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Abstract
Background Amrubicin and cisplatin is one of the active regimens used to treat patients with extensive-disease (ED)-small 
cell lung cancer (SCLC), whereas combined therapy involving chemotherapy and concurrent thoracic radiotherapy is the 
standard treatment for limited-disease (LD)-SCLC.
Purpose This study aimed to determine the maximum tolerated dose (MTD) and dose-limiting toxicities (DLT) of amrubicin 
and cisplatin with concurrent thoracic radiotherapy (TRT) for LD-SCLC.
Patients and methods Patients that fulfilled the following eligibility criteria were enrolled: being aged ≤ 75 years and 
chemotherapy-naïve and having a performance status (PS) of 0–1, LD-SCLC, and adequate organ function. The patients 
received escalating doses of amrubicin on days 1, 2, and 3, and a fixed 60-mg/m2 dose of cisplatin on day 1. Four cycles of 
chemotherapy were administered, with each cycle lasting 4 weeks. TRT involving 2 Gy/day, once daily, commenced on day 
2 of the first cycle of chemotherapy. The initial dose of amrubicin was 20 mg/m2 (level 1), and the dose was escalated to 
25 mg/m2 (level 2) and then 30 mg/m2 (level 3).
Results Eight patients from three institutions were enrolled at three dose levels. The patients’ characteristics were as fol-
lows: male/female: 3/5; median age (range): 68.5 (60–73); PS 0/1: 4/4; stage IIIA/IIIB disease: 3/5. Both level 3 patients 
experienced DLT (grade 4 neutropenia and/or leukopenia lasting > 4 days). Level 3 was defined as the MTD, and level 2 was 
recommended as the dose for this regimen. Seven patients exhibited partial responses, and 1 displayed progressive disease 
(response rate: 88%). The median progression-free survival and overall survival periods were 11.1 and 39.5 months, respec-
tively. No treatment-related deaths occurred.
Conclusions When this regimen was combined with TRT for LD-SCLC, the MTD was 30 mg/m2 for amrubicin and 60 mg/
m2 for cisplatin. In addition, neutropenia and leukopenia were DLT, and doses of 25 mg/m2 for amrubicin and 60 mg/m2 for 
cisplatin are recommended for this regimen.
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Introduction

Lung cancer is the leading cause of cancer deaths worldwide. 
It is also the leading cause of cancer deaths in Japan, with 
an estimated 77,500 deaths from lung cancer occurring in 
2018 (20.4% of all cancer deaths) [1]. Small cell lung cancer 
(SCLC) accounts for one-tenth of such deaths, and one-third 
of SCLC patients present with limited disease (LD), i.e., dis-
ease that is confined to a single radiation port within the chest. 
Thoracic radiotherapy (TRT) improves the local control rate 
of LC-SCLC by 25%, and combining chemotherapy with TRT 
has been shown to improve the survival of LD-SCLC patients 
compared with chemotherapy alone [2, 3]. Etoposide and cis-
platin (EP) has been the standard first-line chemotherapy regi-
men worldwide for SCLC for the past 30 years [4], and TRT 
has been used in an early concurrent twice-daily schedule dur-
ing four cycles of EP [5]. Although our previous study of iri-
notecan plus cisplatin (IP) with concurrent TRT demonstrated 
promising survival data, high incident rate of pneumonitis was 
problem [6].

Amrubicin is a chemically synthesized anthracycline com-
pound, which exerts an antitumor effect by being converted 
to an active metabolite (amrubicinol). Amrubicinol inhibits 
cell proliferation 5–54 times more strongly than amrubicin [7]. 
Amrubicin inhibits cell proliferation by inhibiting topoisomer-
ase II, which leads to increased DNA cleavage due to the stabi-
lization of the cleavable complex [8]. Amrubicin monotherapy 
had a marked effect on patients with untreated extensive-dis-
ease (ED)-SCLC, in which it produced a 75.8% response rate 
and a median survival time of 11.7 months [9]. Furthermore, 
it achieved a response rate of 87.8% and a median survival 
time of 13.6 months when it was used in combination with 
cisplatin [10]. Since ED-SCLC patients treated with IP exhib-
ited a response rate of 84.4% and a median survival time of 
12.8 months, respectively, and those treated with EP therapy 
displayed a response rate of 67.5% and a median survival time 
of 9.4 months [11], the combination of amrubicin plus cispl-
atin (AP) is considered to be a potentially useful treatment for 
LD-SCLC.

Therefore, we planned a dose escalation phase I trial of 
AP combined with TRT for previously untreated LD-SCLC. 
As no regimen involving twice-daily irradiation combined 
with third-generation platinum doublet chemotherapy has 
been established, we decided to employ once-daily concur-
rent radiotherapy.

Patients and methods

The study protocol was reviewed and approved by the 
Nagasaki Thoracic Oncology Group (NTOG), and the eth-
ics committee of each institution. Written informed consent 

was obtained from all study participants. This study was 
an independent collaborative (unsponsored) group study. 
It is registered at the University Hospital Medical Infor-
mation Network (UMIN) in Japan (Registration Number: 
UMIN000005816).

Study design and patients

The patient eligibility criteria for this study were as follows: 
(1) a histologically and/or cytologically confirmed diagno-
sis of SCLC; (2) not having received any prior treatment 
for SCLC; (3) having LD, which was defined as disease 
limited in scope to one hemithorax according to positron 
emission tomography, with or without regional metastases, 
including ipsilateral hilar, bilateral mediastinal, or bilateral 
supraclavicular lymph node metastases; (4) not having any 
synchronous active malignancies; (5) being aged ≤ 75 years; 
(6) having an Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) of 0–1; (7) exhibiting adequate 
organ function (a leukocyte count of ≥ 4000/µl, a hemo-
globin level of ≥ 10.0 g/dl, a platelet count ≥ 10.0 × 104/µl, 
a serum total bilirubin of ≤ 1.5 mg/dl, hepatic transaminase 
levels of ≤ 2× the upper normal limit, and a serum creati-
nine level of ≤ the upper normal limit); (8) having consulted 
with radiotherapy physicians and having been judged to 
have appropriate lung function levels that can be main-
tained even after radiotherapy prior to registration; and (9) 
providing written informed consent. The exclusion criteria 
were as follows: (1) being classified with stage IA disease 
that was eligible for lobectomy; (2) exhibiting pericardial 
effusion with subjective symptoms; (3) displaying pleural 
effusion or malignant pleural effusion that was confirmed 
on a chest X-ray; (4) requiring emergency radiotherapy 
due to symptoms of superior vena cava syndrome; (5) hav-
ing severe heart disease; i.e., (i) a history of uncontrolled 
angina, (ii) having suffered a myocardial infarction in the 
previous 3 months, or (iii) suffering heart failure; (6) having 
uncontrolled hypertension or diabetes mellitus; (7) having 
a severe infection; (8) being pregnant; or (9) experiencing 
complications that it was considered would interfere with 
the implementation of therapy.

Treatment and study design

The patients received escalating doses of amrubicin on 
days 1, 2, and 3, and a fixed dose of 60 mg/m2 of cisplatin 
on day 1. Four cycles of chemotherapy were administered, 
with each cycle lasting 4 weeks. TRT, involving 2 Gy/day, 
once daily, was started on day 2 (26 Gy/13 fractions [fr]) 
and day 30 (24 Gy/12 fr). The initial dose of amrubicin 
was 20 mg/m2 (level 1), and the dose was escalated to 
25 mg/m2 (level 2) and then 30 mg/m2 (level 3). This study 
aimed to determine the maximum tolerated dose (MTD) 
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and dose-limiting toxicities (DLT) of AP with concurrent 
TRT for LD-SCLC. DLT were defined as any of the fol-
lowing that occurred during the first 28 days of treatment: 
grade 3/4 non-hematological toxicities; grade 4 thrombo-
cytopenia; grade 4 neutropenia or leukopenia that lasted 
for > 4 days; febrile neutropenia; or the second cycle not 
starting by day 35. For the dose escalation, 3 patients were 
enrolled at each level, and the dose was escalated to the 
next level if none of the patients experienced DLT. If ≥ 2 
patients experienced DLT, the dose level was defined as 
the MTD. If 1 of the 3 patients experienced DLT, an addi-
tional 3 patients were treated at the same level. If none 
of the additional patients experienced DLT, the dose was 
escalated to the next level. If ≥ 1 of the additional patients 
experienced DLT, the dose level was defined as the MTD. 
The recommended dose for this regimen was defined as 
the level below the MTD.

Response and toxicity evaluations

Screening was conducted within the 28 days before the 
first dose of the study drug was administered. During the 
treatment period, a physical examination, a complete blood 
count, blood chemistry tests, and chest radiography were 
performed once a week. Toxicity was evaluated according to 
the Common Terminology Criteria for Adverse Events (ver-
sion 4.0). Radiographic tumor assessments were conducted 
at the screening and every 4 weeks after the initiation of the 
study treatment, as per the RECIST guidelines, version 1.0.

Results

Patient enrollment

Eight patients from 3 institutions were enrolled in this trial 
between April 2011 and January 2014. All the patients who 
received the planned treatment underwent evaluations of tox-
icities, the response to treatment, and survival. The patients’ 
baseline characteristics are shown in Table 1. The patients 
ranged in age from 60 to 73 years (median age 68.5 years), 
and 5 of the patients (63%) were female.

Treatment administration

A total of 34 cycles of this treatment were administered 
(median: 4 cycles per patient): 4 cycles were administered 
to 7 patients (88%), and 6 cycles were administered to 1 
patient (13%). Three patients were treated at dose levels 1 
and 2, and 2 patients were treated at dose level 3.

Dose escalation

At levels 1 and 2, none of the 3 patients experienced DLT. 
The first patient treated at level 3 experienced grade 4 neu-
tropenia lasting ≥ 4 days, grade 4 leukopenia lasting ≥ 4 days, 
and grade 4 thrombocytopenia. The second patient treated 
at level 3 experienced grade 4 neutropenia lasting ≥ 4 days. 
Both of these patients experienced DLT; therefore, level 3 
was considered to be too toxic and was determined to be 
the MTD. Thus, level 2 (25 mg/m2 amrubicin and 60 mg/
m2 cisplatin) was regarded as the recommended dose level 
for this regimen.

Toxicities

The worst grades of hematological and non-hematological 
toxicities experienced by each patient are listed in Tables 2 
and 3. Leukopenia and neutropenia were the principal toxici-
ties. Grade 3–4 leukopenia and neutropenia were noted in 7 
(88%) and 6 (75%) patients, respectively, which led to grade 
3 febrile neutropenia in 1 (13%) patient. No grade ≥ 3 non-
hematological toxicities were observed. All cases of pneu-
monitis were considered to be radiation induced, rather than 
drug induced. There were no cases of ≥ grade 3 pneumonitis 
or treatment-related deaths.

Efficacy

The treatment response was assessable in all eight patients. 
Objective tumor responses were observed in seven patients, 
giving an overall response rate of 88% (95% confidence 
interval, 47–100%). At levels 1 and 2, all three patients 
exhibited partial responses. At level 3, one of two patients 
displayed partial responses, and the other patient had pro-
gressive disease. In May 2019, two patients were still alive, 
and the other six patients had died. The median progression-
free survival (PFS) period was 11.1 months (Fig. 1) and 

Table 1  Patient characteristics Characteristics Number (%)

Sex
 Male 3 (38)
 Female 5 (63)

Age (years)
 Median 68.5
 Range 60–73

Stage
 IIIA 4 (50)
 IIIB 4 (50)

PS
 0 4 (50)
 1 4 (50)
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the median overall survival (OS) period was 39.5 months 
(Fig. 2).

Discussion

The present study is the first prospective study to evaluate 
the tolerability and MTD of AP with concurrent thoracic 
radiotherapy for patients with LD-SCLC. Level 3 (30 mg/
m2 amrubicin and 60 mg/m2 cisplatin) was determined to 
be the MTD, and level 2 (25 mg/m2 amrubicin and 60 mg/
m2 cisplatin) was regarded as the recommended dose for 
this regimen.

AP was compared with IP for ED-SCLC in a phase III 
trial and was demonstrated to be inferior to IP (median OS 
period: 15.0 months [AP] vs. 17.7 months [IP]). Therefore, 
IP continues to be the standard first-line therapy for ED-
SCLC in Japan [12]. On the other hand, AP was shown to 
not be inferior to EP, i.e., it prolonged the OS period by 
1.5 months, and became a treatment option for ED-SCLC 
in China [13]. Since IP failed as a treatment for LD-SCLC 
[5] and seems to be incompatible with radiotherapy, AP is 
a candidate chemotherapy regimen for LD-SCLC. Actually, 
the administration of one cycle of EP in combination with 
concurrent thoracic radiotherapy, followed by 3 cycles of AP 

Table 2  Hematological 
toxicities

The numbers in parentheses are the number of patients that experienced DLT
TC thrombocytopenia, FN febrile neutropenia

Dose level No. of patients Anemia Leukopenia Neutropenia TC FN

2 3 2 3 4 2 3 4 3 4 3

1 3 (0) 1 0 0 3 0 1 0 2 0 0 0
2 3 (0) 2 0 1 1 1 1 1 1 0 0 0
3 2 (2) 1 1 0 1 1 (1) 0 0 2 (2) 0 1 (1) 1 (1)

Table 3  Non-hematological 
toxicities

None of the patients experienced grade ≥ 3 non-hematological toxicities
s-AST serum aspartate aminotransferase level, s-ALT serum alanine aminotransferase level, s-Cr serum cre-
atinine level
a All cases of pneumonitis were considered to have been radiation induced rather than drug induced

Dose level No. of patients Nausea s-AST s-ALT s-Cr Esophagi-
tis

Pneu-
moni-
tisa

1 2 1 2 1 2 1 2 1 2 1 2

1 3 (0) 0 3 0 0 0 0 0 0 0 2 2 0
2 3 (0) 1 1 1 0 2 0 0 0 0 1 1 2
3 2 (2) 0 2 2 0 1 0 0 1 0 1 1 1
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achieved a promising 5-year OS rate of 57.8% in a feasibility 
study [14].

Regarding the toxicities encountered in the current study, 
leukopenia and neutropenia were both seen in all patients, 
and grade 3–4 leukopenia and neutropenia occurred in 7 
(88%) and 6 (75%) patients, respectively. At levels 1 and 2, 
grade 4 leukopenia and neutropenia were seen in 1 (17%) 
and 3 (50%) patients, respectively, but all of them recovered 
within 3 days, and none of them developed febrile neutrope-
nia. At level 3, both patients experienced severe myelosup-
pression and DLT, and this level was considered to be the 
MTD. As the most common severe toxicity associated with 
amrubicin was myelosuppression [15], attention must be 
paid to leukopenia and neutropenia in patients treated with 
this drug. As for non-hematological toxicities, 7 patients 
experienced radiation-induced pneumonitis, but no patients 
developed drug-induced pneumonitis. It is important to note 
that no treatment-related deaths or cases of severe pneumo-
nitis were observed in the present study, and the AP chemo-
therapy regimen seemed to exhibit good compatibility with 
radiotherapy among LD-SCLC patients. There were also no 
treatment-related deaths in the abovementioned feasibility 
study of chemoradiotherapy followed by AP [14].

Regarding the radiotherapy protocol employed in the 
present study, we selected once-daily radiotherapy because 
no standard concurrent twice-daily regimen involving the 
administration of third-generation platinum doublet chemo-
therapy at 45 Gy/30 fr has been established. Turrisi et al. 
demonstrated the superiority of twice-daily radiotherapy 
over once-daily radiotherapy as a treatment for LD-SCLC. 
However, a total dose of 45 Gy was adopted in the once-
daily arm, and grade 3 esophagitis was significantly more 
common in the twice-daily arm [16]. Therefore, a phase 3 
trial, the CONVERT study, was designed to demonstrate 
the superiority of 45  Gy twice-daily radiotherapy over 
once-daily radiotherapy involving a higher dose of 66 Gy 
in the setting of concurrent chemotherapy [17]. Although 
no differences in survival outcomes were detected between 
the two groups, the median OS period of the twice-daily 
group was longer than that of the once-daily group (30 vs. 
25 months), and twice-daily radiotherapy continues to be 
considered the standard protocol. As a good response rate 
(88%) was observed in the present study, but none of the 
patients achieved complete remission, the use of twice-daily 
radiotherapy might improve the outcomes of such treatment 
for LD-SCLC.

As for the recommended dose of amrubicin that should be 
used in combination with a fixed dose of 60 mg/m2 cisplatin, 
40 mg/m2 was adopted in a phase I–II study [10]. However, 
because of the high incidence of severe hematological tox-
icities, the dose of amrubicin was reduced to 35 mg/m2 in a 
subsequent phase III study [12]. In another phase III study, 
40 mg/m2 amrubicin and 60 mg/m2 cisplatin were adopted, 

but 3 (2%) patients suffered treatment-related deaths, mainly 
due to myelosuppression [13]. Thus, 35 mg/m2 amrubicin 
and 60 mg/m2 cisplatin seems to be optimal regimen for 
treating SCLC with chemotherapy alone. As chemotherapy 
involving a third-generation cytotoxic agent plus cisplatin 
combined with concurrent thoracic radiotherapy requires 
about a 20% reduction in the dose of the third-generation 
cytotoxic agent compared with that used for chemotherapy 
alone [18], and a fixed dose of 60 mg/m2 cisplatin, it seems 
reasonable that the recommended dose of amrubicin was 
determined to 25 mg/m2 in the present study.

In conclusion, the use of the AP regimen in combination 
with TRT to treat LD-SCLC was examined. As a result, the 
MTD was determined to be 30 mg/m2 for amrubicin and 
60 mg/m2 for cisplatin, neutropenia and leukopenia were 
identified as DLT, and doses of 25 mg/m2 for amrubicin and 
60 mg/m2 for cisplatin were recommended.
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