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Summary Background Previous study indicated that an op-
tional anti-cancer drug for the treatment of small-cell lung
cancer (SCLC) is amrubicin. However, no prospective studies
have evaluated amrubicin in chemo-naive elderly or poor-risk
patients with SCLC. Therefore, this study aimed to evaluate
the efficacy of amrubicin as first-line chemotherapy for elder-
ly or poor-risk patients with extensive-disease SCLC (ES-
SCLC). Methods Patients with chemotherapy-naive ES-
SCLC received multiple cycles of 40 mg/m2 amrubicin for 3
consecutive days every 21 days. The primary endpoint was
the overall response rate (ORR), and the secondary endpoints
were progression-free survival (PFS), overall survival (OS),
and safety. Results Between March 2011 and August 2015, 36
patients were enrolled in this study. Each patient received a
median of four treatment cycles (range, 1–6 cycles). ORRwas
52.8% [95% confidence interval (CI), 37–69%]. The median
PFS and OS periods were 5.0 months (95% CI, 3.4–
6.6 months) and 9.4 months (95% CI, 5.2–13.6 months), re-
spectively. Neutropenia was the most common grade 3 or 4
adverse event (69.4%), with febrile neutropenia developing in

13.9% of patients. No treatment-related death occurred. At the
time of starting second-line chemotherapy, 19 of 22 patients
(86%) had significantly improved or maintained their perfor-
mance status (PS) relative to their PS at the time of starting
amrubicin monotherapy as first-line chemotherapy
(P = 0.027). Conclusions The results of the present study
suggest that amrubicin could be considered as a viable treat-
ment option for chemotherapy-naive elderly or poor-risk pa-
tients with ES-SCLC (Clinical trial registration number:
UMIN000011055 www.clinicaltrials.gov).
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Introduction

Approximately 15% of all patients with lung cancer have
small-cell lung cancer (SCLC). Unlike other types of lung
cancer, SCLC is one of the most chemo-sensitive solid tumors
[1]. However, after remarkably successful induction therapy,
most patients have a relapse as a result of the emergence of
drug-resistant tumor cells. While many clinical trials have
been performed and reported to provide new drugs including
immune check point inhibitors and target based medicine for
patients with non-small-cell lung cancer (NSCLC) [2–7], the
development of new drug for SCLC patients has been delayed
in comparison with that of NSCLC. Approximately half of all
SCLC patients in Japan are over 70 years of age. The Japan
Clinical Oncology Group has reported that carboplatin plus
etoposide is an active and less toxic regimen in elderly patients
with SCLC [8]. Alternatively, previous clinical trials have
indicated that combination chemotherapy consisting of re-
duced or split doses of cisplatin plus etoposide (SPE) can be
safe and effective in elderly or poor-risk patients with SCLC
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[9, 10]. Subsequently, the Japan Clinical Oncology Group
reported the results of a phase III trial indicating that the
SPE regimen can be considered as an alternative to the
carboplatin plus etoposide regimen for the treatment of elderly
and poor-risk patients with extensive-disease small-cell lung
cancer (ES-SCLC) [11]. Thus, the carboplatin plus etoposide
regimen and SPE have been recognized as standard therapies
for elderly Japanese patients with SCLC. Because the propor-
tion of elderly patients with SCLC has been continuously
increasing in Japan, novel treatment opportunities for these
patients have been becoming increasingly important.

Amrubicin hydrochloride is a completely synthetic 9-
aminoanthracycline that is metabolically activated to
amrubicinol by a liver enzyme. Both amrubicin and
amrubicinol inhibit DNA topoisomerase II and exert a cyto-
toxic effect by stabilizing a topoisomerase-II-mediated cleav-
able complex. Their potency as DNA intercalators is approx-
imately one tenth that of doxorubicin [12, 13]. The catatonic
activity of amrubicinol in vitro is 18–220 times more potent
than that of its parent compound amrubicin [14]. The anti-
tumor activity of amrubicin against several human tumor xe-
nografts implanted in nude mice has been found to be more
potent than that of the representative anthracycline doxorubi-
cin, with almost no cardiotoxicity [15, 16]. Amrubicin has
been shown to be active against previously untreated SCLC
[17], and patients in that study had an overall response rate
(ORR) of 79% and a median survival time (MST) of
11.0 months. Thus, the results of previous studies support
the consideration of amrubicin as a key drug for the treatment
of SCLC. However, amrubicin has not been evaluated suffi-
ciently in chemo-naive elderly and poor-risk patients with
SCLC. A previous retrospective study that we conducted to
estimate the efficacy of amrubicin in these patients revealed an
ORR of 70%, progression-free survival of 6.6 months, and an
MST of 9.3 months [18]. Considering the elderly and poor-
risk population of patients, the starting dose of amrubicin was
reduced by 5 mg/m2 from the conventional starting dose of
45 mg/m2/day in the above retrospective study.

In the present prospective study, we aimed to estimate the
efficacy and safety of amrubicin as first-line chemotherapy for
elderly or poor-risk patients with ES-SCLC.

Patients and methods

Study design

This study was designed as a single-arm phase II study to
estimate the efficacy and safety of amrubicin monotherapy.
The primary endpoint in this study was ORR, which was
calculated as confirmed response (Complete response +
Partial response) according to independent assessments. The
secondary endpoints were PFS, OS, and safety. The study was

performed in accordance with the Declaration of Helsinki, the
Japanese Pharmaceutical Affairs Law, and the International
Conference on Harmonization–Good Clinical Practice guide-
lines. This study was approved by the institutional ethics re-
view board of the Kitasato University Hospital. Signed in-
formed consent for participation was obtained from all pa-
tients. This study was registered at ClinicalTrials.gov
(UMIN000011055).

Patient eligibility

The eligibility criteria were as follows: histologically or cyto-
logically proven small cell carcinoma of the lung; stage IIIb
(unresectable and unfit for definitive radiotherapy), stage IV
(as defined by the Union for International Cancer Control
TNM classification, 7th edition); age > 70 years or Eastern
Cooperative Oncology Group performance status (PS) > 1;
chemotherapy naive; measurable lesion according to the
Response Evaluation Criteria In Solid Tumors version 1.0;
life expectancy of 3 months; preserved bone marrow function
(white blood cell count ≥4000 /mm3, absolute neutrophil
count ≥2000 /mm3, platelet count ≥100,000/mm3, and hemo-
globin ≥9.5 g/dl), adequate liver function (aspartate amino-
transferase and alanine aminotransferase ≤2.5 times the upper
limit of the normal range and total bilirubin ≤1.5 mg/dl), ad-
equate pulmonary function (PaO2 ≥ 60 Torr or oxygen satu-
ration ≥ 90% in ambient air), and electrocardiogram without
abnormal findings requiring treatment.

Patients were excluded from the study if they had any of
the following conditions: serious infections or other serious
complications; other active cancers; presence of massive pleu-
ral effusion, ascites, or pericardial effusion interfering with the
administration of chemotherapy; clear evidence of interstitial
pneumonia or pulmonary fibrosis on a plain chest radiograph;
brain metastasis associated with central nervous system symp-
toms (patients were eligible for inclusion if the symptoms
could be controlled by steroids or other treatments); poorly
controlled diabetes mellitus; and a distinct history of drug
allergies. Pregnant or lactating women and men who did not
intend to use contraception were ineligible.

Treatment

Treatment was started within 1 week after enrollment in this
study. Patients were treated every 3 weeks with an intravenous
infusion of amrubicin dissolved in 20 mL normal saline on
days 1 to 3. The dose of amrubicin was set at 40 mg/m2/day.
The treatment regimen was repeated for 4 to 6 cycles at the
attending oncologists’ discretion (i.e., after four cycles, the
oncologist decided whether a fifth and sixth cycle was appro-
priate) and continued until disease progression or unaccept-
able adverse event(s) occurred, or the patient requested to stop
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treatment. There was no restriction for subsequent chemother-
apy after disease progression in this study.

Toxicity assessment and treatment modification

Toxicity was graded according to the Common Terminology
Criteria for Adverse Events, version 4.0. The criteria for dose
reduction of amrubicin were as follows: grade 4 neutropenia
lasting ≥4 days, febrile neutropenia, grade 4 thrombocytope-
nia, and grade 3 or severe nonhematologic toxicity, except
nausea, anorexia, weight loss, creatinine, hyponatremia, and
hyperglycemia. If any of these adverse events occurred, the
dose of amrubicin was reduced by 5 mg/m2/day in subsequent
cycles. A second dose reduction to 30mg/m2/daywasmade in
subsequent cycles on the basis of the same criteria. An intra-
patient dose escalation was not allowed in this trial. In cases of
toxicity that would have required a third dose reduction, the
protocol treatment was terminated. The subsequent cycle was
started when patients satisfied the organ function eligibility
criteria of this trial.

Patients received supportive care as required, including
transfusion of blood products. The protocol specified that
50μg/m2/day or 2μg/kg/day recombinant human granulocyte
colony-stimulating factor (G-CSF) should be used in accor-
dance with the national health insurance coverage of Japan.
Indications for G-CSF administration were as follows: (a)
when fever (in principle, body temperature over 37.5 °C)
was observed with a neutrophil count of ≤1000/mm3; (b)
when a neutrophil count of 500/mm3 was observed; and (c)
during the previous course, if fever (in principale, body tem-
perature over 37.5 °C) with a neutrophil count of ≤1000/mm3

was observed, or if a neutrophil count of 500/mm3 was ob-
served, then after completing the same chemotherapy, if a
neutrophil count of ≤1000/mm3 was observed.

Response evaluation

Before the start of treatment, the following examinations were
performed: hematologic examinations and serum chemical
analysis, urinalysis, measurement of tumor marker levels,
measurement of percutaneous oxygen saturation, and electro-
cardiography. Lesions were evaluated by performing plain
chest radiography, computed tomography (CT) of the chest
and abdomen, positron emission tomography (PET) or bone
scintigraphy, and CTor magnetic resonance imaging (MRI) of
cranium. After initiation of treatment, hematologic examina-
tions and serum chemical analyses were carried out at 1- to 2-
week intervals.When absolute neutrophil count and leukocyte
count were <500/mm3 and <1000/mm3, respectively, the com-
plete blood count was repeated every day until recovery of the
values to the normal range. To evaluate the tumor lesions, CT
of the chest and abdomen was performed at least every two
cycles. Confirmation of complete or partial response was

required at least 4 weeks after the first documentation of a
response. PET or bone scintigraphy and CT or MRI of the
cranium were performed either when patients had significant
symptoms associated with tumor lesions or at 6-month inter-
vals. Tumor shrinkage was assessed in accordance with the
Response Evaluation Criteria in Solid Tumors guidelines (ver-
sion 1.1). All evaluations of the recorded responses were con-
firmed by an independent evaluator.

Statistical analyses

All data were analyzedwith a cut-off date of February 1, 2017.
The primary endpoint of this study was ORR, which was
calculated as confirmed response (complete response and par-
tial response) according to an independent review. The sample
size was set asN = 32 to achieve a power of at least 80%with a
one–sided alpha of 0.1, and expected and threshold values for
the primary endpoint of 70% and 50%, respectively. PFS was
defined as the time interval from the date of enrollment to
disease progression or patient death. OS was defined as the
time interval from the date of enrollment to patient death or the
last follow-up. We evaluated time-to-event/Kaplan-Meier
curves for analysis of PFS and OS. We also evaluated a
change of PS of each patient who received second-line che-
motherapy, and used the Wilcoxon signed-rank test to analyze
differences in PS. The statistical analyses were performed
using the SPSS software program, version 23.0 (SPSS Inc.,
Chicago, Illinois), for Windows. P-values less than 0.05 were
considered significant.

Results

Patient characteristics

From March 2011 to August 2015, a total of 36 patients were
enrolled in this study. All these patients were included in the
efficacy and safety analyses. The demographic data of the
patient population are shown in Table 1. Twenty-eight patients
were men and eight were women, 20 patients had a PS of 2 or
3, and the median patient age was 74 years (range, 51–90). A
total of 125 cycles of treatment were administered, and the
number of treatment cycles administered per patient ranged
from 1 to 6 (median, 4 cycles). While the dose was reduced to
35 mg/m2/day in five patients (grade 4 neutropenia lasting
≥4 days in two patients, febrile neutropenia in three patients),
a second dose reduction to 30 mg/m2/day was not required.
The delay in the administration of a subsequent cycle did not
exceed 14 days in any patient. Reasons for off-protocol in-
cluded disease progression (n = 35) and patient refusal (n = 1).
The protocol treatment was not terminated because of severe
toxicities in any patient.
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Response

An independent review of tumor response was performed for
each patient. Of the 36 patients, a partial response was ob-
served in 19 patients, stable disease in six patients, and pro-
gressive disease in 10 patients. The tumor response was not
evaluable in one patient because of early termination of the
treatment protocol due to the patient’s refusal, and he refused
further treatment after one cycle of amrubicin treatment. The
overall response rate was 52.8% (95% CI: 37–69%, Table 2).
Of the 36 patients, 22 (61%) received second-line chemother-
apy that consisted of carboplatin plus etoposide in 19 patients
and cisplatin plus irinotecan in three patients. Among the 22
patients, partial response was observed in nine patients by the

second-line chemotherapy (40.9% of response rate), including
two responders to cisplatin plus irinotecan.

Survival

Themedian PFS for all patients was 5.0 months (95%CI: 3.4–
6.6 months, Fig. 1a). The median OS for all patients was
9.4 months (95% CI: 5.2–13.6 months, Fig. 1b). The median
follow-up time was 10.4 months. In addition, the median OS
was 13.5 months (95% CI, 9.0–18.0) in the 22 patients who
could receive the platinum-based chemotherapy as second-
line chemotherapy.

Toxicity

The profile of grade 3 or higher toxicities is summarized in
Table 3. The most common adverse events were hematologi-
cal toxicities, including grade 3 or 4 neutropenia (69.4%),
leukopenia (38.9%), and thrombocytopenia anemia (16.7%;
Table 3). Grade 3 febrile neutropenia developed in five pa-
tients (13.9%). Non-hematological toxic effects were relative-
ly mild. Grade 3 pneumonitis occurred in one patient after
administration of the fourth cycle of amrubicin. Neither dis-
continuation of treatment because of unacceptable toxicity nor
treatment-related death was observed.

Change in PS of patients receiving second-line
chemotherapy

Figure 2 shows the change in PS for 22 patients receiving
platinum-based chemotherapy as a second-line chemotherapy
after amrubicin monotherapy. At start of the second-line che-
motherapy, 19 of 22 patients (86%) had improved or main-
tained PS relative to the PS at the start of the amrubicin mono-
therapy as first-line chemotherapy. The change in PS was
significant according to the Wilcoxon signed rank test
(P = 0.027).

Discussion

To the best of our knowledge, this is the first report to estimate
the efficacy of amrubicin as first-line chemotherapy for elder-
ly or poor-risk patients with ES-SCLC. It is noteworthy that
the amrubicin monotherapy had a clinical response rate of
52.8%, median PFS of 5.0 months, and median OS of
9.4 months. Prior to this phase II study, we reported a retro-
spective study indicating a response rate of 70%, median PFS
of 6.6 months, and OS of 9.3 months after treatment of elderly
or poor-risk patients with ES-SCLC with 35 or 40 mg/m2 of
amrubicin [18]. While the response rate did not reach the
expected value of 70% in the present study, the median PFS
of 5.0 months and OS of 9.4 months were consistent with

Table 2 Clinical response to amrubicin

Response. Number of patients %

CR 0 0

PR 19 52.8

SD 6 16.7

PD 10 27.8

Not evaluable 1 2.8

ORR (CR + PR) 19 52.8

95% CI 37–69

Abbreviations: CR complete response, PR partial response, SD stable
disease, PD progressive disease, ORR Objective response rate, CI confi-
dence interval

Table 1 Patient characteristics

Patient characteristics n = 36

Gender

Male/Female 28/8

Age (Years)

Median (range) 74 (51–90)

Smoking status

Current smoker 100

Former smoker 0

PS

2–3 20

0–1 16

Cycles of chemotherapy

Median (Range) 4 (1–6)

Brain metastasis

Yes/No 3/33

Post chemotherapy

Yes/No 22/14

Carboplatin plus etoposide 19

Cisplatin plus irinotecan 3
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those of carboplatin plus etoposide in elderly and poor-risk
patients with ES-SCLC, as found in recent phase II or III
studies [10, 11, 19, 20] and our above mentioned retrospective
study [18]. Therefore, this regimen may represent a viable
treatment option because its treatment outcomes were equiv-
alent to those of the carboplatin plus etoposide regimen, which
has been recognized as a standard treatment for elderly or
poor-risk patients with ES-SCLC. The anti-tumor mechanism
of amrubicin differs from that of platinum and topoisomerase I
inhibitors. Accordingly, amrubicin has mainly been used for
the treatment of previously treated SCLC patients in clinical
practice. Onoda et al. [21] found that amrubicin at 40 mg/m2

had significant activity and acceptable toxicity in previously
treated SCLC patients. However, Kato et al. [22] found that
amrubicin at 45 mg/m2 had promising activity but a severe
and unacceptable toxicity profile in previously treated SCLC
patients. Thus, when we conducted this phase II trial, we

selected 40 mg/m2 as the starting dose of amrubicin on the
basis of the results of these previous studies [21, 22] and our
retrospective study [18].

Of the 36 patients in this study, 22 (61%) could receive
second-line chemotherapy on the basis of the improvement
or maintenance of PS during amrubicin monotherapy, and
three of these 22 patients surprisingly received cisplatin plus
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Fig. 2 Change in performance status (PS) of patients receiving second-
line chemotherapy. PS was improved or maintained in 19 (86%) of the 22
patients relative to the PS at the time of starting amrubicin monotherapy
as first-line chemotherapy, indicating a significant improvement in PS
(P = 0.027)

Table 3 Severe adverse events in patients treated with amrubicin

G3 G4 ≥ G3

n % n % n %

Neutropenia 11 30.6% 14 38.9% 25 69.4%

Leukopenia 12 33.3% 2 5.6% 14 38.9%

Thrombocytopenia 5 13.9% 1 2.8% 6 16.7%

Febrile Neutropenia 5 13.9% 0 0.0% 5 13.9%

Anemia 0 0.0% 1 2.8% 1 2.8%

Anorexia 4 11.1% 0 0.0% 4 11.1%

Hyponatremia 3 8.3% 0 0.0% 3 8.3%

Hyperuricemia 1 2.8% 0 0.0% 1 2.8%

Pneumonitis 1 2.8% 0 0.0% 1 2.8%

Nausea 1 2.8% 0 0.0% 1 2.8%

Cholecystitis 1 2.8% 0 0.0% 1 2.8%
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irinotecan, suggesting that the clinical usefulness of amrubicin
as first-line chemotherapy for ES-SCLC patients with poor
PS. In general, a preservation of PS is indispensable to an
effective chemotherapy regimen that results in prolonged pa-
tient survival. A further important point is that the number of
and effective anti-cancer drugs for the treatment of SCLC is
limited compared to those available for NSCLC.
Consequently, in addition to amrubicin, platinum-based che-
motherapy is the primary treatment regimen available to
SCLC patients. Therefore, providing platinum-based chemo-
therapy to patients without an exacerbation of PS is extremely
important during all treatment processes.

The principal severe adverse event associated with
amrubicin monotherapy in this study was hematological tox-
icity in the form of neutropenia and leucopenia. Non-
hematologic adverse events were mild and consistent with
historical data [18, 21]. The number of patients requiring dose
reduction and a delay in drug administration was few because
of appropriate G-CSF support, indicating that the 40 mg/m2

dose of amrubicin was acceptable for elderly or poor-risk pa-
tients with ES-SCLC. While five patients required a dose re-
duction to 35 mg/m2, all patients could perform confirmed
partial response. This result is supported by previous reports
indicating that amrubicin was efficacious against recurrent
ES-SCLC at a dose between 35 mg/m2 and 40 mg/m2 [23,
24]. Furthermore, a previous study reported that leukopenia
and neutropenia induced by an amrubicin dose of 45 mg/m2

were severe, with grade 3 to 4 leukopenia occurring in as
many as 80% of patients, febrile neutropenia occurring in
34% of elderly SCLC patients, and treatment-related deaths
from infection associated with neutropenia occurring in two
patients [25]. Another phase II study also revealed a high
incidence of amrubicin-induced febrile neutropenia at a dose
45 mg/m2 and concluded that the dose of 45 mg/m2 may not
be recommended in pretreated patients with SCLC [26]. In our
previously retrospective study, amrubicin at a dose of 35–
40 mg/m2 was well tolerated in patients aged >75 years, with-
out treatment-related mortality [18]. Another retrospective
study comparing 30 and 40 mg/m2 amrubicin monotherapy
between elderly and younger patient groups found no
between-group differences in the mean dose and interval of
amrubicin administration, and the severity of hematologic tox-
icity [27]. A previous study summarized seven cases of inter-
stitial lung disease (ILD) induced by amrubicin monotherapy
from among a review of 100 cases of SCLC treated with this
anti-cancer agent [28]. The incidence rates of ILD were 3%
and 33% in patients with or without pre-existing pulmonary
fibrosis [28]. Thus, the incidence of drug-induced ILD in our
present study (2.8%) was consistent with the data of this pre-
vious study.

This study has several limitations. It was performed in a
single institute, and accordingly the enrollment of patients in
this clinical trial was slow. Although the individuals included

in this study were elderly or poor-risk patients, data regarding
their quality of life were not evaluated.

In conclusion, amrubicin monotherapy for chemo-naive
elderly or poor-risk patients with ES-SCLC resulted in mod-
erate tumor response, PFS, and OS, and acceptable toxicity.
The results of this study suggest that amrubicin is a viable
option for the treatment of chemo-naive elderly or poor-risk
patients with ES-SCLC. Further prospective studies compar-
ing this regimen with carboplatin plus etoposide are
warranted.
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