Cancer Management and Research

Dovepress
open access to scientiﬁc and medical research

Cancer Management and Research downloaded from https://www.dovepress.com/ by 100.26.179.196 on 24-Jan-2020
For personal use only.

Open Access Full Text Article

Safety and efﬁcacy of amrubicin monotherapy in
patients with platinum-refractory metastatic
neuroendocrine carcinoma of the gastrointestinal
tract: a single cancer center retrospective study
This article was published in the following Dove Press journal:
Cancer Management and Research

Yusuke Kitagawa
Hiroki Osumi
Eiji Shinozaki
Yumiko Ota
Izuma Nakayama
Takeshi Suzuki
Takeru Wakatsuki
Takashi Ichimura
Mariko Ogura
Akira Ooki
Daisuke Takahari
Mitsukuni Suenaga
Keisho Chin
Kensei Yamaguchi
Department of Gastroenterology, Cancer
Institute Hospital, Japanese Foundation
for Cancer Research, Tokyo, Japan

Correspondence: Eiji Shinozaki
Department of Gastroenterology, The
Cancer Institute Hospital, Japanese
Foundation for Cancer Research, 3-8-31
Ariake, Koto-ku, Tokyo 135-8550, Japan
Tel +8 133 520 0111
Fax +8 133 570 0343
Email eiji.shinozaki@jfcr.or.jp

Purpose: Patients with gastrointestinal neuroendocrine carcinoma (GI-NEC) have poor
prognoses. Although platinum-based combination chemotherapy is commonly used as ﬁrstline treatment, the beneﬁt of amrubicin (AMR) and salvage chemotherapy in those who
develop platinum-refractory GI-NEC remains unknown. This study aimed to evaluate the
efﬁcacy and safety of AMR monotherapy in patients with platinum-refractory GI-NEC.
Patients and methods: Platinum-refractory GI-NEC patients who received AMR monotherapy between April 2012 and September 2017 were retrospectively analyzed. The overall
response rate (ORR), progression-free survival (PFS), overall survival (OS), and adverse
events were evaluated. PFS and OS were estimated using Kaplan-Meier methods and
compared using log-rank tests.
Results: In total, 16 patients were enrolled. Of them, 13 (81.3%), 1 (6.2%), and 2 (12.5%)
received cisplatin plus irinotecan, cisplatin plus etoposide, and ﬂuoropyrimidine plus platinum, respectively, before AMR monotherapy. The primary sites of NEC included the
esophagus (N=3, 18.8%), stomach (N=10, 62.5%), duodenum (N=1, 6.2%) and colorectum
(N=2, 12.5%). Patients were administered a median of 3 (range, 1–15) cycles of AMR. The
ORR was 6.3%, and the median PFS and OS were 2.9 months (95% CI: 1.7–7.4) and
13.8 months (95% CI: 7.9–23.5), respectively. Neutropenia was the most serious adverse
event. Grade 3 or higher neutropenia and febrile neutropenia occurred in 50.0% and 6.2% of
patients, respectively. Other nonhematological toxicities were not severe, and no treatmentrelated deaths occurred. The 10 patients who received subsequent chemotherapy after AMR
had signiﬁcantly longer OS than those who did not (17.3 months vs 8.9 months; p=0.018).
The median PFS of those who received organ-speciﬁc subsequent chemotherapy after AMR
was 3.8 months, which was longer than that of those who received prior AMR.
Conclusion: AMR is feasible with minimal side effects for platinum-refractory GI-NEC.
Organ-speciﬁc subsequent chemotherapy after AMR may improve patient survival.
Keywords: amrubicin monotherapy, platinum refractory, gastrointestinal neuroendocrine
carcinoma

Introduction
Neuroendocrine tumors (NETs) are diagnosed using their characteristic histologic
features and immunoproﬁles. In the recent World Health Organization (WHO)
classiﬁcation for gastroenterohepatic NETs, a grading system based on mitotic
count and the Ki-67 proliferation index is recommended for the classiﬁcation of
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NETs. Using this system, gastrointestinal NETs are classiﬁed into one of these three categories: NET grade G1,
NET grade G2, or neuroendocrine carcinoma (NEC).1
Among these three categories, NEC is a poorly differentiated, high-grade malignant tumor. It was previously
termed poorly differentiated neuroendocrine carcinoma
and includes small-cell carcinoma and large-cell NEC.
There are various primary sites of NEC, with gastrointestinal NEC (GI-NEC) being the most common, accounting
for 20–68% of cases of extra-pulmonary NEC.2
GI-NEC has an aggressive natural history that is characterized by early and widespread metastasis; at least 50.0% of
patients have distant metastases at diagnosis.3 Platinumcontaining chemotherapy is commonly used for the treatment
of advanced GI-NEC. In Japan, this includes etoposide plus
cisplatin (EP) or irinotecan plus cisplatin (IP), which are also
used for the treatment of small-cell lung carcinoma
(SCLC).2,4 For esophageal lesions, Chin et al reported an
83% response rate to IP.5 In addition, Okita et al reported
a 75% response rate in patients administered IP for gastric
NEC.6 The ﬁrst randomized phase III trial evaluating the
differences between EP and IP regimens in GI-NEC patients
is currently being conducted by the Japan Clinical Oncology
Group.7
Amrubicin (AMR), a topoisomerase II inhibitor,
showed an activity and tolerability when used as a secondline treatment in patients with refractory-relapsed SCLC
after ﬁrst-line platinum-based chemotherapy.8 However,
although AMR is similarly used as a second-line treatment
for GI-NEC patients for whom ﬁrst-line platinum-based
chemotherapy has failed,4,9–11 its efﬁcacy in this context
remains unclear. Regarding its safety, in a phase III trial in
which AMR was administered to non-small-cell lung cancer patients, grade 3 or higher neutropenia occurred in
82.7% of all patients.12 Although similar adverse events
are predicted in GI-NEC, its safety in GI-NEC patients
remains unclear. Therefore, the present study aimed to
evaluate the efﬁcacy and safety of AMR monotherapy as
a second-line treatment in patients with recurrent GI-NEC
after ﬁrst-line platinum-based chemotherapy.

Materials and methods
Patients
This retrospective study included patients diagnosed with
GI-NEC according to the WHO 2010 NET Grading system
and received AMR monotherapy after failure of a platinumbased chemotherapy regimen between April 2012 and
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September 2017 at the Cancer Institute Hospital of
Japanese Foundation for Cancer Research. All diagnoses
were performed, based on immunohistochemistry (IHC) in
addition to hematoxylin-eosin staining of the biopsy or surgical specimen. Chromogranin and synaptophysin were used
for the IHC staining. The present study was performed in
accordance with the Declaration of Helsinki and was
approved by the institutional review board (Registry no:
2018–1006). The protocol was described in the Web site of
the hospital, and the subjects were provided with the opportunity to opt out, and therefore, no new consent was required
from the patients.

Data collection
The medical records and imaging results were reviewed.
Data on the patient’s age, sex, Eastern Cooperative
Oncology Group Performance Status, primary lesion of
GI-NEC, histological type of the primary site, metastatic
sites, history of prior chemotherapy, starting dose of AMR,
number of cycles, tumor response, toxicity, date of disease
progression, and date of the last follow-up were obtained.

Treatment and evaluation
AMR was administered at a dose of 30–45 mg/m2 on days
1–3 every 3–4 weeks. Chest and abdominal tumors were
assessed at screening and after every 2–3 months using
computed tomography or magnetic resonance imaging.
The overall tumor response was assessed according to
the Response Evaluation Criteria in Solid Tumors v1.1,
and toxicity was graded according to the Common
Terminology Criteria for Adverse Events v4.0.
Progression-free survival (PFS) was measured from the
date of initiation of AMR therapy to the date on which
disease progression was conﬁrmed or the ﬁnal day of
follow-up without disease progression. Overall survival
(OS) was measured from the date of initiation of AMR
therapy until the ﬁnal date of follow-up.

Statistical analysis
PFS and OS rates were estimated using the Kaplan-Meier
method and compared using the log-rank test. All statistical analyses were performed with EZR (Saitama Medical
Center, Jichi Medical University, Saitama, Japan), which is
a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). All P-values are
two-sided, and P<0.05 was considered signiﬁcant.
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Results
Patient characteristics
The baseline clinical characteristics of the 16 patients are
summarized in Table 1. The median follow-up period at the
time of the analysis was 9.0 months (range, 1.1–25.8 months).
The primary site of the lesion was the esophagus, stomach,
duodenum, and colorectum in 3, 10, 1, and 2 patients,

respectively. All patients were diagnosed with NEC based on
a biopsy specimen. Chromogranin and synaptophysin were
used for all patients (100%) as the IHC staining and CD56
was used for 9 patients (56.3%). For ﬁrst-line chemotherapy,
15 patients received a cisplatin-containing regimen: 13 patients
were treated with cisplatin plus irinotecan, 1 patient with
cisplatin plus etoposide, and 1 patient with cisplatin plus capecitabine. The remaining patient who was not administered
a cisplatin-containing regimen was treated with oxaliplatin
plus S-1.

Table 1 Baseline patient characteristics (N=16)
Characteristics

N (%)

Age at enrollment in years, median (range)

65 (60–75)

Sex
Male

14 (87.5%)

Female

2 (12.5%)

ECOG PS
0

15 (93.8%)

1

1 (6.2%)

Site of primary lesion
Esophagus

3 (18.8%)

Stomach

10 (62.5%)

Duodenum
Colorectum

1 (6.2%)
2 (12.5%)

Histological type
NEC

16 (100%)

Metastatic site
Liver

11 (68.8%)

Lymph nodes

8 (50.0%)

Lung
Other

2 (12.5%)
2 (12.5%)

Number of previous chemotherapy regimens
1
≦2

14 (87.5%)
2 (12.5%)

Treatment outcomes and adverse events
The initial dose of AMR was determined by the treating
physician with consideration of the patient’s characteristics.
The dose varied between patients, but the majority (N=11)
received a dose of 40 mg/m2/day. All patients received AMR
monotherapy every 3 or 4 weeks. The median number of
cycles per patient was three (range, 1–15) (Table 1). The
overall response rate (ORR) was 6.2%, and the disease control rate was 43.8% (Table 2). The median PFS and OS were
2.9 months (95% conﬁdence interval [CI], 1.7–7.4) and
13.8 months (95% CI, 7.9–23.5), respectively (Figure 1).
Median PFS in esophageal, gastric, duodenum and colorectal
were 2.1 month, 3.7 months, 1.1 months and 5.4 months,
respectively (p=0.09). Ten patients (62.5%) received subsequent chemotherapy after AMR administration (Table 3).
Although the median PFS of the patients who received
AMR was not signiﬁcantly different between those who did
and did not receive subsequent chemotherapy (2.1 months vs
3.7 months, p=0.89), the median OS for those who received
supportive care only after AMR was signiﬁcantly lower than
those who were administered subsequent chemotherapy
(8.9 months (95% CI, 1.1-not applicable (NA)) vs
17.3 months (95% CI, 5.9–NA); p=0.018; Figure 2). The
median PFS of those who received organ-speciﬁc subsequent

First-line chemotherapy regimens
CDDP + irinotecan

13 (81.4%)

CDDP + ETP
CDDP + capecitabine

1 (6.2%)
1 (6.2%)

Oxaliplatin + S-1

1 (6.2%)

Table 2 Efﬁcacy of AMR monotherapy
N (%)
Objective response rate

Starting dose of AMR (mg/m2/day)

Complete response

0 (0%)

11 (68.8%)

Partial response
Stable disease

1 (6.2%)
6 (37.6%)

35

2 (12.5%)

Progressive disease

8 (50.0%)

30

2 (12.5%)

Not evaluated

1 (6.2%)

45

1 (6.2%)

40

No. of cycles, median (range)

3 (1–15)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group Performance
Status; NEC, neuroendocrine carcinoma; CDDP, cisplatin; ETP, etoposide; AMR,
amrubicin; S-1, tegafur/gimeracil/oteracil.
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Overall response rate (%)

6.3 (95% CI: 0.2–30.2)

Disease control rate (%)

43.8 (95% CI: 19.8–70.1)

Abbreviations: AMR, amrubicin; CI, conﬁdence interval.
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Figure 1 (A) Progression-free survival and (B) overall survival in all patients after ﬁrst-line chemotherapy.
Abbreviations: PFS, progression free survival; OS, overall survival.

Table 3 Subsequent chemotherapy after AMR monotherapy

1.0

Subsequent chemotherapy (N=10)
Median OS 17.3 months (range 5.9-NA)

N (%)

Best supportive care (N=6)
Median OS 8.9 months (range 1.1-NA)

0.8

Yes

10 (62.5%)

No

6 (37.5%)

Chemotherapy regimen after AMR
PAC+RAM
PAC

4 (40%)
2 (20%)

DOC

1 (10%)

FOLFOX+Bev
CPT-11

1 (10%)
1 (10%)

Other

3 (30%)

Subsequent chemotherapy

17.3 (95% CI: 5.9-NA)

Best supportive care

8.9 (95% CI: 1.1-NA)

Abbreviations: PAC, paclitaxel; RAM, ramucirumab; DOC, docetaxel; FOLFOX,
ﬂuorouracil, leucovorin and oxaliplatin; Bev, bevacizumab; CPT-11, irinotecan; OS,
overall survival; AMR, amrubicin.
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p=0.018

0.6

0.4

0.2

0.0

Median OS (months)
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Overall survival

Chemotherapy after AMR

chemotherapy after AMR was 3.7 months, which was longer
than that of those who received prior AMR. The most common adverse event was hematological toxicity, with grade 3
or higher neutropenia observed in 8 (50.0%) patients (Table
4). Febrile neutropenia was observed in one patient (6.2%).
Other nonhematological toxicities were less frequent; any
grade 3 or higher adverse events were not observed. No
treatment-related deaths occurred.
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Figure 2 Overall survival of patients who received subsequent chemotherapy after
amrubicin or supportive care only.
Abbreviations: OS, overall survival; NA, not applicable.

Table 4 Grade 3 or higher treatment-related toxicities
Toxicity

N (%)

Hematotoxicity
Neutropenia

8 (50.0)

Anemia

0 (0)

Nonhematologic toxicity
Febrile neutropenia

1 (6.2)
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Discussion
This retrospective study evaluated the efﬁcacy and safety
of AMR monotherapy as a second-line treatment for GINEC. The results indicate that AMR monotherapy is
a feasible treatment and that organ-speciﬁc subsequent
chemotherapy after AMR may result in improved OS.
When the efﬁcacy of AMR monotherapy as a second-line
treatment for GI-NEC in this study and in previous reports
are compared, the following is observed. In this study, the
disease control rate was 43.8%, and the median PFS and OS
were 2.9 and 13.8 months, respectively. Meanwhile, in the
ﬁrst report of AMR monotherapy for 5 case series of platinum-refractory GI-NEC, Asayama et al4 reported a 60% (3/5
patients) partial response rate. Moreover, the OS in the four
previous reports of AMR was shorter than that of the present
study, ranging from 5 months to 7.7 months (Table 5).4,9–11
For subsequent chemotherapy, the chemotherapeutic regimen was selected according to the primary organ based on
previous studies reporting the possibility of differences in
treatment efﬁcacy depending on the primary site of the
tumor.13,14 Dasari et al reported that survival differed

depending on the primary site of the tumor even in patients
with GI-NEC.15
In our study, we diagnosed NEC using biopsy specimen
only and gastric NEC was most frequent in this analysis
(62.5%). Regarding gastric cancer, several studies have
demonstrated its intratumor heterogeneity at molecular, histological, and phenotypic levels.16 Thus, we thought several
cases in gastric NEC contained adenocarcinoma component,
and in those cases, organ-speciﬁc chemotherapy might have
efﬁcacy. Furthermore, 2nd line chemotherapy of gastric cancer
contained ramucirumab, might be effective for NEC. Mishima
et al reported that ramucirumab-containing chemotherapy has
greater efﬁcacy for gastric NEC than that in gastric adenocarcinoma. They showed that the median degree of vascular
VEGFR2 expression was higher in gastric NEC, and this
might be because ramucirumab-containing chemotherapy
showed a promising activity.17 These results indicate that
chemotherapy after AMR, selected according to the primary
site of the lesion, has the potential to improve patient survival.
With regard to adverse events, grade 3 or higher neutropenia was the most common adverse event, occurring in 50.0% of

Table 5 Patient characteristics and adverse events with AMR monotherapy in previous reports
Asayama et al4

Ando et al9

Nio et al10

Araki et al11

N (%)

N (%)

N (%)

N (%)

Number of patients

5

10

13

19

Age (years), median (range)

60 (60–70)

62 (52–78)

64 (50–76)

63 (39–81)

Sex
Female

1 (20.0)

2 (20.0)

3 (23.1)

15 (78.9)

Male

4 (80.0)

8 (80.0)

10 (76.9)

4 (21.1)

3 (60.0)
2 (40.0)

6 (60.0)
4 (40.0)

12 (92.3)
1 (7.7)

18 (94.7)
1 (5.3)

ECOG PS
0–1
2
Site of primary lesion
Esophagus

3 (60.0)

2 (20.0)

2 (15.4)

8 (42.1)

Stomach

0 (0)

5 (50.0)

6 (46.2)

4 (21.1)

Intestine
Colorectum

0 (0)
2 (40.0)

1 (10.0)
1 (10.0)

0 (0)
3 (23.1)

0 (0)
5 (26.3)

Other

0 (0)

1 (10.0)

2 (15.4)

2 (10.5)

Lymph nodes

4 (80.0)

9 (90.0)

11 (84.6)

15 (78.9)

Lung
Liver

2 (40.0)
1 (20.0)

0 (0)
6 (60.0)

4 (30.8)
9 (69.2)

4 (21.1)
15 (78.9)

Peritoneum

1 (20.0)

1 (10.0)

4 (30.8)

0 (0)

Bone
Other

1 (20.0)
1 (20.0)

0 (0)
0 (0)

2 (15.4)
6 (46.2)

2 (10.5)
0 (0)

Site of metastasis

(Continued)
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Prior chemotherapy regimen
CDDP-based

Ando et al9

Nio et al10

Araki et al11

N (%)

N (%)

N (%)

N (%)

5 (100)

9 (90.0)

12 (92.3)

18 (94.7)

CBDCA-based

0 (0)

1 (10.0)

2 (15.4)

1 (5.3)

Others

0 (0)

0 (0)

0 (0)

0 (0)

Leukopenia
Neutropenia

4 (80.0)
4 (80.0)

2 (20.0)
4 (40.0)

10 (76.9)
11 (84.6)

7 (36.8)
10 (52.6)

Thrombocytopenia

1 (20.0)

0 (0)

4 (30.8)

1 (5.3)

Anemia

3 (60.0)

5 (50.0)

4 (30.8)

4 (21.1)

1 (20.0)
0 (0)

0 (0)
3 (30.0)

4 (30.8)
3 (23.1)

2 (10.5)
0 (0)

Median PFS (months)

5.4

2.6

3.6

3.8

Median OS (months)

7.2

5.0

7.2

7.7

Hematotoxicity

Nonhematologic toxicity
Febrile neutropenia
Others

Abbreviations: CBDCA, Carboplatin; PFS, progression-free survival; AMR, amrubicin; OS, overall survival; CDDP, cisplatin ECOG PS, Eastern Cooperative Oncology
Group Performance Status.

patients. Febrile neutropenia was observed in just one patient
(6.3%). These results are similar to those of previous reports, in
which the incidence of grade 3 of higher neutropenia ranged
between 40% and 80% (Table 5).4,7–9 To manage neutropenia,
the initial dose of AMR was adjusted according to patients’
status, such as their performance status or major organ function. To manage hematotoxicity, we found that it was feasible
to adjust the dose intensity according to patient status.
However, dose adjustment also has the potential to inﬂuence
treatment efﬁcacy. Additionally, the use of granulocyte-colony
stimulating factor (G-CSF) has the potential to shorten the
duration and severity of neutropenia. In a previous report on
the use of AMR for SCLC, the researchers suggested that
routine prophylactic use of G-CSF may be more desirable for
the treatment of neutropenia in clinical practice.18 However, as
dose intensity reﬂects treatment outcomes in GI-NEC patients
who receive AMR monotherapy remains unclear; therefore,
further studies to evaluate the efﬁcacy of AMR monotherapy in
combination with PEG G-CSF are needed.
There were several limitations to this study. First, this
was a retrospective study with a small sample size. In
addition, the adjustment of the initial dose of AMR
according to patient status may have inﬂuenced the efﬁcacy of AMR monotherapy. Furthermore, as NEC in this
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study was diagnosed via biopsy specimens, the possibility of a mixture of adenocarcinomas including mixed
adenoneuroendocrine carcinoma could not be ruled out.
In the viewpoint of efﬁcacy of organ-dependent chemotherapy, the comorbidity of adenocarcinoma should
be investigated.

Conclusion
AMR monotherapy was effective and safe when used for
the treatment of platinum-refractory GI-NEC. Organspeciﬁc subsequent chemotherapy after AMR may
improve patient survival.

Abbreviations list
AMR, amrubicin; EP, etoposide plus cisplatin; G-CSF,
granulocyte-colony stimulating factor; GI-NEC, gastrointestinal neuroendocrine carcinoma; IP, irinotecan plus cisplatin; NEC, neuroendocrine carcinoma; NETs,
neuroendocrine tumors; ORR, overall response rate;
ORR, overall response rate; OS, overall survival; PFS,
progression-free survival; SCLC, small-cell lung carcinoma; WHO, World Health Organization; IHC,
immunohistochemistry; S-1; tegafur/ gimeracil/ oteracil.
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