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Clinicopathological Features in Young Patients
Treated for Small-Cell Lung Cancer: Significance

of Immunohistological and Molecular Analyses
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Introduction

The median age at the time of the diagnosis of lung cancer is
71 years according to the Surveillance, Epidemiology and End
Results Cancer Statistics. Lung cancer in patients younger than
the age of 40 years is rare and comprises approximately 2.7% of
all lung cancers.' Various reports have discussed the prognosis of
lung cancer in young patients. Some studies have shown that

young patients have a better prognosis,”” and others have
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reported no survival differences between young and old
patients.”™*

Small-cell lung cancer (SCLC) is an undifferentiated neoplasm
composed of primitive-appearing small cells, and rapid progression
and extensive metastases are typically observed at the time of pre-
sentation. Some previous articles have reported the incidence of
® SCLC patients account for 0% to 5%
of lung cancer patients younger than 40 years of age."* However,

SCLC in young patients.”**"

the treatment outcomes have not been reported and the results of
the pathological examinations have not been validated in young
SCLC patients.

Recently, carcinomas with nuclear protein of the testis (NUT)
rearrangements have been included in the differential diagnosis of
SCLC because of their morphological similarities. NUT midline
carcinoma (NMC) often arises from midline structures, such as the
mediastinum and the upper aerodigestive tract, in young people.
NMC is a rare and aggressive carcinoma that is characterized by
" NMC is a lethal

chromosomal rearrangement at the NUT gene.’

15257304/5 - see frontmatter © 2013 Elsevier Inc. Al rights reserved.
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disease despite intensive therapies’™’' and must be considered
in differential diagnoses of poorly differentiated squamous cell car-
cinoma, undifferentiated carcinoma, and other small round cell
tumors.'* SCLC with NUT rearrangements has not been previously
reported.

The objective of the present study was to reevaluate the validity of
the diagnosis of SCLC in young patients before the era of immuno-
histochemistry (IHC) staining and molecular analyses, including the
evaluation of NUT rearrangements. We also evaluated the clinical
response to treatment and the outcome of SCLC in young patients.

Patients and Methods
Patients

Small-cell lung cancer patients who were 40 years old or younger
and who had been treated with chemotherapy at the National
Cancer Center Hospital in Tokyo, Japan, between 1993 and 2010

were retrospectively identified.

Data Collection and Evaluation of Tumor Response

The following clinical data were collected from the medical
records: patient characteristics, treatment regimens, and treatment
outcomes. The tumor responses were evaluated according to
the Response Evaluation Criteria in Solid Tumors, version 1.1.
We evaluated the best overall response. When the disease status
was stably maintained for more than 8 weeks, the patient was
considered to have stable disease.

Immunohistochemical and Molecular Analyses

For THC staining, 4-Jim thick sections from a paraffin block were
routinely deparaffinized. The detailed antigen retrieval methods
and antibody dilutions used for each primary antibody are listed
in Table 1. We used an automated stainer (DAKO, Carpinteria, CA)
for the primary antibody incubation, according to the vendor’s pro-
tocol. ChemMateEnVision (DAKO) detection methods were used.

To assess the presence of NUT rearrangements, we used break-
apart NUT probes (RP11-412E10 for NUT centromere and
RP11-1H8 for NUT telomere; Chromosome Science Lab, Inc,
Sapporo, Japan) according to the manufacturer’s instructions. At
least 50 nonovetlapping tumor cells were examined, and cases with
more than 20% of the cells showing split-apart signals were
considered to be positive for NUT rearrangements.

Survival Definition

Overall survival was defined as the period between the start of the
first treatment and death from any cause or the last follow-up
examination.

Cell Signaling

Resuits
Patient Characteristics

A retrospective review of 747 patients who had been diagnosed as
having SCLC was conducted. Although 9 patients younger than
the age of 40 years were originally diagnosed as having SCLC and
were treated accordingly, the tumor in 1 patient did not exhibit the
typical morphological features of SCLC according to the presently
used pathological criteria. Thus, we excluded this patient and uld-
mately retrieved clinical data for 8 patients (1.1%) younger than the
age of 40 years. The patients were between the ages of 18 and 40
and consisted of 4 men and 4 women; 5 of the patients were current
smokers. Three patients had limited disease SCLC (LD-SCLC), and
5 patients had extended disease SCLC.

Histological Profiles

Among the 8 cases, 4 cases were reevaluated using hematoxylin
and eosin (H & E) and IHC staining. The other 4 cases were
reviewed based on pathological reports obtained from the primary
hospital. Based on the standard pathological criteria used for the
diagnosis of SCLC," 4 patients had received accurate diagnoses of
SCLC (patients 1-4). However, the 4 other patients might not have
actually had SCLC, because these patients exhibited atypical
morphological features for SCLC (patients 5-8). The clinical in-
formation and the IHC results for all patients are listed in Table 2.
NUT rearrangements were observed in 2 patients (Patients 7 and 8).
One patient (patient 7) had positive NUT THC and fluorescence
in situ hybridization findings in addition to exhibiting the typical
morphological features of SCLC (Fig. 1).

Clinical Response and Outcome

Overall, 4 of the 8 patients responded to first-line treatment
(4 partial response, 2 stable disease, 1 progressive disease, and
1 not evaluated). All 3 LD-SCLC patients had partial responses
to chemoradiotherapy. Of the 2 NMC patients, 1 NMC patient
(patient 7) had progressive disease after 2 cycles of cisplatin-based
chemotherapy. Another NMC patient (patient 8) had a partial
response to 2 cycles of cisplatin-based chemotherapy. The overall
survival periods of the patients ranged from 3.6 to 49.7 months.
The patients with NUT rearrangements survived for less than
12 months.

Discussion

In our study, we used immunohistological and molecular analyses
to reevaluate the treatment outcomes and the validity of the di-
agnoses in young patients who had been diagnosed as having SCLC.

Based on our reevaluation of 8 patients, we could identify only

TRS9 (98°C, 40 min)
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SCLC and NUT Midline Carcinoma in Young Patients

: C‘henﬁoradiother‘apy‘

Chemo’thérapy alone

Chemoradiotherapy

Chemotherapy alone

Chemotherépy alone

Clinical Lung Cancer May 2014

not evaluated; OS = overall survival; ProGRP = progastrin-releasing peptide;

limited disease; M = male; ND = no available data; NE

Abbreviations: ED = extended disease; F = female; IHC results = immunohistochemistry results for neuroendocrine antigens; LD

PS = performance status.

2CD56 was positive in only part of the tumor.

4 patients who had received accurate diagnoses of SCLC. Evalua-
tions based only on morphological features were likely to have
resulted in misdiagnosis; 2 of the patients were ultimately diagnosed
as having NMC. Thus, special attention to the possible presence of
NMC mimicking SCLC is needed for the differential diagnosis of
SCLC in patients younger than 40 years.

Most SCLCs exhibit a typical morphology and their diagnosis is
thus straightforward, with IHC staining being unnecessary.'
However, in problematic cases, such as in young patients, non-
smokers, and tumors that are difficult to distinguish from other
malignancies, a diagnosis of SCLC should be very carefully per-
formed using immunohistochemical and molecular diagnostic
techniques. Of note, our additional analyses revealed the presence
of NMCs in 2 of the patients who had originally been diagnosed
as having SCLC and had been treated accordingly. Thus, for the
accurate diagnosis of SCLC, especially in young patients, not only
light microscopy examinations but also immunohistochemical and
molecular analyses should be performed.

Approximately 60 cases of NMC have been reported to date.' In
two-thirds of these reported NMC cases, NUT on chromosome
15q14 is fused to BRD4 on chromosome 19p13.1, forming NUT-
BRD4. In approximately one-third of the cases, the partner gene
is BRD3 or an uncharacterized gene (NUT-BRD3 and NUT
variants).'™'” The histological differential diagnosis of NMC in-
cludes poorly differentiated squamous cell carcinoma, undifferen-
tiated carcinoma, and other small blue round cell tumors, such as
primitive neuroectodermal tumor.* In our study, the H & E results
in 2 patients with NUT rearrangements showed features that were
consistent with combined small-cell and squamous cell carcinoma in
1 patient (patient 7) and with small-cell carcinoma in another pa-
tient (patient 8). Previous reports and review articles have suggested
that negative neuroendocrine antigen results are helpful for the
diagnosis of NMC'?; however, patient 7 exhibited not only a
neuroendocrine morphology, but also immunopositivity for CD56.
Although CD56 is not a complete marker for neuroendocrine dif-
ferentiation, NMC with positive neuroendocrine markers has not
been previously reported; thus, this is the first case report to describe
such a lesion. These results indicate that young patients should not
be diagnosed as having SCLC based only on a neuroendocrine
morphology and a neuroendocrine phenotype without performing
an analysis to detect NUT rearrangements. _

Concerning the treatment of NMC, most previously reported
patients received combination multidrug chemotherapy, such as

. : 16,17 . 14
platinum-based regimens™”" " and lymphoma regimens™"; however,

¥ No drugs that

contribute to a long survival period have been found. As for new

most of these patients died within 1 year.

agents, the domain inhibitor for BRD4 and histone deacetylase
inhibitors have been studied and reported in some journals.'**"
Although these agents are still in development, the use of these
agents for the treatment of NMC is anticipated. The accumulation
of numerous NMC cases is important, and the development of

more effective treatments for patient with NMC is needed.

Conclusion

Malignancies in young patients should be carefully diagnosed
using THC and molecular diagnostic techniques. Moreover, the
possibility of NMC should be considered, especially in young
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Figure 1

patients thought to have SCLC in which atypical histological fea-
tures are observed using H & E and IHC staining.

Clinical Practice Points

e Most SCLC cases can be diagnosed using H & E staining.

o However, in problematic cases, such as young patients, non-
smokers, and tumors that are difficult to distinguish from other
malignancies, the diagnosis of SCLC should be very carefully
petformed.

e In our study, genetic rearrangement of NUT was revealed in
2 patients.

o We suggest that a diagnosis of SCLC should be very carefully
petformed using immunohistochemical and molecular diagnostic
techniques, especially in young patients.
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Chemothera py for Patients With Non-Small Cell Lung Cancer:
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ABSTRACT

Amrubicin, a third-generation synthetic anthracycline agent,
has favorable clinical activity and acceptable toxicity for the
treatment of patients with non-small cell lung cancer (NSCLC)
and small cell lung cancer. We conducted this study to evalu-
ate the efficacy and safety of amrubicin for advanced NSCLC
patients as a third- or fourth-line therapy. Eligible patients had
recurrent or refractory advanced NSCLC after second- or
third-line therapy. Patients received amrubicin, 35 mg/m?i.v.
ondays 1-3 every 3 weeks. The primary endpoint was the dis-
ease control rate (DCR). Secondary endpoints were the overall
survival {OS) time, progression-free survival (PFS) time, re-
sponse rate, and toxicity profile. Of the 41 patients enrolled,
26 received amrubicin as a third-line and 15 received it as a
fourth-line therapy. The median number of treatment cycles
was two {range, 1-9). Objective responses were complete re-
sponse {(n = 0}, partial response {n = 4), stable disease {n =

INTRODUCTION

21}, progressive disease (n = 15}, and notevaluable {n = 1},
resulting in a DCR of 61.0% (95% confidence interval,
46.0%—75.9%). The overall response rate was 9.8% {95%
confidence interval, 0.6%~18.8%). The median PFS interval
was 3.0 months, median OS time was 12.6 months, and
1-year survival rate was 53.7%. Grade 3 or 4 hematological
toxicities were neutropenia (68%), anemia (12%), throm-
bocytopenia (12%), and febrile neutropenia {17%). Nonhe-
matological toxicities were mild and reversible. No
treatment-related deaths were observed. Amrubicin
showed significant clinical activity with manageable toxici-
ties as a third- or fourth-line therapy for patients with ad-
vanced NSCLC. Thisstudy providesrelevantdata for routine
practice and future prospective trials evaluating third- or
fourth-line treatmentstrategies for patients with advanced
NSCLC. The Oncologist 2013;18:439-445

Lung cancer is the leading cause of cancer-related death
worldwide [1]. First-line therapies, epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitors (TKls) in patients
with EGFR mutations, as well as platinum-based chemo-
therapy in conjunction with third-generation antitumor
agents significantly improve survival outcomes and quality
of life in patients with advanced non-small cell lung cancer
(NSCLC) [2-5]. Despite these favorable outcomes, most pa-

tients receiving first-line therapy experience disease pro-
gression and require salvage therapy. Second-line therapy
also has beneficial effects on survival and quality of life out-
comes [2, 6, 7].

Docetaxel, pemetrexed, gefitinib, and erlotinib are consid-
ered standard second-line therapies based on several ran-
domized controlled trials [6—9]. Because of the improved
efficacy of first-line, second-line, and maintenance therapy

107 ‘€1 AeA uo1sand £q /8o ssaxdpoweydieisiSojoouosysdiy woiy papeojusoq

Correspondence: Toshiyuki Harada, Ph.D., Center for Respiratory Diseases, Hokkaido Social Insurance Hospital, 3-18, 1-8, Nakanoshima, Toyo-
hira-ku, Sapporo 062-8618, Japan. Telephone: 81-11-831-5151; Fax: 81-11-821-3851; E-mail: t-harada@hok-shaho-hsp.jp Received July 19,
2012; accepted for publication November 8, 2012; first published online in The Oncologist Express on February 26,2013. ©AlphaMed Press 1083-7159/
2013/$20.00/0 http://dx.doi.org/10.1634/theoncologist.2012-0308

The Oncologist2013;18:439-445 www.TheOncologist.com
- 183 -

©AlphaMed Press 2013




440

Third- or Fourth-Line Amrubicin for NSCLC

for NSCLC, a high proportion of patients (26%—-38%) receive
third-line therapy [10, 11]. Thus, there is an urgent need for
new third-line therapy options. To date, there is a paucity of
studiesthataddressthe role of third-line therapy, andtheyare
primarily retrospective analyses [12—-14].

Amrubicin, a completely synthetic 3-amino-anthracycline, is
a potent inhibitor of DNA topoisomerase Il [15]. A phase Il study
of amrubicin in both NSCLC and SCLC patients demonstrated
promising results and tolerable toxicity [16, 17]. The clinical sig-
nificance of amrubicin has recently focused on the treatment of

recurring lung cancer. A phase | and a pharmacokinetic study of -

amrubicin in previously treated NSCLC and SCLC patients recom-
mend an amrubicin dose of 35 mg/m? per day on three consecu-
tive days every 3 weeks [18]. Amrubicin is a promising third-line
therapy agent because it has a different mechanism of action
from those of other available anticancer agents.

Currently, there is no prospective study that specifically ad-
dresses the role of third-line therapy for NSCLC patients. We
therefore conducted a multicenter prospective phase Il trial of
amrubicin (35 mg/m?) to confirm the efficacy and safety of the
drug in NSCLC patients as a third- or fourth-line therapy.

ParnTs aND METHODS

Patient Eligibility

Eligible patients met the following criteria: histologic or cyto-
logic confirmation of NSCLC, recurrent or refractory disease
after two or three previous treatment regimens, measurable
disease, an Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) score of 0-2, age =75 years, adequate
bone marrow function (leukocyte count =3,000/mm?3, neu-
trophil count =1,500/mm?3, platelet count =100,000/mm?,
and hemoglobin content =9.0 g/dL), adequate function of
other organs (total bilirubin concentration =1.5 mg/dL, as-
partate transaminase and alanine transaminase levels =2.0X
the upper limit of normal, and creatinine clearance =50 mL/
minute), P,0, =60 Torr or S,0, =95%, left ventricular ejec-
tion fraction =60% on echocardiography, and a life
expectancy =3 months.

Patients with previous amrubicin therapy, exceeding the
critical dosage in prior anthracycline drug therapy, using corti-
costeroid or immunosuppressive drugs, with an active infec-
tious disease with serious medical complications (active
peptic ulcer, heart disease, diabetes mellitus, or cerebrovas-
cular disease), with radiographic signs of interstitial pneumo-
nia or pulmonary fibrosis, with third-space fluid collection
requiring drainage, who were lactating or pregnant, with
symptomatic brain metastasis, or with active concomitant
malignancy were deemed ineligible.

This study was performed in accordance with the princi-
ples of the Declaration of Helsinki and Good Clinical Practice
guidelines [19]. The protocol was approved by the institu-
tional review boards of all participating institutions, and all pa-
tients provided written informed consent before treatment.

Treatment Plan

Amrubicin was dissolved in 20 mL physiological saline and was
administered i.v. for >5 minutes at a dose of 35 mg/m?-per
day on days 1-3 every 3 weeks. All patients received at least
two cycles oftreatmentunless their disease progressed, unac-
ceptable toxicity occurred, the patient refused further treat-
ment, or the physician decided to discontinue treatment.

©AlphaMed Press 2013

Subsequent cycles of treatment were withheld until the
following criteria were satisfied: the leukocyte count was
=3,000/mm?, the neutrophil count was =1,500/mm?, the
platelet count was =100,000/mm?, total bilirubin was =2.0
mg/dL, there was noinfection, the ECOG PSscore was =2, and
the grade of any nonhematologic toxicity was <2. If these cri-
teria were not satisfied within 36 days after the onset of the
last treatment, the patient was removed from the study. The
dose of amrubicin was reduced to 30 mg/m? per day for cases
of leukopenia or neutropenia of grade 4 persisting for >4
days, thrombocytopenia of grade 4 or requiring platelet trans-
fusion, febrile neutropenia, or nonhematologic toxicity of
grade =3 (except for anorexia, nausea, or alopecia) during the
previous course. If these toxicities occurred after reduction of
the amrubicin dose to 30 mg/m? per day, the dose was further
reduced to 25 mg/m? per day. A third reduction was not per-
mitted, and the protocol treatment was terminated. Use of
prophylactic antibiotics was not permitted.

Evaluation

Baseline assessment included a physical examination; CBC
with differential, hepatic, and renal function tests; urinalysis;
12-lead electrocardiogram; echocardiogram; and chest radi-
ography. Visible and palpable tumors were measured during
the baseline assessment using chest radiography, computed
tomography (CT) scans, or magnetic resonance imaging (MRI)
scans {when clinically indicated). During the study, medical
history and physical examination results, vital signs, ECOG PS
scores, CBCs, and blood chemistries were monitored weekly.
Tumor responses were assessed using chest radiography, CT,
or MRI (when clinically indicated) at every cycle until disease
progression. Unidirectional measurements were adopted on
the basis of the Response Evaluation Criteria in Solid Tumors,
version 1.0[20]. Aresponse of >4 weeks duration was consid-
ered acomplete response (CR) or a partial response (PR)and a
response of >6 weeks from the initiation of chemotherapy
was considered stable disease (SD). Clinical response data
were confirmed by central review.

Toxicities were assessed according to the National Cancer
Institute-Common Toxicity Criteria, version 3.0.

The progression-free survival {PFS) was defined as the
time from the date of enrollment to the date of documented
progression or death from any cause and was censored at the
date of the last follow-up visit for surviving patients who had
not progressed. The overall survival (OS) time was defined as
the time from the date of enrollment to the date of death or
last follow-up. Data for patients without any events were cen-
sored on the last date with a nonevent status.

Statistical Analysis

The primary endpoint was the disease control rate (DCR), de-
fined as the proportion of patients whose best response wasa
CR, a PR, or SD among all per-protocol patients. Sample size
was determined according to the one-arm binomial design de-
vised by the Southwestern Oncology Group. Assuming that a
DCR of 50% in eligible patients indicates potential usefulness,
whereas a DCR of 30% is the lower limit of interest, with a =
0.05 and 8 = 0.20, the estimated accrual number was 37 pa-
tients. Allowing for a patient ineligibility rate of 10%, we
planned on enrolling 40 patients in the study. Secondary end-
points were the OS, PFS, objective response rate (ORR), and
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toxicity profiles. Survival curves were estimated using the Ka-
plan—Meier method. Statistical analyses were performed us-
ing JIMP 10 (SAS Institute Inc., Cary, NC).

This study is registered with the University Hospital Medi-
cal Information Network (UMIN), number UMIN C000002306.

REsuLts

Patient Characteristics

From August 2009 to May 2011, 41 patients were enrolled
from 10 participating institutions. Patient characteristics are
summarized in Table 1. The median age was 66 years (range,
43-74years), 70.7% of patients were male, and most patients
(97.6%) had a good ECOG PS score of 0—1. Histologic analysis
revealed that 30 patients (73.2%) had adenocarcinoma and
eight patients (19.5%) had squamous cell carcinoma. Seven
patients (17.1%) were positive and 26 patients (63.4%) were
negative for the EGFR mutation. Twenty-six patients (63.4%)
received amrubicin as a third-line therapy and 15 patients
(36.6%) received the drug as a fourth-line therapy.

Seven patients {17.1%) received thoracic surgery and nine
patients (22.0%) received thoracic radiotherapy. Table 2
shows the content of prior therapeutic regimens. All patients
had received a platinum-containing doublet regimen as afirst-
orsecond-linetherapy. The regimens used in first-line therapy
were as follows: platinum-containing doublets in 38 patients
(92.7%), a single agent in two patients (4.9%), and gefitinib in
one patient (2.4%). The regimens used in second-line therapy
were as follows: a single agent in 21 patients (51.2%), plati-
num-containing doubletsin 13 patients (31.7%), nonplatinum
doubletsinfour patients (9.8%), and gefitinib in three patients
(7.3%). The regimens used in third-line therapy were as fol-
lows: platinum-containing doublets in six patients (14.6%), a
single agentin six patients (14.6%), and nonplatinum doublets
inthree patients (7.3%). Of the seven patients harboring EGFR
mutations, three had not received EGFR TKls before enroll-
ment into this study because of patient refusal or later confir-
mation of the EGFR mutation.

Treatment Administered

The median number of treatment cycles was two (range, 1-9
cycles). In all, 30 (73.2%) patients completed at least two cy-
clesoftreatmentand 109 treatment cyclesin total were deliv-
ered overall. The mean relative dose intensity of amrubicin
was 91.1%. A reduction in the amrubicin dose was necessary,
according to the study protocol, in eight cycles (7.3% of the to-
tal cycles). All patients received the first cycle of amrubicin in
aninpatient setting to check the safety of administration, and
most patients received further cycles of amrubicin in an out-
patient setting. Subsequent treatment delay was observed in
29 of 109 cycles (26.6%). The primary reasons for dose reduc-
tion were grade 4 neutropenia (four of all cycles), febrile neu-
tropenia (three of all cycles), and grade 3 headache (one of all
cycles). Treatment was discontinued in 11 patients after the
firstcycleandin 10 patients after the second cycle; reasons for
discontinuation included progressive disease (24 patients),
toxicity (six patients), completing the scheduled treatment
(four patients), patient refusal (two patients), and physician
decision (two patients). Following the protocol treatment, 23
(56%) patients eventually received subsequent therapy: nine
(22%) received a single agent, nine (22%) received EGFR TKils,
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Table 1. Patient characteristics

Characteristic

n of patients

Enrolled patierits ; o 41
Age, yrs

Median 66

Range 43-74
Gender: ‘ G 7
Male 9
\F’ema_te ‘ e e 12
ECOG performance status score

0 16

1 24

2 1
Histological type .
Adenocarcinoma - 30
squamouscellcarcinoma 8
; Lafrgye'ciellycarciﬁdﬁrha:‘ e g
Other(notspecified) 1
EGFR mutation status

Positive 7
Negative 26

Unknown 8

nofprior treatment regimens ‘ -
Abbreviations: ECOG, Eastern Cooperative Oncology Group; EGFR,
epidermal growth factor receptor.

three (7%) received platinum-containing doublets, and two
(5%) received nonplatinum doublets.

Response and Survival
Among the 41 assessable patients, there were four PRs and no
case of CR, for an overall response rate of 9.8% (95% confidence
interval [Cl], 0.6%—18.8%) (Table 3). Twenty-one patients (51.2%)
had SD, yielding an overall DCR of 61.0% (95% Cl, 46.0%~75.9%).
Fifteen patients had progressive disease as their best response
and the response of one patient could not be confirmed as a re-
sult of receipt of subsequent chemotherapy before response
evaluation. The lower end of the 95% Cl was thus higher than the
threshold DCR of 30%, and the primary endpoint was met. We
found no significant difference inthe ORR or DCRamong gender,
age, tumor histology, EGFR mutation status, or treatment line,
except for the DCR and EGFR mutation status—the DCR was
100% in seven patients with an EGFR mutation, 46.2% in 26 pa-
tients with wild-type EGFR, and 85.7% in seven patients with an
unknown EGFR status (p = .012).

Of the 41 patients, 13 were alive as of May 2012 (>1 year
after the last patient was enrolled). With a median follow-up

~ timeof12.6 months, the median PFSand median survival time

(MST) for all enrolled patients were 3.0 months (95% Cl, 2.0—
4.1 months) and 12.6 months (95% Cl, 6.8—19.3 months), re-
spectively (Figs. 1 and 2). The 1-year survival rate was 53.7%
(95% Cl, 38.4%—68.9%).
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Table 2. Characteristics of prior first-line, second-line, and third-line therapies

Characteristic

Second-line therapy

Total = o M
Treatment regimen
Doublet 38
Platinum-based doublets 38
Paclitaxel based 15
Gemcitabine based 9
Vinorelbine based 5
Docetaxel based 4
Pemetrexed based 3
Other 2
Nonplatinum doublets 0
Single agent 2
Docetaxel 2
Pemetrexed 0
Vinorelbine 0
Gefitinib 1

First-line therapy

Third-line therapy

17
13

HE RN O kW,

21
15

O N N N O W = N O O = N O W

Table 3. Overall response rate for patients treated with amrubicin as determined by central review

Response n of patients % 95% Ci
Completeresponse 0 0 .
Partial response 4 9.8
sabledisease” 0 0 A . 512
Progressive disease 15 36.6
Notevaluable : 1 2 . -
Overall response rate 9.8 0.6%-18.8%
Diseasecontrolrate 25 SBL0 e B I0% 7595
Abbreviation: Cl, confidence interval.
100 100+
90 90t Median: 12.6 months (95% Cl, 6.8-19.3)
80 Median: 3.0 months (95% Cl, 1.8-3.8) 80+ 1-year survival: 53.7% (95% Cl, 38.4%—68.9%)
z 70 ® 7 -
< 60 < 60t
w -
£ 50 5 507
2 40 = 404
o]
& 30 * a0t
20 20+
10 101
0 .
o . . . . ] ,
0 50 100 150 200 250 300 0 200 400 600 800 1000

Days

Figure 1. Kaplan—Meier analysis of progression-free survival for
all 41 treated patients.
Abbreviation: Cl, confidence interval.

Toxicity

All41 treated patients were assessed for toxicity. Table 4 sum-
marizes the hematological and nonhematological toxicities.
With regard to hematological toxicities, 68% of patients expe-
rienced grade 3 or 4 neutropenia and 17% developed febrile
neutropenia. Nineteen patients (46%) were treated with G-
CSF for 1-11 days during the first treatment cycle because of
neutropenia. Although no serious hematologic events were
observed, grade 3 or4thrombocytopenia wasobservedin five
patients (12%; one received a platelet transfusion) and ane-

©AlphaMed Press 2013

Days

Figure 2. Kaplan—-Meier analysis of overall survival for all 41
treated patients.
Abbreviation: Cl, confidence interval.

miawas observed infive patients (12%; two received a packed
RBC transfusion). The most common nonhematologic toxici-
ties of grade 3 or 4 were anorexia {(12%), infection (10%), nau-
sea or vomiting (10%), diarrhea (2%), stomatitis {2%), and
pneumonitis (2%). Most nonhematologic toxicities were mild
and reversible. Neither cardiac toxicity nor treatment-related
deaths were observed in this study.

Discussion
Thisis the first prospective phase |l study designed to evaluate
the efficacy and safety of a cytotoxic agent as a third- or

T .
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Table 4. Toxicity for all cycles

Grade Grade 23
Toxicity 1 2 3 4 n %
Hematologe = : = . e
levkopena. 7 5 5 v
Neutropenia = L5 '8~ . 238 633
Anemip - 3 g 4 | o5 g
Febrileneutropenia 0 o i 0 7 g
Nonhematologic
Nausea/vomiting 15 4 4 0 4 9.8
Anorexia 10 5 5 0 5 12.2
Diarrhea 2 0 1 0 1 2.4
Stomatitis 0 0 1 0 1 2.4
Pneumonitis 1 2 1 0 1 2.4
Infection 0 1 4 0 4 9.8
Fever 0 1 0 0 0 0
Fatigue 1 1 0 0 0 0
Liver dysfunction 7 0 0 0 0 0

fourth-line chemotherapy for patients with advanced NSCLC.
Our study demonstrated the efficacy of amrubicin as shown
by the ORR of 9.8%, DCR of 61.0%, median PFS of 3.0 months,
median OS of 12.6 months, and 1-year survival rate of 53.7%in
41 patients. Although common, hematological toxicities were
manageable and nonhematological toxicities were mild and
reversible. Previous phase Il trials for second- or third-line
therapy of NSCLC patients have reported ORRs of 7.6%—9.1%,
median OS of 6.7-8.3 months, and 1-year survival rates of
29.7%—34% [6-9, 21]. Amrubicin is a potent inhibitor of topo-
isomerase ||, with a different mechanism of action from those
of the currently available active cytotoxic agents for advanced
NSCLC[15].

Several studies have evaluated the efficacy and safety of
amrubicin for patients with advanced NSCLC. With regard to
the dose of amrubicin, favorable results with tolerable toxicity
were demonstrated with 45 mg/m? per day on three consecu-
tive days every 3 weeks for first-line therapy [17, 22], 40
mg/m? for second-line therapy (West Japan Thoracic Oncol-
ogy Group [WITOG]0401 trial) {23], 35 mg/m? for primarily
second-line therapy and for a small number of patients
treated with third-line therapy [24], and 35 mg/m? or 40
mg/m? for third or subsequent lines of therapy [25]. Based
upon these results, we conducted a prospective phase I! trial
of amrubicin at a dose of 35 mg/m? in NSCLC patients as a
third- or fourth-line therapy.

The incidence of febrile neutropenia was certainly high in
this study (17%, seven of 41 patients). Five patients developed
febrile neutropenia in the first cycle, one patient developed
this toxicity in the second cycle, and one patient developed
thistoxicity inthe fourth cycle. A previous phase Il study of am-
rubicin at 40 mg/m? for the second-line therapy of NSCLC pa-
tients {the WITOGO0401 trial) reported that 29.5% of the
patients developed febrile neutropenia [23]. Thus, the possi-
ble reasons for the higher incidence of febrile neutropenia in
our study are as follows: the 35-mg/m? dose of amrubicin

www.TheOncologist.com

mightbe formidableinthe third-or fourth-line setting and nei-
ther the prophylactic use of G-CSF nor the prophylactic use of
antibiotics was allowed. In addition, an adverse event of par-
ticular concern related to amrubicin administration is cardiac
toxicity, the incidence of which was 3.2% in previous trials [17,
22]. For safety reasons, this study allowed the enroliment of
only patients with a left ventricular ejection fraction of 60% as
determined by echocardiography. No cardiac toxicity was ob-
served in our trial, and there were no treatment-related
deaths in this study.

The number of patients who need third-line therapy is in-
creasing, and third-line therapy represents a clinical problem
foradvanced NSCLC treatment. However, thereis no standard
definition for third-line therapy because the population of pa-
tients who could be grouped as potential candidates is heter-
ogeneous [13] and clinical trial information regarding this
population is sparse. Retrospective analyses from three insti-
tutions reported that 20.3%, 28.2%, and 38.4% of patients re-
ceived third-line chemotherapyin clinical practice [11, 14, 26].
Those analyses showed that the ORR was 5.6%~17.0%, the
DCR was 34.4%—44.4%, the median PFS was 2.4 months, and
the median OS was 5.8-12.0 months. Patients who received
third-line therapy benefited over those who did not.

In the second-line or later settings, the MST is not associ-
ated with the ORR, but is associated with the DCR [27]. Be-
cause amrubicin has a different mechanism of action from
those of other anticancer agents and is associated with a high
DCR with tolerable toxicity [15, 17], we conducted the present
study in which the DCR was chosen as the primary endpoint.
Based on a DCR of 33%-56% in previous phase Ill trials of sec-
ond-and third-line therapy of NSCLC patients [7, 8, 28, 29] and
the third- and fourth-line settings of this study, we assumed
thata DCR of 50% was a desirable target and thata DCR of 30%
was irrelevant. The lower end of the 95% Cl in the present
study was higher than the threshold DCR of 30%, and the pri-
mary endpoint was met. Single-agent chemotherapy and
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EGFRTKItherapyhad advantages over doublet chemotherapy
in prolonging PFS and decreasing toxicity when used in third-
line therapy [26]. In a BR.21 trial, erlotinib demonstrated sur-
vival benefits when administered as a second- or third-line
therapy, compared with placebo (OS, 6.7 months vs. 4.7
months, respectively) [7]. That landmark trial included 49% of
patients receiving third-line therapy; thus, treatment with er-
lotinib is recommended as a third-line therapy for patients
with a PS of 0—3 who have not received prior EGFR TKIs. These
data are not sufficient to make a recommendation for or
against using a cytotoxic agent as a third-line therapy. How-
ever, there is no prospective trial of cytotoxic agents in that
setting, which encouraged us to conduct the present study.

Similar to any phase 1l study, this analysis has several limi-
tations. All patients enrolled in this study had an ECOG PS of
0-1, except for one patient with PS score of 2. Thus, these pa-
tients may not be representative of the population of patients
with NSCLC who receive third- or fourth-line therapyin clinical
practice. Additionally, seven (17%) patients harboring an
EGFR mutation had an excellent prognosis {(median 0S, 16.7
months; range, 10.8—-27.2 months). The survival outcome
might have been influenced by the good health condition of
these patients or by the indolent nature of the patients’ dis-
ease. Therefore, further evaluation is warranted to imple-
ment this regimen into daily clinical practice as a third- or
fourth-line therapy.

CONCLUSION
In conclusion, amrubicin is a promising agent associated with
effective disease controland manageable toxicity as athird-or
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Objective: The role of platinum agents plus irinotecan has been unclear for elderly patients
with extensive disease small-cell lung cancer. We conducted a feasibility study to evaluate the
safety and efficacy of carboplatin pius irinotecan in preparation for a planned Phase [il study.
Methods: Based on another Phase | study, carboplatin area under the curve of four Day 1 plus
irinotecan 50 mg/m? Days 1 and 8 every 3 weeks for four courses was administered. Patients
aged >70 years with a performance status of 0—2 were eligible. The primary endpoint was
feasibility, defined as the percentage of patients who have received three or more courses of
chemotherapy. If the feasibility was >60% in the first 10 patients, this endpoint would be con-
sidered to be met.

Results: Eleven patients were registered. The median age was 77 years, and nine patients had
a performance status of 1. Ten patients completed four courses of treatment, and neither dose
omission nor modification was required. The feasibility was 91% (10/11) and the relative dose
intensity was 76.9%. Because neutropenia was frequently prolonged, the next course was
delayed in 53% of all courses. Other toxicities were generally mild, and the only Grade 4 toxicity
was hyponatremia. The overall response rate was 90% (9/10), and the progression-free survival
and the overall survival were 5.1 and 10.9 months, respectively.

Conclusions: This regimen appears to be feasible and effective. Based on these results, a
Phase 1I/11l trial comparing carboplatin plus etoposide with carboplatin plus irinotecan for elderly
patients with extensive disease small-cell lung cancer is being planned by the Japan Clinical
Oncology Group.

Key words: chemo-respiratory tract — chemo-Phase I[-1II — clinical trials — lung medicine

INTRODUCTION

Approximately 30—40% of patients with small-cell lung cancer
(SCLC) are >70 years old, and the proportion of elderly SCLC
patients is continuously increasing in Japan (1-3). However,
as elderly patients have been frequently excluded from clini-
cal trials, no standard chemotherapeutic regimen has been

established for this patient population. Moreover, standard che-
motherapeutic regimens for non-elderly SCLC patients are not
always suitable for older patients due to their vulnerable organ
function and/or co-morbidities. Therefore, the establishment of
a chemotherapeutic regimen that is well balanced between
safety and efficacy for this population should be pursued.

@© The Author 2013. Published by Oxford University Press. All rights reserved.

For Permissions, please email: journals.permissions@oup.com

- 190 —

102 ‘+1 AN uo L11s1oAtup) [eorpay ewekeyep 18 /Sio sppumolpiopxoroolly:dny wory pspeojumoq

S



The Japan Clinical Oncology Group (JCOG) 9702 study
compared carboplatin plus etoposide (CE) versus split-dose
cisplatin plus etoposide (SPE) in elderly and poor-risk patients
with extensive disease (ED)-SCLC (4). Based on the results of
this study, the JCOG concluded that the SPE regimen should
remain as the standard treatment for elderly and poor-risk
patients with ED-SCLC, the CE regimen being an alternative.
However, because the CE regimen does not require hydration
and can be administered in an outpatient setting, elderly
patients with ED-SCLC in Japan more commonly receive this
regimen.

In contrast, the Phase 111 JCOG 9511 study has shown that
irinotecan plus cisplatin (IP) is more effective than etoposide
plus cisplatin (EP) for treating non-elderly patients with
ED-SCLC (5). However, elderly patients (age >71 years)
were excluded from this trial. When considering the treatment
plan for elderly patients with ED-SCLC, the 1-day bolus ad-
ministration of this cisplatin-based regimen would be difficult
because hydration is required. Until now, the carboplatin plus
irinotecan (Cl) regimen has been repeatedly reported.
Although several studies included patients 70 years of age or
older, few studies were especially designed for the elderly.
Therefore, it would be meaningful to consider a Cl regimen
for the elderly. Two randomized trials have compared CI with
CE for ED-SCLC patients. Although Schmittel et al. (6) did
not show a significant survival benefit in the CI arm, survival
was marginally better and fewer hematological toxicities were
observed. In contrast, Hermes et al. (7) reported a significant
survival advantage of CI over CE. Although these trials were
not specifically designed for elderly patients and the doses
used differed from Japanese standard doses, we believed it
was worthwhile to investigate the efficacy of CI in elderly
patients with ED-SCLC. Furthermore, a recent meta-analysis
of camptothecins compared with etoposide in combination
with platinum in ED-SCLC showed a survival benefit asso-
ciated with camptothecins plus platinum (excluding nogite-
can) over etoposide plus platinum in a subgroup analysis (8).
Thus, a Phase III trial comparing CE with CI in elderly
patients with ED-SCLC is being warranted in the JCOG Lung
Cancer Study Group (LCSG).

In our previous study (9), we reported the 4-weekly sched-
ule of CI regimen using prophylactic granulocyte
colony-stimulating factor (G-CSF) support in elderly patients
with SCLC. However, this study was not a Phase I study and
had a heterogeneous patient population. In addition, because
not only chemotherapy-naive but also pretreated patients were
included and the treatment drug dose was changed according
to the patient’s characteristics, the recommended dose could
not be decided in the study. Recently, prophylactic use of
G-CSF has not been preferred in clinical practice in Japan
because more expensive cost and prolonged hospital stays are
required. For the reason given above, we cannot apply the pre-
vious data to plan the Phase III study and we think that
optimal schedule and dose of CI for elderly patients with
SCLC have not been established. On the other hand, Thoracic
Oncology Research Group (TORG) decided a recommended

Jpn J Clin Oncol 2014;44(2) 117

dose of 3-weekly schedule of CI regimen for elderly patients
with limited disease (LD)-SCLC in a Phase I study (unpub-
lished data). Because thoracic radiotherapy was sequentially
administered after four courses of chemotherapy in this Phase
I study, it might be justified that the recommended dose of CI
for LD-SCLC could be used in elderly patients with ED-SCLC
based on these data. Furthermore, because members of JCOG
and TORG were much different, JCOG-LCSG recommended a
further feasibility study by only JCOG members for elderly
patients with ED-SCLC. Therefore, we conducted a feasibility
study to evaluate the safety and efficacy of Cl in elderly patients
with ED-SCLC in preparation for a future JCOG Phase III
study designed to compare CE with CI in this patient popula-
tion. This study is registered with the UMIN Clinical Trials
Registry as trial 000003208.

PATIENTS AND METHODS
PATIENT SELECTION

Patients with the following inclusion criteria were enrolled:
age >70 years; cytologically or histologically confirmed
SCLC; ED stage (defined as at least one of the following:
distant metastasis, contralateral hilar-node metastasis, malig-
nant pleural effusion and pericardial effusion); no prior chest
radiotherapy or chemotherapy;, an Eastern Cooperative
Oncology Group performance status (PS) of 0—2; no other
co-existing malignancy and adequate hematologic, hepatic
and renal organ function (leukocyte count >4000/mm?, abso-
lute neutrophil count [ANC] >2000/mm?>, platelet count
>100 000/mm?, hemoglobin level >9.0 g/dl, aspartate ami-
notransferase [AST}/alanine aminotransferase [ALT] levels
<2 x upper limit of normal range, total bilirubin <1.5 mg/dl,
creatinine <1.5 mg/dl, creatinine clearance >50 ml/min and

- Pa0, > 60 mmHg). The additional criteria were: no symp-

tomatic pericardial or pleural effusion requiring drainage, no
active concomitant malignancy, no senile dementia, no diar-
rhea and provision of written informed consent. The exclusion
criteria included brain metastases requiring radiotherapy, su-
perior vena cava syndrome requiring radiotherapy and serious
medical or psychiatric illness. Patients with interstitial pneu-
monitis detected by chest computed tomography (CT) scan
were excluded. All the patients had chest X-ray, CT scan of
the chest and abdomen, CT scan or magnetic resonance
imaging of the brain and isotope bone scanning or positron
emission tomography within 28 days before registration.

TREATMENT PLAN

Based on our previous feasibility study using CI for elderly
patients with SCLC (9), the TORG conducted a Phase I study
of the CI regimen and sequential thoracic radiotherapy for
elderly patients with LD-SCLC. In that study, the recom-
mended dose was carboplatin area under the curve (AUC)
of four Day 1 and irinotecan 50 mg/m? Days 1 and 8 every
3 weeks (unpublished data). Although the TORG study
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included only elderly patients with LD-SCLC, we elected to
use the recommended dose from this study in the current study
of elderly patients with ED-SCLC. Thus, all the patients were
assigned to carboplatin AUC 4 intravenously (IV) on Day 1
plus irinotecan 50 mg/m* IV on Days 1 and 8 every 21 days.
Irinotecan on Day 8 was withdrawn if leukocyte counts were
<3000/mm?®, platelet counts were <100 000/mm? or if diar-
rhea Grade >1 occurred. Treatment was repeated for up to
four cycles. Subsequent cycles were permitted only if the
ANC was >1500/mm?>, the leukocyte count was >3000/mm?>,
the platelet count was >100 000/mm>, serum creatinine was
<1.57 mg/dl, AST/ALT levels were <2.5 x upper limit of
normal range, PS was 0—2, neither infection nor fever was
present and treatment-related non-hematologic toxicities
(excluding alopecia) had resolved to Grade <2 after Day 21.
A treatment delay of <2 weeks was permitted. Use of G-CSFs
was recommended in accordance with their package inserts or
clinical recommendations. If G-CSF therapy was adminis-
tered, the criteria for the next cycle had to be satisfied both
after Day 21 and >2 days after discontinuation of G-CSF.
Antiemetic prophylaxis with 5-HT; antagonists plus dexa-
methasone was routinely administered. Dose modifications
were allowed only once if Grade 4 leukopenia or neutropenia
lasting >4 days, Grade 4 thrombocytopenia or Grade 3 non-
hematological toxicities, except for nausea/vomiting, consti-
pation, hyponatremia and creatinine, occurred. When dose
modification was needed, the next treatment course was
started with carboplatin AUC 4 on Day 1 plus irinotecan
40 mg/m? on Days 1 and 8 every 21 days.

The protocol treatment was terminated if any of the follow-
ing occurred: disease progression, a treatment delay >2
weeks, need for dose modification two times, Grade 2—4
pneumonitis and Grade 4 non-hematological toxicities.
Because this was a feasibility study, post-protocol treatments
were left to the discretion of the treating physicians.

STupY DESIGN

This trial was designed as a multicenter prospective feasibility
study. The study protocol was approved by the institutional

Table 1. Patient characteristics

Median age, years (range) 77.5 (70-82)
Gender
Male/female 10/0
ECOG PS 0/1 1/9
TNM classification
T 4737211 42/1/3
N 0/1/2/3 1/1/2/6
M 0/1 1/9

Brinkman index

Median (range) 1110 (840--3000)

ECOG, Eastern Cooperative Oncology Group; PS, performance status.

review board at each institution prior to study initiation. The
primary objective was feasibility, defined as the percentage of
patients who have received three or more courses of chemo-
therapy. Patients showing disease progression prior to receiv-
ing three courses of chemotherapy were excluded from the
feasibility evaluation. In addition, even if irinotecan was not
administered on Day 8 due to toxicity, the chemotherapy
course was judged as being complete. In the JCOG9702 (4),
the percentages of patients who have received three and four
courses of CE regimen were 69 and 63%, respectively. In this
study, we considered that the completion rate of three or more
courses of chemotherapy was a more appropriate endpoint
than that of four courses because CI regimen might be more
toxic than the CE regimen. Therefore, we concluded that the
study treatment was feasible when the completion rate of three
or more courses of chemotherapy was >60%. Ten patients
were initially registered into this study. If the feasibility (com-
pletion rate) was >60%, the study would be considered to
have yielded positive results and to be finished. If the comple-
tion rate was 30 to <60%, we planned to enroll 10 more
patients to confirm whether the low rate was due to the treat-
ment regimen or to chance. If the feasibility remained at
<60% in a total of 20 patients, the study would be considered
to have yielded negative results. The secondary objectives
were toxicity status, overall response rate (ORR), progression-
free survival (PFS) and overall survival (OS). Tumor responses
were evaluated according to the Response Evaluation Criteria
in Solid Tumors criteria, version 1.0. Toxicity was evaluated
using the National Cancer Institute Common Toxicity Criteria
version 3.0.

If a patient was documented as having a complete response
(CR) or a partial response (PR), a confirmatory evaluation was
performed after an interval of at least 4 weeks. The patient
was considered to have a stable disease (SD) if it was con-
firmed and sustained for 6 weeks or longer.

The relative dose intensity (RDI) of irinotecan was calcu-
lated by dividing the actual received dose of the agent among
all chemotherapy courses (mg/m*/week) by the total projected
dose of the four treatment courses (mg/m*/week).When
chemotherapy was completed without any delays or skipping
of agents, the RDI was 100%.

RESULTS

PATIENT CHARACTERISTICS

From March 2010 through March 2011, 11 patients were
registered in three institutions. One patient withdrew consent
after Day1 of the first course. Because this patient did not ex-
perience acute toxicities and the reason seemed to be related
to other personal problems, we thought one more additional
patient to the previously scheduled 10 patients were appropri-
ate for this study. The median age was 77 (range, 70—82)
years and nine patients had a PS of 1, all of whom were male
(Table 1). The median Brinkman Index was 1110 (range,
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840—-3000). A patient with MO had a contralateral hilar lymph
node metastasis.

DRruUG DELIVERY AND DOSE INTENSITY

Except for the one patient who withdrew consent, all the
patients completed four courses of treatment and no omission
of irinotecan on Day 8 occurred (Table 2). Furthermore, no
patients required dose modifications. Because the completion
rate was 91% (10/11), the primary endpoint of a >60% com-
pletion rate was met. The RDI of irinotecan was 76.9%. The
median course delays between the first and second courses,
second and third courses and third and fourth courses were 8.5
(range, 2—11) days, 5.5 (range, 0—10) days and 6.5 (range,
0—17) days, respectively. Of a total of 30 courses, the reasons
for chemotherapy delay of >4 days were leukopenia or neu-
tropenia in 15 patients (50%) and thrombocytopenia and
leukopenia in one patient (3%). Delays caused by bed sched-
uling at participating institutions occurred in six cases (20%).

ToxiciTiEs

Toxicity profiles are shown in Table 3. Both hematological
and non-hematological toxicities were generally mild. The
only Grade 4 toxicity was hyponatremia in one patient. Grade
3 ANC, hemoglobin and thrombocytopenia occurred in six
(60%), one (10%) and two (20%) patients, respectively. G-CSF
was administered to three patients. No treatment-related deaths
occurred during the study.

One patient suffered from pneumonia during his first course
of chemotherapy. He received antibiotic therapy for 7 days

Table 2. Additional days required in each course and the reasons for delays

Patient no. Courses 1and2 Courses2and3  Courses 3 and 4
1 +7? +10* +117

3 +8* +4° +8°

4 +7° +7° +6°

5 +11° +7° 0

6 +117 +4° +7°

7 +8° +9° +2¢

8 +9° 0 +13°

9 +2d Od Od

10 +11° +29 +14

11 +112 +8* +17*
Median delays 8.5 (2-11) 5.5(0-10) 6.5(0-17)
(range)

Relative dose intensity = 76.9%.
*Leukocytopenia.

*No available bed.
“Leukocytopenia/thrombocytopenia.
9No delay or delay within 2 days.

Jpn J Clin Oncol 2014;44(2) 119

and fully recovered. He did not experience infection in subse-
quent protocol treatment cycles.

Another patient suffered from Grade 4 hyponatremia
(117 mEqg/1) during his first course of chemotherapy. He did
not have any history of renal dysfunction and was considered
to have syndrome of inappropriate secretion of antidiuretic
hormone (SIADH) as a paraneoplastic syndrome. Appropriate
intravenous crystalloid infusion facilitated full recovery, and
he was able to continue chemotherapy. Severe hyponatremia
was not observed in his subsequent protocol treatment cycles.

Erricacy

Nine patients achieved PR and one patient experienced SD,
yielding an ORR 0f 90%. The median PFS was 5.1 months
(95% confidence interval [CI]: 3.9-5.8; Fig. 1), and the
median OS was 10.9 months (95% C1: 7.6—16.8; Fig. 2).

SECOND-LINE THERAPY

A total of 9 patients received second-line chemotherapy. The
most commonly administered agent was amrubicin (n = 7).
Other regimens included nogitecan (n = 1) and CI (n = 1).
Palliative chest radiotherapy was administered to one patient.
Only one patient did not receive second-line chemotherapy,
due to poor PS.

Table 3. Toxicity (worst of any course)

Grade
2 3 4
Hematological
Leukopenia 3 3 0
Neutropenia 2 6 0
Anemia 5 1 0
Thrombocytopenia 2 2 0
Non-hematological
High AST/ALT 1 0 0
Creatinine 0 0 0
Nausea 2 0 0
Vomiting 0 0 0
Diarthea 3 0 0
Constipation 1 0 0
Pneumonitis 0 0 0
Bleeding 0 0 0
Infection 0 1 0
Hyponatremia 0 0 1
Peripheral neuropathy 1 0 0

AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Figure 1. Progression-free survival. Median: 5.1 months (95% confidence
interval [CI]: 3.9—5.8).
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Figure 2. Overall survival. Median: 10.9 months (95% CI: 7.6-16.8).

DISCUSSION

Standard treatment for elderly patients with ED-SCLC has
been controversial until now. Moreover, no global treatment
consensus for these elderly patients has yet been reached.
Because the median age of lung cancer patients is increasing
in Japan, the need to formulate a strategy for treating this
population is urgent. Some trials have shown that irinotecan
might be a key drug for SCLC, particularly among Asian indi-
viduals (5,9); therefore, we conducted this feasibility study of
Cl in elderly SCLC patients. In this study, except for one
patient who withdrew consent for chemotherapy, all other
patients completed four courses of protocol treatment and the
primary endpoint was met, with a feasibility of 91% (10/11).
The toxicities were tolerable in this study. In general, Grade 4
hematologic toxicities are commonly experienced in associ-
ation with chemotherapy for SCLC, even in patients with a
good PS and adequate organ function (4—9). Only one patient
in the present study experienced Grade 4 hyponatremia, and
no Grade 4 hematologic toxicities were observed. The low fre-
quency of diarrhea is particularly interesting. While the JCOG
9511 study comparing IP with EP (5) showed that the

frequency of diarrhea associated with the IP regimen was rela-
tively high (16%), no Grade 3 or 4 diarrhea was observed in
the present study. Although the reason for this low frequency
of diarrhea remains unclear, the low dose of irinotecan used
(50 mg/m?, Days 1 and 8) might have been a contributing
factor.

While no CRs were observed, the 90% (9/10) response rate
was satisfactory. Moreover, both OS and PFS were slightly
longer than those observed in both treatment arms of JCOG
9702, which had almost the identical eligibility criteria (4).
These data suggest that the CI regimen might improve out-
comes of elderly patients with ED-SCLC. Two possible
reasons may explain the promising efficacy observed in this
trial. First, amrubicin was administered to 70% of patients as
second-line chemotherapy. This agent was not administered at
the time of the JCOG 9702 study. Because some investigators
reported that second-line amrubicin was effective in relapsed
SCLC (10—13), the use of this agent might have positively
impacted on survival in this study. Secondly, all of the patients
PS of 0—1, even though the eligibility criteria also allowed a
PS of 2. In contrast, 26% of patients in the JCOG9702 study
had a PS of 2—3 (4). Therefore, patient selection may have
also contributed to the prolonged survival and reduced toxici-
ties observed in this study.

This study has several limitations. First, we could have con-
ducted more dose escalation due to the mild toxicity.
However, chemotherapy delays occurred frequently, primarily
due to neutropenia. Because dose escalation could have poten-
tially caused more severe myelosuppression or delays of
chemotherapy administration, we believe that it would have
been difficult to escalate the dose in this trial. Secondly, our
regimen included relatively low doses compared with the regi-
mens used in non-elderly patients. Administration of irinote-
can 50 mg/m? Days 1 and 8 every 3 weeks yields a dose
intensity of 33 mg/m?*/week. In contrast, the dose intensity
of irinotecan (60 mg/m?, Days 1, 8 and 15, every 4 weeks)
was 45 mg/m?*/week in JCOG9511. However, the omission
of Day 15 irinotecan occurred in 50% of the courses in
JCOGY511 (5). As no omission of Day 8 irinotecan occurred
in the present study and course delays only occurred occasion-
ally, the actual difference in dose intensity between the
present trial and JCOG9511 may be relatively small. Thirdly,
this feasibility study had a small sample size. Further investi-
gation with a larger number of patients is warranted to verify
the current results. Fourthly, this trial was not designed based
upon an appropriate statistical method. However, if this study
was done as a Phase II study using a Simon Minimax
design, ~30-40 patients were required. At the time of study
initiation, we felt that CI regimen became a promising experi-
mental arm for a future Phase III trial based on our previous
study. In addition, many JCOG members hesitated to perform
a time-consuming Phase II trial of CI regimen. Therefore, we
evaluated the feasibility of this regimen using a small sample
size of 10 patients. If a marginal result for feasibility was
obtained in the first 10 patients, additional 10 patients were
required to avoid a negative result by chance.
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In conclusion, treatment with CI in elderly ED-SCLC
patients is feasible and appears to provide less toxicities and
more efficacy than other regimens. Based on the current study,
a Phase IV/III trial comparing CE with CI in elderly patients
with ED-SCLC is being scheduled by the JCOG LCSG.
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Abstract

Background 1t is often difficult to diagnose large cell
neuroendocrine carcinomas (LCNEC) of the lung using
small biopsy specimens. Some recent studies attempted to
diagnose LCNEC using biopsy specimens; in 2011, the
International Association for the Study of Lung Cancer
pathological panels suggested possible LCNEC as a diag-
nosis for LCNEC by using biopsy specimens. Here, we
compared the chemotherapeutic efficacy in possible
LCNEC and LCNEC diagnosed using surgically resected
specimens.

Methods We retrospectively reviewed patients who
received platinum-based chemotherapy as first-line che-
motherapy at our institution during September 2002-
September 2011. Further, we compared the clinical
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characteristics, chemotherapeutic responses, and survival
outcomes of patients diagnosed as having “LCNEC defi-
nite” with those diagnosed as having “possible LCNEC.”
Results We selected 34 patients of whom 10 were diag-
nosed with LCNEC using surgically resected specimens
and 24 patients with possible LCNEC were diagnosed
using small biopsy specimens. In both groups, almost all
patients were men and were smokers. Small-cell carci-
noma-based chemotherapy, such as platinum plus irino-
tecan or platinum plus etoposide, was used for treating
60 % LCNEC patients (6/10) and 67 % possible LCNEC
patients. In the LCNEC and possible LCNEC groups,
respectively, the response rate was 70 and 54 % (p = 0.39),
median progression-free survival was 2.9 and 4.4 months
(p = 0.20), and median survival time was 12.8 and 9.1
months (p = 0.50).

Conclusion No statistically significant differences were
found in chemotherapeutic responses and survival out-
comes between the 2 groups, which suggests that chemo-
therapeutic efficacy is similar in both possible LCNEC and
LCNEC.

Keywords LCNEC - Possible LCNEC - Small cell
carcinoma - Chemotherapy - Biopsy

Introduction

In the 2004 edition of the World Health Organization
(WHO) classification, large cell neuroendocrine carcinoma
(ILCNEC) of the lung was defined using detailed criteria for
each subtype of neuroendocrine tumor; LCNEC was sub-
categorized as a variant of large cell carcinoma. The his-
tological findings of LCNEC are large tumor cells with a
low nuclear/cytoplasm ratio, prominent nucleoli, a high
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mitotic rate (11 or more mitotic figures in 10 high-power
fields), a high degree of necrosis, and neuroendocrine (NE)
morphologic features, such as rosette formation, organoid
nesting, and palisading. Immunohistochemical positive
staining for at least 1 NE marker, such as neural cell
adhesion molecule (NCAM), chromogranin A, and syn-
aptophysin, is also required [1].

LCNEC is a rare tumor accounting for approximately
3 % of all resected pulmonary malignancies [2—4]. Most
previous reports have found that LCNEC predicted poorer
survival than expected for stage-matched non-small-cell
lung carcinoma (NSCLC) [2—4]. The malignant behavior
and poor prognosis of LCNEC have been reported to be
similar to those of small-cell lung carcinoma (SCLC)
[5, 6]. However, these reports were limited to surgically
resected specimens, because it is difficult to fully meet the
histological criteria required to diagnose LCNEC using
small biopsy specimens. One of the serious problems with
LCNEC is that there are few studies evaluating the clinical
features and prognosis of advanced cases, since diagnosis
of advanced LCNEC using a small specimen is often dif-
ficult. There is no established therapeutic strategy for
LCNEC, particularly for advanced cases.

Recently, Igawa et al. [7] attempted to diagnose
advanced LCNEC using biopsy specimens, and reported
that the pathological findings of LCNEC on biopsy speci-
mens were defined NSCLC with some NE morphology and
1 or more positive NE markers with a high Ki-67/MIB 1
labeling index. Shimada et al. [8] also reported similar
results. In 2011, Travis and colleagues suggested use of the
term “possible LCNEC” for NSCLC with NE morphology
and positive NE markers (NCAM, chromogranin A, and/or
synaptophysin), excluding definite adenocarcinoma and
squamous cell carcinoma, in a small biopsy specimen [9].
To evaluate the diagnosis of possible LCNEC, we com-
pared the efficacy of chemotherapy in LCNEC and possible
LCNEC in this study.

Patients and methods
Patients

From September 2002 to September 2011, we selected
patients consecutively whose pathological diagnoses were
LCNEC or possible LCNEC who received platinum-based
chemotherapy as first-line chemotherapy from patient
records at Shizuoka Cancer Center. We excluded patients
who received concurrent chemo-radiotherapy. LCNEC and
possible LCNEC were diagnosed using either primary or
metastatic lesions. The sampling method was not defined,
i.e., whether it was by biopsy or surgery. LCNEC was
diagnosed according to the 2004 WHO criteria, using
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samples obtained by surgically resection. The diagnosis of
possible LCNEC was made when LCNEC was highly
suspected, but it was difficult to fulfill the conventional
WHO criteria. All cases had confirmed positivity of 1 or
more immunohistochemical NE markers (NCAM, chro-
mogranin A, and synaptophysin) and showed a high MIB 1
labeling index (more than 40 %).

Evaluation

Chemotherapeutic response was accessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST):
Revised RECIST guideline (version 1.1) [10]. To define
disease progression or relapse, patients were evaluated by
physical examination, chest radiography, and computed
tomography (CT) of the chest and abdomen. In some
patients, we used positron emission tomography (PET)—
CT, magnetic resonance imaging (MRI), or bone scintig-
raphy to detect the extent of disease progression. Their
clinical disease staging was reassessed according to the
latest Union for International Cancer Control (UICC)
staging criteria (7th edition) [11].

Progression-free survival (PFS) was scored as an event
of documented disease recurrence or death measured from
the start of first-line chemotherapy to the date of an event
or the last follow-up. Overall survival (OS) was measured
from the start of first-line chemotherapy to the date of death
or the last follow-up. '

Statistical analysis

All categorical variables and objective response rates were
analyzed using the chi-squared test or Fisher’s exact test, as
appropriate. Distributions of PFS and OS were estimated
using the Kaplan—-Meier method, and the LCNEC and
possible LCNEC groups were compared using the log-rank
test. All p values were 2 sided, and values <0.05 were
considered statistically significant. All analyses were per-
formed using JMP 9 software (SAS Institute, Cary, NC,
USA). This study was approved by the institutional review
board.

Results

A total of 34 patients were eligible for this retrospective
study, including 10 LCNEC patients diagnosed using sur-
gically resected specimens. The resection sites for diag-
nosis of LCNEC were the lung (n = 6), brain metastasis
(n = 3), and bone metastasis (n = 1). All 24 possible
LCNEC patients were diagnosed using small biopsy
specimens, and the biopsy sites were transbronchial biopsy
(n = 18), CT-guided needle biopsy (n = 4), surgical
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