
II inhibitor) treatment. Murakami et al. reported that in  

82 patients with chemotherapy-refractory SCLC, the 
efficacy of amrubicin was poorer in patients who were 
previously treated with etoposide, which is consistent with 
the results of our study (24). Interestingly, the PFS following 
amrubicin monotherapy was positively associated with the 
PFS following etoposide-containing chemotherapy in the 
first-line setting. Given that responders to the etoposide-
containing regimen had better outcomes with amrubicin in 
the second-line setting, PFS might be a promising clinical 
factor in selecting responders to second-line amrubicin, 
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although both are topoisomerase II inhibitors.
Recent  c l in ica l  t r i a l s  have  demonstra ted  that 

immunochemotherapy has better patient outcomes than 
chemotherapy when used as first-line treatment for ES-
SCLC (12,13). However, there is limited evidence to 
validate the sequence of first-line treatment and second-
line amrubicin monotherapy for patients with ES-SCLC. 
Current observations showed that not only the sequential 
use of topoisomerase I followed by topoisomerase II 
inhibitors but also the sensitivity-based selection of 
topoisomerase I and II inhibitors could be predicted to 
improve the PFS following amrubicin therapy irrespective 
of its combination with immune checkpoint inhibitors. 
In contrast, chemotherapy of platinum plus irinotecan 
treatment could be a better option for ineligible patients for 
immune checkpoint inhibitors, such as autoimmune diseases 
with a high risk of severe immune-related adverse events. 
Further prospective investigations are needed to confirm 
our observations regarding the relationship between 
immunochemotherapy and second-line treatment. 

There are some limitations to our study. First, this 
was a retrospective study, and the first-line treatments 
differed depending on the institution, although we also 
used propensity score analysis. Second, while the results of 
phase 3 trials on cisplatin plus irinotecan regimens varied by 
country, all patients in this cohort were Japanese. However, 
our findings in real-world settings regarding the selection 
of topoisomerase inhibitors for ES-SCLC treatment are 
notable and could help improve ES-SCLC prognosis. 
Further investigations are required to address these issues.

Conclusions

The observations in this study suggest that patients 
previously treated with the topoisomerase I inhibitor 
irinotecan-containing regimen might have promising 
outcomes with amrubicin monotherapy by switching the 
target for topoisomerase inhibition. Further prospective 
studies are required to clarify the best sequence strategy 
for the first- and second-line treatments for ES-SCLC. 
Our results showed that different types of topoisomerase 
inhibitors could affect the PFS following second-line 
amrubicin monotherapy in patients with ES-SCLC.
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Supplementary

Table S1 AEs of AMR treatment

Items Platinum plus irinotecan (n=50), n (%) Platinum plus etoposide, (n=241), n (%) P value

Grade ≥3 AEs (occurring in ≥5% of patients)

Hematologic

Anemia 0 (0.0) 15 (6.2) 0.08

Febrile neutropenia 3 (6.0) 16 (6.6) 1

Neutropenia 39 (78) 140 (57.9) 0.01

Nonhematologic

Pneumonitis 2 (4.0) 17 (7.0) 0.75

Discontinuation due to AEs 6 (10.5) 32 (13.0) 0.82

Treatment-related deaths 0 (0.0) 6 (2.5) 0.59

AE, adverse event; AMR, amrubicin.

A B

Figure S2 Kaplan-Meier curve for PFS following AMR 
monotherapy in patients treated with or without atezolizumab. 
There was no significant correlation in the median PFS between 
patients treated with and without atezolizumab (84 vs. 72 days, 
P=0.48). PFS, progression-free survival; AMR, amrubicin; CI, 
confidence interval. 

Figure S1 Kaplan-Meier curve for PFS following AMR monotherapy in elderly patients and young patients divided at (A) 70 years old and (B) 
75 years old. There was no significant difference in PFS following AMR. PFS, progression-free survival; AMR, amrubicin. 
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