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Results Between November 2003 and September 2015, 
86 patients (aged ≥70 years) received amrubicin mono-
therapy for relapsed SCLC at four institutions. There 
were 42 cases of sensitive relapse (S) and 44 of refractory 
relapse (R). S cases with median age of 75 years (range 
70–85 years) and R cases with median age of 74 years 
(range 70–84 years) were included in our analysis. The 
median number of treatment cycles was three (range 1–9), 
and the response rate was 33.7% (40.5% in the S and 27.2% 
in the R cases). Median progression-free survival time 
was 4.0 months in the S and 2.7 months in the R patients 
(p = 0.013). Median survival time from the start of amru-
bicin therapy was 7.6 months in the S and 5.5 months in 
the R cases (p = 0.26). The frequencies of grade ≥3 hema-
tological toxicities were as follows: leukopenia, 60.4%; 
neutropenia, 74.4%; anemia, 11.6%; thrombocytopenia, 
16.2%; and febrile neutropenia, 17.4%. Treatment-related 
death was observed in one patient.
Conclusion Although hematological toxicities, particularly 
neutropenia, were severe, amrubicin showed favorable effi-
cacy, not only in the S but also in the R cases, as shown in 
previous studies. Amrubicin could be a preferable standard 
treatment in elderly patients with relapsed SCLC. These 
results warrant further evaluation of amrubicin in elderly 
patients with relapsed SCLC by a prospective trial.

Keywords Small cell lung cancer · Amrubicin · Relapse · 
Sensitive · Refractory · Elderly patients

Introduction

Small cell lung cancer (SCLC) accounts for approximately 
15% of all lung cancer cases and is characterized by an 
aggressive nature and rapid growth [1]. Most patients with 

Abstract 
Purpose Amrubicin is one of the most active chemothera-
peutic drugs for small cell lung cancer (SCLC). Previous 
studies reported its effectiveness and severe hematological 
toxicity. However, the efficacy of amrubicin monotherapy 
in elderly patients with SCLC has not been described. The 
objective of this study was to investigate the feasibility of 
amrubicin monotherapy in elderly patients and its efficacy 
for relapsed SCLC.
Methods A retrospective cohort study design was used. 
We retrospectively evaluated the clinical effects and adverse 
events of amrubicin treatment in elderly (≥70 years) SCLC 
patients with relapsed SCLC.
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SCLC will, despite administration of first-line chemo-
therapy, experience recurrence of their disease, ultimately 
leading to death due to complications caused by extensive 
systemic metastases. The poor outcomes faced by patients 
with relapsed SCLC highlight the urgent need for research 
and development of more effective chemotherapeutic 
agents.

Advanced age is associated with an increased risk of 
lung cancer. The increase in global life expectancy has 
resulted in a corresponding increase in the incidence of 
lung cancer. The elderly population has been dispropor-
tionately affected, with considerable increases in the disease 
incidence in this age group. More than half of lung cancer 
cases are diagnosed in patients older than 65 years, which 
is the lower limit for defining “elderly” in epidemiological 
studies [2]. Approximately, 30–40% of patients with SCLC 
are ≥70 years old at diagnosis [3], and the understand-
ing of how SCLC treatment should be tailored for elderly 
patients is becoming increasingly important. The Japan 
Clinical Oncology Group (JCOG) recommended that car-
boplatin plus etoposide was an active and less toxic regimen 
in elderly patients with SCLC [4]. There are, at present, 
no recommended chemotherapy agents or regimens for 
relapsed SCLC in elderly patients. Further complicating 
the treatment of these patients is their tendency to poorly 
tolerate chemotherapy and the requirement of clinical 
management based on individual parameters such as per-
formance status, extent of metastatic disease, quality of life 
and laboratory data [5–7]. Whether standard chemotherapy 
in elderly patients is always safe for use in clinical practice 
is unclear [8].

Previously treated SCLC patients can be divided into two 
groups: (a) refractory cases, where first-line chemotherapy 
failed, or less than 90 days passed between the end of chem-
otherapy and recurrence of the disease; and (b) sensitive 
cases, where there was a response to first-line chemotherapy 
and relapse after a treatment-free interval of at least 90 days 
[9, 10]. Sensitive cases are more likely to respond to sec-
ond-line chemotherapy than refractory cases. Regardless, 
second-line chemotherapy against SCLC is disappointing 
[11, 12]. Refractory cases present a distinct clinical chal-
lenge, as they rarely respond to second-line, single-agent 
chemotherapy and may only respond to non-cross-resistant 
combination chemotherapy [13]. Despite the chemoresist-
ance demonstrated by refractory SCLC, Murakami et al. 
reported that the anti-tumor activity of amrubicin was prom-
ising, and amrubicin could be considered an effective and 
safe treatment option for refractory SCLC in non-elderly 
patients [14].

Amrubicin and its active metabolite amrubicinol are 
inhibitors of DNA topoisomerase II, which exert cytotoxic 
effects by stabilizing a topoisomerase II-mediated cleavable 
complex, and not by DNA intercalation [15]. Amrubicinol 

was 5–100 times more active than amrubicin [16]. In a 
phase II study of amrubicin using a schedule of 45 mg/
m2 on days 1–3 every 3 weeks in 33 previously untreated 
patients with extensive-stage SCLC, an overall response 
rate of 76% and a complete response (CR) rate of 9% was 
reported. Moreover, median survival time (MST) was 
11.7 months in that single-agent phase II study of amru-
bicin [17]. In a phase II study evaluating the activity of 
amrubicin in relapsed SCLC, the response rate and MST 
were 52% and 11.6 months, and 50% and 10.3 months in 
sensitive and refractory relapse, respectively [18]. The most 
frequent drug-related adverse event is myelosuppression, 
and the incidence of non-hematological toxicities is low 
[18–23].

The toxicity and effect of amrubicin monotherapy in 
elderly patients who have been previously treated for lung 
cancer have not been fully evaluated. We therefore retrospec-
tively assessed the safety and activity of amrubicin among 
elderly patients who had previously been treated for small 
cell lung cancer.

Patients and methods

In this retrospective study, patient records were included if 
the patient was ≥70 years, diagnosed with relapsed SCLC 
and treated with amrubicin monotherapy between Novem-
ber 2003 and September 2015 at one of four Japanese insti-
tutions (Gunma Prefectural Cancer Center, Tochigi Cancer 
Center, Ibaraki Prefectural Central Hospital, and Fukush-
ima Medical University). Histological diagnosis and stag-
ing of SCLC were based on the World Health Organiza-
tion classification and the tumor–node–metastasis staging 
system [24], respectively. Eligibility criteria were histo-
logically or cytologically confirmed SCLC, unresectable 
stage III/IV disease at first-line treatment and treatment 
in the first-line setting with a platinum-based combina-
tion chemotherapy. Before receiving therapy, each patient 
underwent physical examination, chest radiography, thorax 
and abdomen computed tomography, bone scintigraphy or 
18F-fluorodeoxyglucose positron emission tomography, and 
brain computed tomography or magnetic resonance imag-
ing to determine the TNM stage. In this study, patients 
who responded to initial chemotherapy and relapsed 
>3 months after chemotherapy were defined as sensitive 
relapse (S) patients, while patients who did not respond 
to initial chemotherapy or relapsed within 3 months were 
defined as refractory relapse (R) patients. For the identi-
fied and selected subjects, a clinical chart search was per-
formed at each hospital. Institutional review boards of each 
institution approved the study protocol, and the require-
ment for written informed consent was waived, given this 
study’s retrospective nature. All patients were amrubicin 
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monotherapy naïve, and amrubicin was dissolved in 20 ml 
of normal saline and administered intravenously as a 5-min 
infusion at a dose of 30–45 mg/m2 on days 1–3 every 3 or 
4 weeks. Granulocyte colony-stimulating factor (G-CSF) 
was administered as a therapeutic intervention at the phy-
sician’s discretion, but it was not mandatory as a prophy-
lactic agent against leukopenia or neutropenia. Treatment 
continued until disease progression, the appearance of 
intolerable toxicity, or withdrawal of consent.

The best overall response and maximum tumor shrinkage 
were recorded as the tumor responses. Radiographic tumor 
responses were defined according to the Response Evalu-
ation Criteria in Solid Tumors, version 1.1 [25]: complete 
response (CR), the disappearance of all target lesions; par-
tial response (PR), a decrease in the sum of the target lesion 
diameters by at least 30% compared to baseline; progressive 
disease (PD), an increase of at least 20% in the sum of the 
target lesion diameters compared to the smallest sum during 
the study; and stable disease (SD), insufficient shrinkage or 
expansion to qualify as PR or PD. PFS was calculated from 
the start of treatment until PD or death from any cause, 
and OS was recorded from the first day of treatment until 
death, or was censored on the date of the last follow-up. The 
survival curves were calculated using the Kaplan–Meier 
method. Adverse events that were associated with amru-
bicin monotherapy were graded according to the Common 
Terminology Criteria for Adverse Events (version 4.0). 
After failure of amrubicin monotherapy, patients were per-
mitted any subsequent treatment(s) desired by themselves, 
including continuation of amrubicin treatment. All statisti-
cal analyses were performed using JMP, version 11.0, for 
Windows (SAS Institute, Cary, NC, USA).

Results

Patients characteristics

From November 2003 and September 2015 at four insti-
tutions, a total of 86 patients were treated with a single-
agent regimen of amrubicin. Patient baseline characteristics 
are shown in Table 1. Forty-two patients in the sensitive 
group and 44 in the refractory group were assessable for 
response, survival and safety. Men accounted for the bulk 
of the patients (76, 88.3%), and the median age of the entire 
group was 75 years (range 70–85 years). The bulk of the 
patient group (71, 82.6%) had only received one previous 
line of chemotherapy prior to the use of amrubicin, and the 
remaining patients had received two prior lines of treatment. 
All patients had been pretreated using chemotherapy con-
taining any type of topoisomerase inhibitor: topoisomerase 
I inhibitor (irinotecan or topotecan), n = 5; topoisomerase 

II inhibitor (etoposide), n = 71; and both topoisomerase I 
and II inhibitors, n = 8.

Response and treatment delivery

Table 2 shows the results of the response and treatment 
delivery. There were no complete response (CR), 17 partial 
response (PR), 9 stable disease (SD) and 14 progressive dis-
ease (PD) cases in the S group (response rate 40.5%) and no 
CR, 12 PR, 12 SD and 20 PD cases in the R group (response 
rate 27.2%). The median number of treatment cycles was 
three (range 1–9) in the S group and two (range 1–6) in 
the R group. None of the patients received amrubicin at a 
dose of 45 mg/m2 per day, while 16 patients received 40 mg/
m2 per day, 23 patients received 35 mg/m2 per day and 3 
patients received 30 mg/m2 per day in the S group. Two 
patients received amrubicin at a dose of 45 mg/m2 per day, 
13 patients received 40 mg/m2 per day, 28 patients received 
35 mg/m2 per day and 1 patient received 30 mg/m2 per day 
in the R group. Dose reduction was more frequent at a dose 
of 40 mg/m2 per day or more than those at 35 mg/m2 per 
day or less [occurring in 47.6% (10/21) vs. 17.0% (8/47) of 
patients].

Survival

Median progression-free survival (PFS) was 3.4 months 
for all patients (Fig.  1). Median overall survival (OS) 

Table 1  Baseline patient characteristics (n = 86)

Sensi-
tive group 
(n = 42)

Refrac-
tory group 
(n = 44)

Sex
 Male (%) 36 (85.7) 40 (90.9)
 Female (%) 6 (14.3) 4 (9.0)

Age (years)
 70–74 (%) 16 (38.1) 24 (54.5)
 75–79 (%) 17 (40.5) 9 (20.5)
 ≥80 (%) 9 (21.4) 11 (25.0)

Performance status
 0–1 35 (83.3) 34 (77.3)
 2 7 (16.7) 9 (20.5)
 ≥3 0 (0.0) 1 (2.3)

Disease extent
 Limited disease (%) 19 (45.2) 11 (25.0)
 Extensive disease (%) 23 (54.7) 33 (27.0)

Prior therapy
 Chemotherapy alone (%) 30 (71.4) 41 (93.9)
 Chemotherapy and thoracic radiation 

(%)
12 (28.6) 2 (4.5)

 Chemotherapy and surgery (%) 0 (0.0) 1 (2.3)
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from the first amrubicin administration for all patients was 
6.1 months (Fig. 1). PFS was significantly better in the S 
group (Fig. 2a). Median PFS was 4.0 months in the S group 
and 2.7 months in the R group, respectively (p = 0.013). 
OS according to relapse pattern is shown in Fig.  2b. 
Median OS was 7.6 months in the S group and 5.5 months 
in the R group, respectively (p = 0.26). Univariate and 
multivariate analyses showed that the relapse pattern (sen-
sitive or refractory) was an independent prognostic factor 

for PFS. Univariate and multivariate analyses showed that: 
a PS of 0–1 or 2–4 for amrubicin was an independent prog-
nostic factor for OS (Table 3); the relapse pattern (sensitive 
or refractory) was an independent prognostic factor for PFS 
in patients with a good PS (PS 0–1; Supplement Table 1); a 
PS of 0–1 or 2–4 for amrubicin was an independent prog-
nostic factor for OS in sensitive relapse patients (Supple-
ment Table 2). Only the univariate analysis showed that an 
age of 70–74 or ≥75 years for amrubicin was a prognostic 
factor for OS in refractory relapse patients (Supplement 
Table 3).

Toxicity

Drug-related adverse events for all patients are shown in 
Table 4. All 86 patients were evaluated for toxicity. The most 
frequent drug-related adverse event was myelosuppression. 
Grade 3 or 4 neutropenia was seen in 74.4% of patients, and 
grade 3 or 4 leukopenia occurred in 60.4%. Febrile neu-
tropenia was observed in 15 patients (17.4%). Grade 3 or 
4 anemia occurred in 10 patients (11.6%) and grade 3 or 4 
thrombocytopenia was reported in 14 patients (16.2%). The 
incidence of non-hematologic toxicities was low. The most 
frequent grade 3 or 4 non-hematologic toxicities included 
anorexia (5.8%) and infection (5.8%). Grade 1 pneumoni-
tis was seen in one patient. No cardiotoxicity was noted. 

Table 2  Tumor response to therapy and treatment delivery

CR complete response, PR partial response, SD stable disease, PD 
progressive disease, NE not evaluate

Sensitive 
group (n = 42)

Refractory 
group (n = 44)

Total

Response
 CR 0 0 0
 PR 17 12 29
 SD 9 12 21
 PD 14 20 34
 NE 2 0 2

Response rate (%) 40.5 27.2 33.7
Disease control rate (%) 61.9 54.5 58.1
No. of treatment cycles
 Median 3 2 3
 Range 1–9 1–6 1–9

Starting dose (mg/m2 per day)
 45 0 2 2
 40 16 13 29
 35 23 28 51
 30 3 1 4

Dose reduction
 Starting dose 30–35 mg/m2 per day
  Yes/no 5/21 3/26 8/47

 Starting dose 40–45 mg/m2 per day
  Yes/no 5/11 5/10 10/21

Fig. 1  Kaplan–Meier estimates for progression-free and overall sur-
vival of the entire study population (n = 86). Median progression-free 
and overall survival was 3.4 and 6.1 months, respectively

Fig. 2  a Median progression-free survival (PFS) in the sensitive- 
and refractory-relapsed patients was 4.0 and 2.7 months, respectively 
(p = 0.013). b Median overall survival (OS) of sensitive- and refrac-
tory-relapsed patients was 7.6 and 5.5 months, respectively (p = 0.26)
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Treatment-related death occurred in one patient. The patient 
suffered from bacterial lung infection.

Analyzing myelosuppression according to dose of admin-
istration, hematologic toxicities occurring at a dose of 
35 mg/m2 per day or less were milder than those at 40 mg/
m2 per day or more (Table 4). The frequencies of grade 3 
or 4 hematologic toxicities in patients receiving 35 mg/m2 
per day or less versus those receiving 40 mg/m2 per day or 
more were as follows: neutropenia, 60.1 versus 83.8%; leu-
kopenia, 56.3 versus 67.7%; anemia, 9.1 versus 16.1%; and 
thrombocytopenia, 12.7 versus 22.5%. Febrile neutropenia 
occurred in 14.5% of patients when the dose was 35 mg/m2 
per day or less and in 33.3% of patients when the dose was 
40 mg/m2 per day or more.

Discussion

This retrospective study assessed the effect and safety of 
amrubicin monotherapy for the treatment of recurrent 
or refractory SCLC, in patients who had previously been 
treated with a platinum-based regimen. Amrubicin demon-
strated no new safety signals in this patient population and 
was acceptable for elderly patients with previously treated 
SCLC.

The number of elderly patients with SCLC will increase 
with the swiftly growing geriatric population [26, 27]. 
Elderly patients with good PS and normal organ functions 
tend to be treated with regimens analogous with those of 
younger patients, but some studies suggest that elderly 
patients even with good PS and normal organ function may 
be at greater risk for severe toxicity than younger counter-
parts [28, 29]. Therefore, non-cisplatin regimens, such as 
carboplatin and etoposide, have become one of the stand-
ard chemotherapy regimens for elderly patients with SCLC 
[30]. Treatment options for elderly patients with recurrent 
or refractory SCLC remain limited. Amrubicin is often 
delivered to patients with refractory or recurrent SCLC, 
but whether amrubicin monotherapy for elderly patients 
with previously treated SCLC is clinically safe has not been 
evaluated. This is the first study of the safety and benefit 
of amrubicin for elderly patients with previously treated 
SCLC.

Following front-line chemotherapy for SCLC, chemore-
sistance is common, and few subsequent treatment options 
exist [31]. Our analysis shows that amrubicin monotherapy 
is active against relapsed SCLC. The activity of second-
line treatments usually depends on tumor responsiveness 
to first-line treatment: namely, whether the tumor is sen-
sitive or refractory. Amrubicin and topotecan are agents 
that have demonstrated efficacy in the second-line setting 
[21, 32]. In a Japanese randomized phase II study com-
paring amrubicin with topotecan, the response rate in the Ta
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amrubicin arm was better in the S group (53%) compared to 
the R group (17%) [21]. In the study, the median PFS and 
OS in the amrubicin arm were 3.9 and 9.9 months in the S 
group, and 2.6 and 5.3 months in the R cases, respectively. 
Furthermore, in a randomized phase III study comparing 
amrubicin with topotecan, the response rate, the median 
PFS and the median OS in the amrubicin arm were better 
with 40.9%, 5.5 and 9.2 months in the S and 20.1%, 2.8 and 
6.2 months in the R cases, respectively [32]. Considering 
that R is extremely chemoresistant, the anti-tumor activity 
of amrubicin is considerably promising. Onoda et al. also 
described a single-arm phase II study of amrubicin 40 mg/
m2 for relapsed SCLC [18]. The ORR was 52% (sensitive 
relapse, 52%; refractory relapse, 50%). The median PFS and 
MST in the sensitive relapse and the refractory relapse were 
4.2 and 2.6 months, and 11.6 and 10.3 months, respectively. 
In the above trials of single-agent activity, response rates, 
median PFS and median OS for refractory disease were 
unsatisfactory. Although inferior to S, a response rate of 
27.2% was observed in the R group in our study. Although 
the present study was retrospective, the response rate in the 
R group was reasonable. OS was not significantly different 
between S and R patients. However, PFS was significantly 

more favorable in the S patients (4.0 vs. 2.7  months, 
p = 0.013). The response rate and median PFS of SCLC 
in our study seemed to be equal to that of these previous 
reports. Although the response rates and median PFS were 
similar to previous reports, the results of OS were slightly 
lower than those reported in the studies [18, 21, 32]. These 
differences may be due to differences of patient character-
istics or other biases. Previous relapsed SCLC studies of 
amrubicin monotherapy included only a small percentage of 
poor PS and elderly patients and a large percentage of treat-
ment as second-line setting. Furthermore, median OS was 
similar in the two groups (7.6 months in the sensitive group 
and 5.5 months in the refractory group, p = 0.26; Fig. 2b). 
These results suggest that amrubicin may be a useful new 
addition to treatment strategies for chemotherapy-resistant/
refractory elderly patients. Likewise, our results of elderly 
patients are not inferior to those of previous reports of non-
elderly patients.

Multivariate analysis demonstrated that PS of 0–1 or 
2–4 for amrubicin was an independent prognostic factor 
for OS. The result was consistent with a previous study that 
included non-elderly patients [33]. These findings suggest 
that amrubicin monotherapy might be beneficial for elderly 

Table 4  Patients with drug-
related adverse events (CTCAE 
v4.0)

Gr grade

Event Gr.1 Gr. 2 Gr.3 Gr.4 Gr.5 ≥Gr.3 %

Leukopenia
 Total 5 19 33 19 – 52 60.4
 Dose of 30–35 mg/m2/day 4 13 21 10 – 31 56.3
 Dose of 40–45 mg/m2/day 1 6 12 9 – 21 67.7

Neutropenia
 Total 4 8 26 38 – 64 74.4
 Dose of 30–35 mg/m2/day 4 6 14 24 – 38 60.1
 Dose of 40–45 mg/m2/day 0 2 12 14 – 26 83.8

Anemia
 Total 18 21 7 3 0 10 11.6
 Dose of 30–35 mg/m2/day 14 14 4 1 0 5 9.1
 Dose of 40–45 mg/m2/day 4 7 3 2 0 5 16.1

Thrombocytopenia
 Total 13 19 8 6 – 14 16.2
 Dose of 30–35 mg/m2/day 11 7 4 3 – 7 12.7
 Dose of 40–45 mg/m2/day 2 12 4 3 – 7 22.5

Febrile neutropenia
 Total – – 14 1 0 15 17.4
 Dose of 30–35 mg/m2/day – – 8 0 0 8 14.5
 Dose of 40–45 mg/m2/day – – 6 1 0 7 33.3

Nausea/vomiting 17 10 1 0 0 1 1.1
Anorexia 10 11 5 0 0 5 5.8
Malaise 11 7 – – – 0 0
Infection 0 1 4 0 1 5 5.8
Pneumonitis 1 0 0 0 0 0 0
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relapsed SCLC patients of good PS in OS. Furthermore, 
multivariate analysis demonstrated that the relapse pattern 
(sensitive or refractory) was an independent prognostic 
factor for PFS in all patients and good PS patients. The 
log-rank tests confirmed that PFS was significantly associ-
ated with the relapse pattern (sensitive or refractory) in all 
patients (Fig. 2a).

The toxicity profile of amrubicin noted in our analy-
sis was acceptable, in accordance with previous phase II 
and III trials that noted myelosuppression as the major 
toxic effect [18, 21, 32]. Almost all hematologic adverse 
effects were manageable. Non-hematologic toxicity was 
generally mild. The frequency of grade ≥3 hematologic 
toxicities occurring at a dose of 40 mg/m2 per day or 
more was much more than that at 35 mg/m2 per day or 
less. Furthermore, dose reduction was more frequent at 
a dose of 40 mg/m2 per day or more than that at 35 mg/
m2 per day or less (Table 2). Univariate and multivariate 
analyses showed that the initial dose (30–35 or 40–45 mg/
m2 per day) was not independent prognostic factors for 
PFS and OS (Table 3). A previous study indicated that 
the patients treated with amrubicin 35 mg/m2 seemed to 
achieve similar efficacy with less toxicity than those with 
amrubicin 40 mg/m2 in relapsed SCLC [23]. Besides, Oka-
moto et al. conducted a phase I and pharmacokinetic study 
of amrubicin in previously treated patients with SCLC and 
non-small cell lung cancer (NSCLC) and described a rec-
ommended dose of amrubicin at 35 mg/m2/day for three 
consecutive days every 3 weeks [34]. Thus, the patients 
treated with amrubicin 35 mg/m2 might achieve similar 
efficacy with less toxicity than those with a dose of 40 mg/
m2 per day or more in relapsed SCLC. A dose of 35 mg/
m2 might be reasonable for elderly relapsed SCLC. A sin-
gle patient developed pneumonitis, but this was reversible 
with steroid therapy. However, treatment-related death was 
observed in one patient due to infection. Experimentally 
and clinically, long-term treatment with doxorubicin is 
well known to cause cardiomyopathy. In contrast, repeated 
administration of amrubicin in the present series did not 
cause any cardiotoxicity. These findings suggest that the 
toxicity profile of amrubicin may be acceptable in the 
treatment of relapsed SCLC.

In conclusion, this retrospective study provides evi-
dence that amrubicin monotherapy may be an effective 
and tolerable regimen for elderly patients with previously 
treated SCLC. The information presented herein might 
provide a new direction for clinical research on the treat-
ment of elderly patients with SCLC after one or more 
chemotherapy regimens.
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