
Abstract. Background: Concurrent chemoradiotherapy
(CCRT) is the gold standard for limited-stage small-cell lung
cancer (LS-SCLC); however, most patients inevitably
experience relapse. We hypothesized consolidation amrubicin
following CCRT to be a potential treatment for LS-SCLC.
Patients and Methods: All enrolled patients were treated
using induction CCRT consisting of four cycles of etoposide
and cisplatin plus concurrent thoracic radiotherapy. Eligible
patients then received three cycles of amrubicin as
consolidation therapy (consolidation population). The
primary endpoint was the 2-year progression-free survival
rate in the consolidation population. Results: Of the 36
intention-to-treat patients, 28 (78%) received amrubicin and
24 (67%) completed all planned treatments. The 2-year
progression-free survival rate and overall response rate were
35.7% and 86%, respectively. The median progression-free
and overall survival were 14.3 and 60.9 months, respectively.
There were no treatment-related deaths in the intention-to-
treat population. Conclusion: This study was terminated due

to slow patient accrual; however, this treatment strategy was
feasible and demonstrated promising efficacy.

Approximately 15% of all lung cancers are diagnosed as
small-cell lung cancer (SCLC), and approximately one-third
are classified as limited-stage (LS)-SCLC in the US (1). For
decades, the standard treatment for LS-SCLC has been
concurrent chemoradiotherapy (CCRT), consisting of four
cycles of etoposide and cisplatin plus concurrent thoracic
radiotherapy (TRT) (2-4). Although SCLC is highly sensitive
to both chemotherapy and radiotherapy, most patients
eventually experience relapse, resulting in only one out of
four patients surviving for more than 5 years (3, 4). 

Amrubicin, a fully synthetic 9-aminoanthracycline, is
converted to an active metabolite, amrubicinol, by reduction
of the 13-position ketone. Amrubicin has a structure similar to
that of doxorubicin, which mainly acts as a DNA intercalator,
whereas amrubicin and amrubicinol have cytotoxic effects as
DNA topoisomerase II inhibitors instead of DNA intercalators
(5). Although a phase III study failed to demonstrate the
superiority of amrubicin in terms of overall survival (OS)
compared with standard topotecan in patients with relapsed
SCLC, the overall response rate (ORR) and progression-free
survival (PFS) were significantly better in the amrubicin arm.
Of note, the OS was significantly better in the amrubicin arm
in the refractory relapsed subset (6). Since its approval in
2002, amrubicin has been widely used as a standard second-
line treatment for SCLC in Japan. 

LS-SCLC is potentially curable by chemoradiotherapy;
however, once relapsed, it is markedly difficult to cure.

897

This article is freely accessible online.

Correspondence to: Young Hak Kim, MD, Ph.D., Department of
Respiratory Medicine, Graduate School of Medicine, Kyoto
University, 54 Shogoin-Kawaharamachi Sakyo-Ku, 606-8507 Kyoto,
Japan. Tel: +81 757513830, Fax: +81 757514643, e-mail:
ekim@kuhp.kyoto-u.ac.jp

Key Words: LS-SCLC, chemoradiotherapy, consolidation, amrubicin.

in vivo 34: 897-902 (2020)
doi:10.21873/invivo.11855

Phase II Study of Consolidation Amrubicin After 
Concurrent Chemoradiotherapy in Patients 
With Limited-stage Small-cell Lung Cancer

HIRONORI YOSHIDA1, HIROKI NAGAI2, YUICHI SAKAMORI2, HIROAKI OZASA1, 
TAKASHI NISHIMURA3, KEISUKE TOMII4, TOYOHIRO HIRAI1, YUKINORI MATSUO5, 

YUSUKE IIZUKA5, TAKASHI MIZOWAKI5, KENICHI YOSHIMURA6 and YOUNG HAK KIM1

1Department of Respiratory Medicine, Graduate School of Medicine, Kyoto University, Kyoto, Japan;
2Department of Therapeutic Oncology, Graduate School of Medicine, Kyoto University, Kyoto, Japan;

3Department of Respiratory Medicine, Kyoto Katsura Hospital, Kyoto, Japan;
4Department of Respiratory Medicine, Kobe City Medical Center General Hospital, Kobe, Japan;

5Department of Radiation Oncology and Image-applied Therapy, 
Graduate School of Medicine, Kyoto University, Kyoto, Japan;

6Center for Integrated Medical Research, Hiroshima University Hospital, 
Hiroshima University, Hiroshima, Japan



Therefore, potentiating initial treatment is essential for
improving the cure rate in patients with LS-SCLC.
Considering its efficacy, especially for refractory relapsed
SCLC, we considered the integration of amrubicin into the
initial treatment for LS-SCLC to be a promising strategy.
Thus, we conducted a phase II study to evaluate the safety
and efficacy of consolidation amrubicin following standard
CCRT in patients with LS-SCLC. 

Patients and Methods
Patient selection. Patients with histologically or cytologically
confirmed LS-SCLC were eligible for the study. LS-SCLC was
defined as disease confined to one hemithorax, including the
ipsilateral hilar, bilateral mediastinal, and bilateral supraclavicular
lymph node metastases. Pleural effusion of less than 1 cm by chest
computed tomography (CT) was allowed, but patients with
malignant pleural effusion were excluded. Each patient was required
to meet the following criteria: No prior chemotherapy or
radiotherapy, age 20-74 years, Eastern Cooperative Oncology Group
performance status (ECOG PS) of 0 or 1, measurable lesions,
adequate hematological function [white blood cell count (WBC)
≥3,000/mm3; platelets ≥100,000/mm3; hemoglobin ≥9.0 g/dl], and
sufficient hepatic function [aspartate aminotransferase (AST) and
alanine aminotransferase (ALT) ≤100 IU/l; total bilirubin ≤1.5
mg/dl] and renal function (creatinine ≤1.5 mg/dl). Patients with
pericardial effusion, active concomitant malignancy, prior second
primary cancer, active infection, severe heart disease, history of
myocardial infarction in the previous 3 months, unstable angina,
uncontrollable diabetes mellitus or hypertension, interstitial
pneumonia or active lung fibrosis on chest radiograph, or
psychiatric disease were excluded. This study was approved by the
Institutional Review Board of each participating institution. Written
informed consent was received from all patients (Clinical trial
registration: UMIN000002352).

Treatment schedule. The study schema is shown in Figure 1.
Induction treatment, consisting of etoposide at 100 mg/m2 on days
1-3 and cisplatin at 60 mg/m2 on day 1, was started within 7 days
from registration. Etoposide was administered as a 1- to 2-h
intravenous infusion, and cisplatin as a 1- to 2-h intravenous

infusion with sufficient hydration. TRT was started on day 1 of the
first cycle of etoposide-cisplatin and administered at a fraction dose
of 1.5 Gy twice daily to a total dose of 45 Gy in 3 weeks. The
second cycle of etoposide-cisplatin was given 4 weeks after the first
cycle of etoposide-cisplatin, and an additional three cycles of
etoposide-cisplatin was continued every 3 weeks unless the disease
progressed or intolerable toxicities were observed. All the patients
who were enrolled in the study were defined as the intention-to-treat
(ITT) population.

After the induction treatment, patients were reassessed for the
following criteria for the administration of consolidation amrubicin:
completion of the defined induction treatment, no progressive
disease [complete response (CR), partial response (PR), or stable
disease (SD)] within 42 days from the start of the fourth cycle of
etoposide-cisplatin, ECOG PS of 0-2, WBC ≥3,000/mm3, platelets
≥100,000/mm3, bilirubin ≤1.5 mg/dl, AST and ALT ≤100 IU/l,
creatinine ≤2.0 mg/dl, fever <37.5˚C, no active infection, radiation
dermatitis or esophagitis of grade 2 or less, and no pulmonary
infiltration beyond the irradiated field. All eligible patients received
three cycles of amrubicin at 40 mg/m2 on days 1-3 every three
weeks (consolidation population). Amrubicin was administered as
a 5-min intravenous injection. Prophylactic cranial irradiation (PCI)
was optional for patients who achieved CR or near CR by the
above treatment.

Thoracic radiotherapy. TRT was delivered from megavoltage
equipment (6-10 MV) at a fraction dose of 1.5 Gy twice daily, with
at least a 6-h interval between the fractions, to a total dose of 45
Gy in 30 fractions in 3 weeks. All patients underwent three-
dimensional treatment-planning computed tomography within 7
days before the start of the treatment. The gross tumor volume
(GTV) included the pretreatment primary GTV and metastatic
lymph nodes of 1 cm or larger in the short axis diameter on
computed tomographic images. The clinical target volume (CTV)
was equal to the GTV and uninvolved mediastinal and ipsilateral
hilar nodes. The other regions were not routinely included unless
metastatic nodes were noted. The contralateral hilar lymph node
was excluded from the CTV. The planning target volume (PTV)
included the CTV plus sufficient margins (typically 0.5-1.0 cm
laterally and 1.0-2.0 cm craniocaudally). The volume of the lung
unaffected by cancer which would receive 20 Gy or more was kept
to 35% or less. Heterogeneity corrections were applied to monitor
unit calculations.
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Figure 1. Study schema. bid: Twice daily; CR: complete response; i.v.: Intravenously; LS-SCLC: limited-stage small-cell lung cancer; PCI:
prophylactic cranial irradiation; PR: partial response; PS: performance status; SD: stable disease; TRT: thoracic radiotherapy. 



Evaluation of toxicity and dose modification. Toxicity was evaluated
based on the National Cancer Institute-Common Terminology
Criteria, version 4.0 (7). Blood tests and chest x-ray were required
at least once a week during TRT, and at least once 2 weeks after the
completion of TRT. If patients had WBC <1,000/mm3, neutrophils
<500/mm3, platelets <25,000/mm3, or grade 3 non-hematological
toxicities other than nausea, vomiting, fatigue, alopecia, and
transient electrolyte disturbances, the doses of etoposide, cisplatin,
and amrubicin were reduced by 20, 10, and 5 mg/m2, respectively,
in subsequent cycles. If the creatinine level was greater than 1.5
mg/dl during the etoposide-cisplatin treatment, the dose of cisplatin
was reduced to 50 mg/m2. The next cycle of etoposide-cisplatin was
started when a patient had a WBC ≥3,000/mm3, platelets
≥100,000/mm3, bilirubin ≤2.0 mg/dl, AST and ALT ≤100 IU/l,
creatinine ≤1.5 mg/dl, PS of 0-2, and fever <37.5˚C. Amrubicin was
started when a patient had a WBC ≥3,000/mm3, platelets
≥100,000/mm3, bilirubin ≤2.0 mg/dl, AST and ALT ≤100 IU/l,
creatinine ≤2.0 mg/dl, PS of 0-2, and fever <37.5˚C. If PS of 3 or
4, grade 2 pneumonitis or pulmonary infiltrates, or a fever of 38.0°C
or higher developed, radiotherapy was withheld until recovery. If
toxicities persisted and patients did not meet the above criteria for
up to 14 days from the completion of the previous cycle of
chemotherapy or from the termination of TRT, the study treatment
was terminated. Use of granulocyte colony stimulating factor (G-
CSF) agents was allowed at the discretion of the treating physician,
but prophylactic use was permitted only during the consolidation
phase. 

Evaluation of tumor response. Tumor response was assessed after
the completion of TRT, during 8 to 28 days from the start of the
fourth cycle of etoposide-cisplatin, and after the last cycle of
amrubicin. Post-treatment evaluation was performed every 2 months
until death or progressive disease. The ORR was evaluated
according to the Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 (8). 

Statistical analyses. The primary endpoint of the study was the 2-
year PFS rate in the consolidation population. The secondary
endpoints were the ORR, PFS, OS, and toxicities in the ITT and
consolidation populations. The targeted sample size was 33 for the
consolidation population, with a one-sided alpha of 0.1, a beta of
0.2, and expected and threshold 2-year PFS rates of 40% and 25%,
respectively. Assuming the CCRT consisting of TRT and four cycles
of etoposide-cisplatin to be completed by 85% of the patients, and

a disease control rate of 95%, a total of 41 patients were required
for the ITT population. If fewer than eight patients completed the
three cycles of consolidation amrubicin among the first 17 patients,
the study was to be terminated due to unfeasibility. The PFS and
OS were estimated using the Kaplan-Meier method. The PFS was
measured from the date of the first registration to disease
progression, death from any cause, or the last follow-up. OS was
measured from the date of the first registration to the date of death
from any cause or the last follow-up. Patients who were lost to
follow-up without events were censored at the last known date of
follow-up. All patients who received at least one cycle of
chemotherapy were considered assessable for response evaluation,
and toxicity. All analyses were performed using JMP 14 software
(SAS Institute, Cary, NC, USA).

Results

Patient characteristics. Between January 2010 and
September 2016, 36 patients were enrolled in this study.
Patient characteristics in the ITT population are listed in
Table I. The median age was 65 years (range=54 to 75
years), 25 (69%) patients were male, and 30 (83%) patients
had an ECOG PS of 0.

Treatment delivery. All 36 patients completed the TRT of 45
Gy and 31 (86%) completed the four cycles of etoposide-
cisplatin (Table II). The reasons for discontinuation of
etoposide-cisplatin treatment were persisting toxicity in four
(two of neutropenia, and one each of esophagitis, and
creatinine increase) and cancer-unrelated death in one.
Among the 31 patients who completed the induction phase,
three did not enter the consolidation phase (one with
progressive disease, one due to toxicity, and one patient
refusal). Patient characteristics for the consolidation
population are also listed in Table I. Of the ITT population,
28 (78%) entered the consolidation phase and 24 (67%)
completed the planned three cycles of amrubicin (Table II).
The reasons for discontinuation of amrubicin were patient
refusal for one and worsening of radiation pneumonitis for
three. Dose adjustment for etoposide-cisplatin and amrubicin
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Table I. Patient characteristics. 

ITT population Consolidation population
(N=36) (N=28)

Age Median (range) 65 (54-75) 64 (54-74)
Gender Male 25 (69%) 18 (64%)

Female 11 (31%) 10 (36%)
ECOG PS 0 30 (83%) 22 (79%)

1 6 (17%) 6 (21%)

ITT: Intention-to-treat; ECOG: Eastern Cooperative Oncology Group; PS:
performance status.

Table II. Treatment delivery. 

Treatment cycle Cycle n (%)

Etoposide/cisplatin 1 36 (100)
2 34 (94)
3 33 (92)
4 31 (86)

Amrubicin 1 28 (78)
2 26 (72)
3 24 (67)

ITT: Intention-to-treat; ECOG: Eastern Cooperative Oncology Group; PS:
performance status.



was required in 11 (31%) and one patient (4%), respectively.
After the completion of all planned treatments, 18 out of 24
patients (75%) received PCI.

Response and survival. Antitumor responses are shown in
Table III. In the induction phase, seven (19%) patients
achieved CR and 23 (64%) had PR with an ORR of 83%
[95% confidence interval (CI)=68-92%]. In the consolidation
phase, 2 (7%) had PR with an ORR of 7% (95% CI=2-23%).
Consequently, the ORR was 86% (95% CI=69-94%) in the
consolidation population. The median PFS was 13.4 (95%
CI=7.5-19.0) months and 14.3 (95% CI=10.8-46.6) months
in the ITT and consolidation populations, respectively. The
2-year PFS rate was 30.6% (95% CI=18.0-46.9%) and
35.7% (95% CI=20.7-54.2%) in the ITT and consolidation
populations, respectively (Figure 2A). After a median
follow-up of 29.8 months (range=6.6-102.4 months), the
median OS was 60.9 months (95% CI=29.8 months-not
reached) and 60.9 months (95% CI=29.8 months-not
reached) in the ITT and consolidation populations,
respectively (Figure 2B).

Toxicity. Both hematological and non-hematologic toxicities
are summarized in Table IV. During the induction phase,
grade 3 or 4 neutropenia developed in 36 (100%) patients,
thrombocytopenia in five (14%), and febrile neutropenia in
seven (19%). G-CSF was required for 32 (89%) patients, but
none required red blood cell or platelet transfusion. Grade 3
creatinine increase, anorexia, stomatitis, and esophagitis
were observed in one (3%) patient each. 

During the consolidation phase, grade 3 or 4 neutropenia
developed in 11 (39%) patients, anemia in seven (25%),
thrombocytopenia in four (14%), and febrile neutropenia in
two (7%). G-CSF was administered to 18 (64%) patients, of
whom six (33%) received it as primary prophylaxis. Two
(7%) patients required red blood cell transfusion, but none
required platelet transfusion. Five (18%) patients developed

grade 3 pneumonitis; all cases were considered radiation-
associated pneumonitis and steroid-sensitive. There were no
treatment-related deaths in the ITT population. 

Discussion

In this study, we evaluated the safety and efficacy of
consolidation amrubicin following standard CCRT. This
study was terminated due to slow patient accrual. Therefore,
no statistical conclusions can be made. However, this
treatment strategy was feasible and demonstrated promising
efficacy. 

For decades, the standard treatment for LS-SCLC has
been CCRT consisting of four cycles of etoposide-cisplatin
plus concurrent TRT, associated with a 5-year survival rate
of approximately 25%. New treatment strategies are eagerly
anticipated to improve outcomes in this setting. One such
attempt is to modify the TRT dose and schedule. The
CONVERT study team conducted a randomized phase III
study comparing two different radiation schedules: 45 Gy in
30 twice-daily fractions of 1.5 Gy versus 66 Gy in 33 once-
daily  fractions of 2 Gy in combination with 4-6 cycles of
etoposide-cisplatin; however, there was no significant
survival difference between the two arms (9). 

Another such approach is to modify the chemotherapy
regimen. The Japan Clinical Oncology Group (JCOG)
demonstrated significant OS benefits of irinotecan plus
cisplatin over etoposide-cisplatin for extensive-stage SCLC
(10). Based on the results, JCOG conducted a randomized
phase III study comparing irinotecan plus cisplatin with
etoposide-cisplatin following concurrent TRT concomitant with
one cycle of etoposide-cisplatin in patients with LS-SCLC;
however, irinotecan plus cisplatin failed to exhibit any survival
advantages (11). Recently, a Japanese group conducted a
feasibility study of amrubicin plus cisplatin following
concurrent TRT concomitant with one cycle of etoposide-
cisplatin in patients with LS-SCLC, and reported 5-year PFS
and OS rates of 41.9% and 57.8%, respectively. Although
hematological toxicities were severe, and all patients developed
grade 3 or 4 neutropenia and required G-CSF support, these
data are encouraging (12). Combined with our results, the data
show the strategy of consolidation amrubicin after CCRT in
LS-SCLC is promising and warrants further investigation.

In recent years, immune checkpoint inhibitors have been
extensively investigated for many malignancies, including
SCLC, and atezolizumab, an antibody against programmed
death-ligand 1, significantly improved the survival from
extensive-stage SCLC in combination with chemotherapy
(13). Future studies for LS-SCLC should focus on immune
checkpoint inhibitors, and there are several on-going studies
using them to target LS-SCLC. However, as chemotherapy
is the mainstay in the treatment of SCLC, continuous effort
to improve its effectiveness is essential.
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Table III. Antitumor response.

Phase

Induction Consolidation 
(n=36) (n=28)

Overall No. of patients with response 30 2
response Percentage of patients (95% CI) 83 (68-92) 7 (2-23)

Objective Complete response 7 (19) 0 (0)
response Partial response 23 (64) 2 (7)

Stable disease 2 (6) 23 (82)
Progressive disease 1 (3) 3 (11)
Not evaluable 3 (8) 0 (0)

CI: Confidence interval. 



Conclusion

This study was terminated due to slow patient accrual;
however, consolidation amrubicin following standard CCRT
consisting of four cycles of etoposide-cisplatin plus
concurrent TRT was feasible and demonstrated promising
efficacy in patients with LS-SCLC.
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Figure 2. Kaplan-Meier curves for progression-free survival (PFS) (A) and overall survival (OS) (B). CI: Confidence interval; ITT: intention-to-
treat; NR: not reached.

Table IV. Hematological and non-hematological toxicities. 

Induction phase (n=36) Consolidation phase (n=28)

Grade 0 1 2 3 4 ≥3, n (%) 0 1 2 3 4 ≥3, n (%)

Neutropenia 0 0 0 7 29 36 (100) 10 4 3 6 5 11 (39)
Anemia 5 5 26 0 0 0 (0) 5 5 11 7 0 7 (25)
Thrombocytopenia 14 12 5 4 1 5 (14) 17 4 3 4 0 4 (14)
Febrile neutropenia 29 0 0 6 1 7 (19) 26 0 0 2 0 2 (7)
Bilirubin 34 0 2 0 0 0 (0) 27 1 0 0 0 0 (0)
AST increase 27 9 0 0 0 0 (0) 20 8 0 0 0 0 (0)
ALT increase 25 11 0 0 0 0 (0) 24 3 1 0 0 0 (0)
Creatinine increase 23 7 5 1 0 1 (3) 24 4 0 0 0 0 (0)
Nausea 15 19 2 0 0 0 (0) 19 8 1 0 0 0 (0)
Vomiting 33 3 0 0 0 0 (0) 28 0 0 0 0 0 (0)
Fatigue 8 24 4 0 0 0 (0) 10 15 3 0 0 0 (0)
Anorexia 11 17 7 1 0 1 (3) 15 12 1 0 0 0 (0)
Diarrhea 33 2 1 0 0 0 (0) 27 1 0 0 0 0 (0)
Constipation 14 22 0 0 0 0 (0) 22 6 0 0 0 0 (0)
Stomatitis 28 7 0 1 0 1 (3) 22 6 0 0 0 0 (0)
Alopecia 13 18 5 0 0 0 (0) 14 12 2 0 0 0 (0)
Pneumonitis 32 3 1 0 0 0 (0) 6 8 9 5 0 5 (18)
Rash 32 4 0 0 0 0 (0) 25 3 0 0 0 0 (0)
Esophagitis 13 19 3 1 0 1 (3) 28 0 0 0 0 0 (0)

AST: Aspartate aminotransferase; ALT: alanine aminotransferase. 
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