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Amrubicin monotherapy may be an effective second-line
treatment for patients with large-cell neuroendocrine carcinoma
or high-grade non-small-cell neuroendocrine carcinoma
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Abstract. There is no standard chemotherapy for pulmonary
large-cell neuroendocrine carcinoma (LCNEC) and this type
of cancer is difficult to diagnose using biopsy specimens. At
the Shizuoka Cancer Center, when small biopsy specimens
are used, they are diagnosed as high-grade non-small-cell
neuroendocrine carcinoma (HNSCNEC) and the patients
are treated according to the small-cell lung cancer (SCLC)
guidelines. Amrubicin is an effective second-line treatment
for patients with SCLC, although it remains unclear whether
amrubicin monotherapy is effective for patients with LCNEC
or HNSCNEC. Between September, 2004 and December,
2013, 18 patients with advanced LCNEC or HNSCNEC
received amrubicin monotherapy in the second-line setting.
The efficacy and toxicity of this treatment were retrospectively
assessed. A total of 6 patients had LCNEC and 12 patients had
HNSCNEC. The patients included 13 men, and the median
age was 66 years (range, 57-82 years). A total of 16 patients
had an Eastern Cooperative Oncology Group performance
status of O or 1. All the patients had received platinum-based
chemotherapy as first-line treatment, and the median number
of amrubicin cycles per patient was 4 (range, 1-9). The overall
response rate was 11.1%. The median progression-free and
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overall survival were 4.0 and 9.1 months, respectively. Grade 3
or 4 neutropenia was observed in 44% of the patients, and
grade 3 febrile neutropenia occurred in 17% of the patients.
One patient developed pneumonia and succumbed to the
disease. Non-hematological toxicities were generally mild
and manageable. Therefore, the efficacy of amrubicin in the
second-line setting for patients with LCNEC or HNSCNEC is
limited. Development of new drugs and/or treatment strategies
is warranted.

Introduction

In 1980, pulmonary neuroendocrine tumors were categorized
as typical carcinoid, atypical carcinoid, or small-cell lung carci-
noma (1). However, in 1991, Travis et al introduced the idea of
pulmonary large-cell neuroendocrine carcinoma (LCNEC); in
1999, the World Health Organization defined it as a variant of
large-cell carcinoma, and this definition was retained in their
2004 guidelines (2-4). Neuroendocrine carcinomas of the lung
are currently categorized as typical carcinoid, atypical carci-
noid, LCNEC, or small-cell lung carcinoma. The majority of
LCNEC cases are diagnosed via surgical specimens, since
it is difficult to diagnose LCNEC using biopsy or cytology
specimens, as biopsy specimens are too small to provide suffi-
cient morphological information and to count the number of
mitoses. Patients are diagnosed as possible LCNEC when it
is difficult to establish a diagnosis of LCNEC, but there are
no established criteria (5). Watanabe et al recently reported
new diagnostic criteria for high-grade non-small-cell neuro-
endocrine carcinoma (HNSCNEC) as a surrogate for LCNEC
in cases with a biopsy specimen (6). The HNSCNEC criteria
include a Ki-67/MIBI1 labeling index rather than morpho-
logical characteristics, as immunohistochemical staining may
be performed on small samples that do no exhibit distinct
morphological characteristics. These HNSCNEC criteria are
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used at the Shizuoka Cancer Center for cases with available
biopsy specimens.

There is currently no standard chemotherapy for LCNEC.
Rossi et al have reported that small-cell lung cancer (SCLC)
regimens yield a median survival time (MST) of 51 months,
and that non-SCLC (NSCLC) regimens yield an MST of
21 months, although these groups only included 12 and
15 patients, respectively (7). Based on these findings, LCNEC
is treated using the SCLC strategy, and HNSCNEC is treated
in the same manner. Niho et al have reported the efficacy of
first-line cisplatin and irinotecan treatment for patients with
LCNEC, although a central pathological review of their speci-
mens revealed that they included SCLC cases (24%), and that
the response rate (RR) and the MST for LCNEC appeared
to be inferior to those for SCLC (RR: 46.7 vs. 80%, respec-
tively, P=0.0823; and MST: 12.6 vs. 17.3 months, respectively,
P=0.047) (8). Shimada et al have also demonstrated that the
efficacy of second-line chemotherapy for possible LCNEC
was inferior to that for SCLC (RR: 17 vs. 45%, respec-
tively) (9). Therefore, an effective second-line treatment agent
is needed for patients with LCNEC. Amrubicin (AMR) is a
fully synthetic 9-aminoanthracycline (a potent topoisomerase
II inhibitor), and was reported to be effective in patients with
SCLC and NSCLC. In a phase III study that compared AMR
to topotecan for patients with SCLC in the second-line setting,
AMR achieved an RR of 31.1%, a median progression-free
survival (PES) of 4.1 months and an MST of 7.5 months (10).
Furthermore, in a phase III study that compared AMR
to docetaxel for patients with NSCLC in the second- or
third-line setting, AMR exhibited an efficacy comparable to
that of docetaxel (RR: 14.8 vs. 18.8%, respectively, P=0.544;
PFS: 3.6 vs. 3.0 months, respectively, P=0.831; and MST:
14.6 vs. 13.5 months, respectively, P=0.933) (11). Moreover,
Yoshida et al have reported the activity of AMR in patients
with pretreated LCNEC (12), although 28% of the patients in
that study had received =2 chemotherapies prior to AMR treat-
ment and the overall survival (OS) was 5.1 months. AMR may
be effective in patients with LCNEC, although the availability
of reports in the second-line setting is limited. Therefore, the
aim of the present study was to retrospectively evaluate the
efficacy of AMR in the second-line setting for patients with
LCNEC or HNSCNEC.

Materials and methods

Criteria for diagnosing HNSCNEC. The criteria for diag-
nosing HNSCNEC comprise three major and three minor
points (6). The major points are i) poorly differentiated NSCLC
without acinar or squamous differentiation, with tumor cells
containing a nucleus that is larger than the size of three small
resting lymphocytes, a low nuclear:cytoplasmic ratio, or
abundant cytoplasm, and tumor cell nucleus exhibiting a fine
chromatin pattern and/or prominent nucleoli; ii) a Ki-67/MIB1
labeling index of >40%; and iii) positive immunostaining for
>1 neuroendocrine marker (neural cell adhesion molecule,
chromogranin A and/or synaptophysin). The minor points are
i) neuroendocrine morphology (organoid nesting, peripheral
palisading, rosettes and trabecular architecture), ii) frequent
massive necrosis and iii) intercellular space (cleft) or disco-
hesiveness. The major points are essential for diagnosing
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HNSCNEC, whereas the minor points indicate a higher
likelihood of HNSCNEC. A Ki-67/MIBI labeling index of
>40% confirms a high-grade tumor, and positive results for
neuroendocrine markers confirm its neuroendocrine nature.

Patient selection. Patients were retrospectively selected
according to the following criteria: i) A histological diag-
nosis of pulmonary LCNEC or HNSCNEC, ii) one prior
chemotherapy treatment and ii) AMR monotherapy in the
second-line setting.

Data collection. Patient characteristics were retrospectively
collected from our institutional medical records. These char-
acteristics included age, gender, smoking history, Eastern
Cooperative Oncology Group performance status (PS), clinical
stage, history of prior therapy, starting dose of AMR, number
of cycles, tumor response, toxicities, date of recurrence and
date of the last follow-up. The study protocol was approved
by the Institutional Review Board of Shizuoka Cancer Center.
Informed patient consent was waived due to the retrospective
design of the study.

Evaluations. Clinical staging was performed using the 7th
version of the Union for International Cancer Control staging
criteria (http://www.uicc.org/sites/main/files/private/TNM_
Classification_of_Malignant_Tumours_Website_15%20M Ay
2011.pdf). The best overall responses were classified
according to version 1.1 of the Response Evaluation Criteria
for Solid Tumor guidelines (https:/www.eortc.be/Recist/
documents/RECISTGuidelines.pdf). Toxicities were assessed
using the 4th version of the Common Terminology Criteria
for Adverse Events (https://evs.nci.nih.gov/ftpl/CTCAE/
CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf).

Statistical analysis. OS was calculated from the date of
AMR chemotherapy initiation to the date of death or the
last follow-up. PFS was estimated from the date of AMR
chemotherapy initiation to the date of recurrence or death. The
Kaplan-Meier method was used to evaluate PFS and OS. All
the statistical analyses were performed using JMP software,
version 11.2 for Mac (SAS Institute, Cary, NC, USA).

Results

Patient characteristics. Between September, 2004 and
December, 2013, 18 patients with advanced LCNEC or
HNSCNEC received AMR monotherapy in the second-line
setting. A total of 6 patients had LCNEC and 12 had
HNSCNEC. Of the 6 LCNEC cases, 3 were diagnosed via
surgically resected pulmonary specimens and 3 were diag-
nosed via specimens from brain metastases.

The patient characteristics are listed in Table I. The
18 patients included 13 men, and 17 of the 18 patients had a
smoking history; the median patient age was 66 years (range,
57-82 years). A total of 3 patients experienced postoperative
recurrence, and 13 patients had stage IV disease. The PS
values were 0 or 1 for 16 patients, and 2 for the remaining
2 patients. The first-line chemotherapy regimens were
cisplatin and irinotecan (n=7), carboplatin and etoposide
(n=5), cisplatin and etoposide with thoracic irradiation (n=2),
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Table I. Patient characteristics at the start of amrubicin treat-
ment.
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Table II. Treatment-related toxicities with amrubicin in
18 previously treated patients with LCNEC or HNSCNEC.

Characteristics Patients (n)
Gender
Male 13
Female 5

Age (years)

Median 66

Range 57-82
Smoking history

Current or former smoker 17

Never smoked 1

Clinical stage

Postoperative recurrence 3

I 2

v 13
Performance status

0-1 16

2 2
Tumor histology

LCNEC 6

HNSCNEC 12

First-line chemotherapy regimen

Cisplatin + irinotecan 7

Carboplatin + etoposide 5

Cisplatin + etoposide + thoracic irradiation 2

Cisplatin + etoposide 2

Carboplatin + paclitaxel 2
Starting dose of AMR (mg/m*day)

40 13

35

30 1
Number of subsequent chemotherapies

3rd line 10

4th line 4

5th line 2

LCNEC, large-cell neuroendocrine carcinoma; HNSCNEC, high-grade
non-small-cell neuroendocrine carcinoma; AMR, amrubicin.

cisplatin and etoposide (n=2) and carboplatin and paclitaxel
(n=2).

A total of 66 cycles of AMR chemotherapy were admin-
istered to the 18 patients. The 3-day starting dose of AMR
was 40 mg/m?/day for 13 patients, 35 mg/m?*/day for 4 patients,
and 30 mg/m?*day for 1 patient. There were two reasons for
dose reductions, namely hepatic damage due to liver metas-
tasis in 3 patients and old age in 2 patients. Any modifications
during the subsequent cycles were determined according to
the discretion of the attending physician. The median number
of chemotherapy cycles per patient was 4 (range, 1-9). There
were three reasons for early discontinuation of chemotherapy

Grade (n)
Adverse events 1 2 3 4 5
Hematological
Leukopenia 2 6 6 1 0
Neutropenia 1 7 5 3 0
Anemia 0 10 3 0 0
Thrombocytopenia 0 1 0 0 0
Non-hematological
Febrile neutropenia 0 0 3 0 0
Pneumonia 0 0 0 0 1
Total bilirubin elevation 0 1 1 0 0
AST elevation 1 0 0 0 0
ALP elevation 0 1 0 0 0
Hyponatremia 0 0 1 0 0
Creatinine elevation 4 0 0 0 0
ITleus 0 0 1 0 0
Nausea 4 4 1 0 0
Vomiting 2 0 0 0 0
Anorexia 8 3 1 0 0
Constipation 4 1 0 0 0
Fatigue 3 0 0 0 0
Alopecia 0 1 0 0 0
Dysgeusia 1 0 0 0 0
LCNEC, large-cell neuroendocrine carcinoma; HNSCNEC,

high-grade non-small-cell neuroendocrine carcinoma; AST, aspartate
aminotransferase; ALP, alkaline phosphatase.

after only 1 cycle, namely disease progression in 4 patients, PS
reduction in 1 patient and early death in 1 patient.

Efficacy. Of the 18 patients, 2 achieved a partial response (PR),
9 exhibited stable disease, 6 exhibited progressive disease,
and 1 patient was not evaluated for tumor response due to a
worsened general condition. The overall RR was 11.1% [95%
confidence interval (CI): 3.1-32.8%], and the disease control
rate (DCR) was 61.1% (95% CI: 38.6-79.7%]. The median
PFS and MST were 4.0 months (95% CI: 1.4-5.8 months) and
9.1 months (95% CI: 2.2-15.7 months), respectively. Irinotecan
monotherapy was the most frequently used third-line regimen,
and only a few patients received fourth-line (n=4) or fifth-line
(n=2) therapy.

Toxicity. The toxicities are listed in Table II. The most
frequent toxicity was myelosuppression, which included
grade 3 or 4 leukopenia (39%), neutropenia (44%) and anemia
(17%). Grade 3 febrile neutropenia was observed in 17% of
the patients, and 1 patient died after developing pneumonia.
Grade 2 and 3 total bilirubin elevation (each n=1), grade 1
aspartate aminotransferase elevation (n=1) and grade 2
alkaline phosphatase elevation (n=1) were also observed.
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Other non-hematological toxicities were generally mild and
manageable.

Discussion

AMR has recently attracted attention as an active agent in
the salvage setting, after a phase II study demonstrated that
second-line AMR chemotherapy was effective for patients
with SCLC. Furthermore, studies have reported an RR of
17-50% and an MST of 5.3-10.3 months among patients with
refractory relapsed SCLC, as well as an RR of 52-53% and an
MST of 9.9-11.6 months among patients with treatment-sensi-
tive relapsed SCLC (13-16). A phase III trial also confirmed
the efficacy of AMR as second-line treatment for patients with
SCLC and second- or third-line treatment for patients with
NSCLC (10,11). These data indicate that AMR monotherapy
is an effective agent in the salvage setting.

The present study revealed that second-line AMR mono-
therapy may be effective for LCNEC or HNSCNEC, with an
RR of 11.1%, a DCR of 61.1%, a PFS of 4.0 months and an
OS of 9.1 months. Yoshida er al have also reported that AMR
monotherapy was effective for previously treated LCNEC,
with an ORR of 27.7%, a DCR of 61.1%, a PFS or 3.1 months
and an OS of 5.1 months (12). The RR of the present study was
inferior to that of Yoshida et al, although the present study
revealed a comparable DCR and an ~2-fold longer OS. These
differences may be due to the relatively small sample size for
each study and the differences in patient characteristics, as
28% of the patients had received =2 chemotherapies prior to
AMR treatment in the Yoshida study.

The main toxicity in the present study was myelosup-
pression, which included grade 3 or 4 neutropenia (44%)
and grade 3 febrile neutropenia (17%). One death was also
reported after the patient developed grade 5 pneumonia. That
patient also experienced grade 4 neutropenia, which may have
contributed to the fatal outcome. Bone marrow support may be
required for the safe use of AMR. All other non-hematological
toxicities were mild and manageable.

The present study included several limitations. First, the
sample size was limited, although this is difficult to over-
come, given the low incidence of LCNEC and HNSCNEC.
Furthermore, our sample size was comparable to those of similar
reports, and there are few reports regarding treatments for
LCNEC, which we believe makes our findings valuable. Second,
the timing of the patient evaluations may have differed for each
physician, which may have affected the PFS and tumor response
outcomes. However, these limitations are unavoidable, due to the
retrospective nature of this study. Furthermore, OS is a reliable
endpoint, and the MST of 9.1 months is favorable, compared with
the findings of previous reports. Third, we cannot exclude the
possibility of HNSCNEC combined with other subtypes (e.g.,
adenocarcinoma or SCLC), as our biopsy specimens only repre-
sent small parts of the tumor. However, in the advanced-stage
setting, most diagnoses are based on bioptic specimens, and the
treatment strategy does not change in the clinical setting, even if
other organizational patterns are detected.

In conclusion, the efficacy of amrubicin in the second-line
setting for patients with LCNEC or HNSCNEC is limited.
Development of novel drugs and/or treatment strategies is
warranted.
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