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Backgrounds: Chemotherapy is a mainstay in the treatment of extensive-disease small-cell lung cancer
(ED-SCLC), although the survival benefit remains modest. We conducted a phase Il trial of amrubicin
(a topoisomerase II inhibitor) and topotecan (a topoisomerase 1 inhibitor) in chemotherapy-naive and
relapsed SCLC patients.

Keywords: Methods: Amrubicin (35 mg/m?) and topotecan (0.75 mg/m?) were administered on days 3-5 and 1-5,
;‘;“(g)tc:cr;;er respectively. The objective response rate (ORR) was set as the primary endpoint, which was assessed
Ar: rubicin separately in chemotherapy-naive and relapsed cases.

Chemo-naive Results: Fifty-nine patients were enrolled (chemotherapy-naive 31, relapsed 28). The ORRs were 74% and
Sensitive relapse 43% in the chemotherapy-naive and relapsed cases, respectively. Survival data were also promising, with
Refractory relapse a median progression-free survival time and median survival time of 5.3 and 14.9 months and 4.7 and

10.2 months in the chemotherapy-naive and relapsed cases, respectively. Even refractory-relapsed cases
responded to the treatment favorably (27% ORR). The primary toxicity was myelosuppression with grades
3 or 4 neutropenia in 97% of the patients, which led to grades 3 or 4 febrile neutropenia in 41% of the
patients and two toxic deaths.

Conclusion: This phase Il study showed the favorable efficacy and moderate safety profiles of a topotecan

and amrubicin two-drug combination especially in relapsed patients with ED-SCLC.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The standard regimen for patients with extensive disease
small-cell lung cancer (ED-SCLC) has been cisplatin (CDDP)-based
chemotherapy. Combination therapy with etoposide (ETP) and
CDDP or irinotecan and CDDP has been very effective in pre-
viously untreated patients with ED-SCLC [1,2]. However, the
long-term survival rate is low; early relapse occurs in the majority
of responders, and salvage chemotherapy for SCLC yields dis-
appointing results [3]. The survival of patients with ED-SCLC
enrolled in phase III trials has not improved significantly over
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the last two decades, clearly suggesting the need for the fur-
ther development of novel, more effective agents or combination
regimens [4].

Recently, several novel agents have been developed with unique
mechanisms of action and have shown promise in the treatment of
SCLC [5]. One of them, amrubicin, is an entirely synthetic anthra-
cycline that inhibits DNA topoisomerase II activity. With an overall
responserate (ORR) of 78.8% and median survival time (MST) of 11.0
months, amrubicin has demonstrated antitumor activity against
previously untreated SCLC [6]. Another novel agent, topotecan, is a
semi-synthetic water-soluble analog of camptothecin that inhibits
DNA topoisomerase I activity. It, too, has shown favorable antitu-
mor activity against SCLC with an ORR of 39% and MST of 9.0 months
[7]. Previously, we conducted a phase  trial to determine the safety
and efficacy of a two-drug combination chemotherapeutic regimen
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of amrubicin and topotecan in patients with untreated or relapsed
ED-SCLC [8].

Based on the results of the phase I trial, we conducted a phase
Il trial of amrubicin and topotecan in patients with untreated
or relapsed ED-SCLC to determine the ORR primarily. Secondary
objectives were to investigate toxicity, progression-free survival
(PES), and overall survival.

2. Materials and methods
2.1. Eligibility criteria

Patients were recruited based on the following eligibility cri-
teria: pathologically proven SCLC; chemotherapy-naive ED-SCLC
defined as distant metastasis, contralateral hilar lymph node
metastasis or malignant pleural effusion [9], or relapsed disease
(one prior regimen allowed); Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0-3; age <75 years; presence
of measurable lesions; no chemotherapy within 4 weeks before
entry in the study; adequate hematological [white blood cell (WBC)
count >3000/wL, neutrophil count >1500/uL, hemoglobin level
>8.5g/dL, platelet count >10 x 10%/pL], renal (serum creatinine
level <1.5mg/dL), and hepatic (total bilirubin level <1.5 mg/dL,
serum transaminases <2.5 x upper limit of normal range) func-
tion; and adequate pulmonary reserves [arterial oxygen pressure
(Pa0,) >60Torr]. Relapsed cases included those with sensitive
relapse (an interval of at least 90 days after the completion of
first-line chemotherapy) and chemotherapy-refractory relapse (no
response to first-line chemotherapy or relapse within 90 days after
the completion of first-line chemotherapy). Patients with symp-
tomatic brain metastasis, double cancer, massive effusion requiring
drainage, or severe comorbidities (e.g., uncontrolled diabetes, heart
disease, infectious disease, or pulmonary fibrosis) were ineligible.
Pretreatment evaluations included a complete history, physical
examination, laboratory tests, chest radiography, electrocardio-
graphy, computed tomography (CT) of the chest and abdomen,
magnetic resonance imaging (MRI) of the brain, and a radionuclide
bone scan. Staging was conducted according to the tumor, node,
metastasis system [10]. Positron emission tomography (PET)/CT
was also used for staging in some cases.

All patients gave written consent, and the protocol was
approved by the institutional review board of each participating
institute and performed in accordance with the amended 2000
version of the World Medical Association’s Declaration of Helsinki.

2.2. Treatment scheme

The doses and schedules of both agents were based on phase [
trial results [8]. Topotecan was diluted in 100 mL of physiological
saline and administered intravenously as a 1-h infusion at a dose
of 0.75 mg/m? on days 1 through 5. After completing the topotecan
infusion, amrubicin was diluted in 20 mL of physiological saline and
administered intravenously as a 5-min bolus injection at a dose of
35mg/m? on days 3 through 5. Each patient was pre-medicated
with intravenous dexamethasone and granisetron.

The treatment was repeated every 4 weeks for up to four cycles
unless disease progression or unacceptable toxicity was observed,
or the patient refused further treatment. Initiation of the next
cycle of chemotherapy was delayed until the WBC and platelet
count recovered to >3000/pL and >10 x 10%/u.L, respectively, and
non-hematologic toxicities resolved to <grade 1. If hematological
toxicity of grade 4 lasting more than 4 days or non-hematological
toxicity >grade 3 was observed in a prior cycle, the amrubicin dose
was reduced each cycle by 5mg/m?2. The protocol treatment was
stopped if patients developed the same toxicities after the sec-

ond dose reduction. If grade 4 leukopenia, grade 4 neutropenia,
or febrile neutropenia was observed, use of granulocyte colony-
stimulating factor (G-CSF) was permitted.

2.3. Assessment of antitumor activity and toxicity

Response Evaluation Criteria in Solid Tumors (RECIST) version
1.0 guidelines were applied to evaluate responses. Patients were
evaluated for SCLC, with tumor assessments at baseline every two
cycles, and at the end of treatment. The best overall response
was defined as the best response recorded from the start of treat-
ment until disease progression or recurrence. Complete and partial
responses were confirmed by two observations no <4 weeks apart.
A determination of stable disease required disease stabilization for
at least 6 weeks. In this study, we also defined the disease control
rate (DCR) as the proportion of patients with complete and partial
responses and stable disease [ 11]. All toxicities were graded accord-
ing to the National Cancer Institute Common Terminology Criteria
for Adverse Events v3.0. Patients were monitored closely for signs
of cardiotoxicity during the study, and an electrocardiogram was
required at the start of treatment.

2.4. Statistical analysis

The primary endpoint of this study was the overall response
rate (ORR), and secondary end points were PFS, overall survival,
and the toxicity profile. The efficacy of topotecan and amrubicin
combination therapy was assessed separately for chemotherapy-
naive and relapsed patients. For chemo-naive cases, assuming that
a90% ORR in eligible patients would indicate potential usefulness,
whereas a 70% ORR would constitute the lower limit of interest,
with &=0.10 and B8=0.10, the estimated accrual was 25 patients.
For relapsed cases, assuming that a 30% ORR would indicate poten-
tial usefulness, whereas a 10% ORR would constitute the lower
limit of interest, with ¢=0.10 and 8=0.10, the estimated accrual
was also 25 patients. This regimen was to be rejected when <12
and <2 of the first 16 cases had an ORR at the interim analysis, for
the chemotherapy-naive and salvage cases, respectively. With an
assumed 10% dropout rate, the number of patients needed was 28
each. Overall survival was defined as the interval between the date
of enrollment in this study and death or the last follow-up visit.
PFS was defined as the interval between the date of enrollment
and the date of the first observation of disease progression or death
from any cause. The survival distribution was estimated using the
Kaplan-Meier method. All statistical analyses were conducted with
STATA/SE version 10.0 software (College Station, TX).

3. Results
3.1. Patient characteristics and treatment delivery

A total of 59 consecutive patients with 31 chemotherapy-naive
and 28 relapsed ED-SCLC were enrolled from eight institutions.
Their demographics are shown in Table 1. All patients were assess-
able for efficacy and safety. The median number of treatment
cycles was four (range 1-7 cycles) and three (range 1-8 cycles) in
the chemotherapy-naive and relapsed cases, respectively. Among
patients who received only three or less cycles of treatment, the
most common reason for treatment cessation, was disease progres-
sion (15 of the 29 patients). At the time of analysis, 29 of 31 (94%)
chemotherapy-naive and 24 of 28 (86%) relapsed patients devel-
oped disease progression. Of these, 26 chemotherapy-naive and
11 relapsed patients received salvage chemotherapies: platinum-
based doublet (n=19), non-platinum-based doublet (n=5), and
monotherapy (n=2) in the chemotherapy-naive patients, and
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Table 1
Demographics of the patients (n=59).

Chemo-naive (n=31)

Relapsed (n=28)

Age, median (range), years 67 (52-75)
Gender (M/F) 28/3

ECOG PS (0/1/2) 3/26/2
Smoking history (current/former/never) 11/15/2

Prior irinotecan use -
Prior etoposide use -
Type of treatment setting
Sensitive relapse -
Refractory relapse -

69 (54-73)
24/4
11/15/2
16123

7

21

17
11

Sensitive relapse (at 90 days after completion of first-line chemotherapy). Chemotherapy-refractory relapse (no response to first-line chemotherapy or relapse within 90
days after completing first-line chemotherapy). Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status.

Table 2
Objective response and survival.

Chemo-naive (n=31)

Relapsed (n=28)

No. No. %

Response

Complete response 1 0 0

Partial response 22 12 43

Stable disease 6 11 39

Progressive disease 2 4 14

Not assessable 12 3
Overall response rate 23 74 12 43
(95% C1) (55-88) (24-63)
Disease control rate 29 94 23 82
Survival

Median PFS (months) 5.3 4.7

Median OS (months) 14.9 102

1-yr OS (95% CI; %) 68.4 (47.8-82.3)

29.9 (14.3-47.4)

Abbreviations: PFS, progression-free survival; 0S, overall survival; Cl, confidence interval.

2 Early death.

platinum-based doublet (n=4), non-platinum doublet (n=1), and
monotherapy (n=6)in the relapsed patients.

3.2. Response

Due to early febrile neutropenia-related death (day 20, cycle 1),
one patient received no formal response assessment. The planned
interim analysis revealed this regimen had potent activity (13
and 6 responders) and the committee decided to continue further
patient accrual in the chemotherapy-naive and salvage settings,
respectively. The ORR of chemotherapy-naive patients was 74%
(95% confidence interval (CI) 55-88%). This did not satisfy the
initial setting of the lower limit of interest (70%), and thus the
primary endpoint was not met for this population. By contrast,
43% of relapsed patients responded to the study treatment (95%
C124-63%), which clearly met the lower limit of interest (10%).

In 28 relapsed patients, the ORR and DCR were 53% and 82%,
respectively, for the sensitive-relapsed cases, and 27% and 82%,
respectively, for the refractory-relapsed cases (Table 3).

3.3. Survival

All the patients were assessable for the survival analysis. At
the time of this analysis (January 2010), 11 patients were still
alive, and median follow-up time was 43.2 months ranging from
4.3 to 75.9 months. The median PFS time was 5.3 months for
the chemotherapy-naive cases and 4.7 months for relapsed cases
(Table 2 and Fig. 1). The overall median survival time (MST) was
14.9 and 10.2 months for the chemotherapy-naive and relapsed
cases, respectively. When relapsed cases were classified by the
type of relapse pattern, the median progression-free survival was
5.8 months in patients with sensitive relapse and 3.3 months in

patients with refractory relapse. The overall median survival time
was 10.2 and 10.5 months in sensitive and refractory relapse,
respectively (Fig. 2).

3.4. Safety

Adverse events of grade 3 or worse are listed in Table 4.
Myelosuppression was the primary adverse event. Grades 3 and
4 neutropenia, thrombocytopenia, and anemia were observed in
97%, 51%, and 42% of the patients, respectively. Median duration of
neutropenia was five days. G-CSF was administered in 50 patients
(85%), whereas 14 patients received blood transfusion. Grade 3
or worse non-hematological toxicities including anthracycline-

Table 3
Subset analysis of efficacy stratified by the type of relapse.
Sensitive relapse Refractory relapse
(n=17) (n=11)
No. % No. %
Response
Complete response 0 0 0 ]
Partial response 9 53 3 27
Stable disease 5 29 6 55
Progressive disease 2 12 2 18
Not assessable 12 6 - -
Overall response rate 9 53 3 27
Disease control rate 14 82 9 82
Survival
Median PFS (months) 5.8 33
Median OS (months) 10.2 10.5
1-yr OS (95% Cl; %) 38.2(15.9-60.5) 18.2(2.9-44.2)

Abbreviations: PFS, progression-free survival; 0S, overall survival; Cl, confidence
interval.

3 Early death.
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Fig. 1. Overall (solid) and progression-free (dotted) survival curves. (A) Chemotherapy-naive patients and (B) relapsed patients.
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Fig. 2. Overall (solid) and progression-free (dotted) survival curves. (A) Sensitive-relapsed patients and (B) refractory-relapsed patients.

related cardiac toxicities were relatively mild, except for febrile
neutropenia, which resulted in two treatment-related deaths
(chemo-naive setting and refractory relapsed setting in one each).

4. Discussion

In this relatively small study, the combination of amrubicin and
topotecan yielded an ORR of 74% and 43% in the chemotherapy-
naive and relapsed cases, respectively. The survival data were also
promising with a median PFS time and MST of 5.3 and 14.9 months
and 4.7 and 10.2 months in the chemotherapy-naive and relapsed
cases, respectively. Even refractory-relapsed cases responded to
this treatment (27% ORR). The major observed toxicity was myelo-
suppression. Grades 3 and 4 neutropenia occurred in 97% of the
patients, resulting in grades 3 and 4 febrile neutropenia in 41% of
the patients.

Table 4
Adverse events (grade 3 or worse).
Grade 3 Grade 4 >Grade 3 (%)
Hematologic
Neutropenia 10 47 97
Thrombocytopenia 15 15 51
Anemia 21 4 42
Non-hematologic
Fatigue 2 3 9
Febrile neutropenia 20 4 41
Nausea/vomiting 2 1 5
Diarrhea 0 1 2
Pneumonitis 1 1 3
lleus 0 1 2

In a first-line setting, platinum plus irinotecan or etoposide
is considered a standard treatment for ED-SCLC and approved in
Japan. These regimens produce an ORR of 68-84%, a median PFS
of 4.8-6.9 months, and a MST of 9.4-12.8 months [1]. Combina-
tion therapy consisting of cisplatin plus topotecan or cisplatin plus
amrubicin has also been evaluated and has similar effects (56-88%
ORR, 7.0-month median PFS, and 10.3-13.6 month-MST)[12,13].In
this study, combination therapy of topotecan and amrubicin pro-
duced less favorable efficacy than we initially expected although
it yielded a nearly identical efficacy with a 74% ORR, 5.3-month
median PFS, and 14.9 month-MST.

With regard to relapsed patients, Inoue et al. conducted a
randomized phase II trial of amrubicin versus topotecan for
relapsed SCLC patients and reported an ORR of 38% and 13% in
amrubicin monotherapy and topotecan monotherapy, respectively
[14]. The respective median PFS times and MSTs were 3.5 and
8.1 months (amrubicin monotherapy) and 2.2 and 8.4 months
(topotecan monotherapy). Based on our post hoc sub-analysis strat-
ifying relapse type, the efficacy of the amrubicin and topotecan
combination therapy seemed more favorable especially in the
refractory-relapsed cases when compared simply with each single
therapy (27% vs. 0-17% ORR, 82% vs. 18-68% DCR, 3.3 vs. 1.5-2.6-
month median PFS, and 10.5 vs. 5.3-5.4-month MST) [14]. Another
trial also showed somewhat lower response rate of amrubicin
monotherapy for refractory cases [15]. This might suggest some
synergistic effects of the two drugs despite the need for further
investigations.

As for the toxicity profiles, neutropenia in our combina-
tion therapy was mainly moderate, which parallels that in our
prior phase I trial [8]. The occurrence of neutropenia in 83-93%
of the patients undergoing amrubicin monotherapy [14,16,17]
and 87% of the patients undergoing topotecan monotherapy
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[14] seemed also similar to our findings. Furthermore, as in
monotherapy, non-hematological toxicities other than febrile neu-
tropenia of the amrubicin and topotecan combination therapy
were generally tolerable. However, thrombocytopenia, anemia,
febrile neutropenia and two toxic deaths seemed more severe
in the combination therapy than the monotherapy [6,14,15],
suggesting the need for cautious administration of the doublet
therapy.

We have several limitations. Since this was an exploratory phase
II'single-arm trial, some selection bias is possible, and a simple com-
parison between our results and historical clinical data would be
unwarranted and inconclusive. A prospective comparative study
is clearly required. Also, this study design mixes up 3 populations
of patients (untreated, relapsed-sensitive, and relapsed-refractory).
Since only 59 patients enrolled, interpretation of the results is lim-
ited by the 3 small subsets of patients. The two populations of
relapsed patients should have been stratified prospectively. Fur-
thermore, we accrued PS3 patients as well as PS 0-2 patients in
this study according to the previous clinical trial designs [18,19].
However, to date, this inclusion criterion has been unusual in most
clinical trials, and the great majority of patients accrued in this
study had indeed an excellent PS (0 or 1 in 93%). Thus, the efficacy
and safety for PS 2-3 pts would still remain unclear.

5. Conclusions

In conclusion, this phase II study showed the favorable efficacy
and moderate safety profiles of a topotecan and amrubicin two-
drug combination especially in relapsed patients with ED-SCLC,
while this regimen was less effective in the first-line setting and
not worth while further being evaluated.
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BACKGROUND:  Erythropoietin-stimulating agents (ESAs) effectively decrease the transfusion requirements of patients with
chemotherapy-induced anaemia (CIA). Recent studies indicate that ESAs increase mortality and accelerate tumour progression.
The studies also identify a 1.6-fold increased risk of venous thromboembolism. The ESA labelling was thus revised in Furope and the
United States in 2008, This is the first randomised, phase il trial evaluating the efficacy and safety of epoetin-B (EPO), an ESA, dosed
in accordance with the revised labelling, which specifies that ESAs should be administered to CIA patients with a haemoglobin level of
<10gd™" and that a sustained haemoglobin level of > 12gdl™" should be avoided.

METHODS: A total of 186 CIA patients (8.0gdl™" < haemoglobin < 10.0 gdi=") with lung or gynaecological cancer were randomised
to receive EPO 36 0001U or placebo weekly for 12 weeks.

RESULTS: The proportion of patients receiving transfusions or with haemoglobin <8.0gdI™" between week 5 and the end of the
treatment period as the primary end point was significantly lower in the EPO group (n=89) than in the placebo group (n=92;
10.0% vs 56.4%, P<0.001). The proportion receiving transfusions was significantly lower in the EPO group (4.5% vs 19.6%, P=0.002).
Changes in quality of life were not different. No significant differences in adverse events — for example, the incidence of
thromboembolic events was 1.1% for each group — or the |-year overall survival were observed between groups.

CONCLUSION: Weekly EPO administered according to the revised labelling approved by the European Medicines Agency is effective
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Anaemia is a common adverse event in cancer patients receiving
chemotherapy, particularly in patients with lung and gynaecolo-
gical cancers (Ludwig et al, 2004; Ohe et al, 2007; Katsumata et al,
2009). Several of the symptoms associated with anaemia, such as
fatigue, syncope, palpitations and dyspnoea, reduce patient activity
and have a profound effect on the quality of life (QOL) (Bokemeyer
et al, 2007). Red blood cell (RBC) transfusion is one of the
available treatments for anaemia. However, RBC transfusion is
associated with a risk of volume overload, infection of unknown
virus and transfusion reactions. And in Japan, blood transfusion
therapy is problematic because of an increasing demand for blood
products and a scarcity of blood supply arising from the declining
birth rate and ageing population.

In Europe and the United States, erythropoiesis-stimulating
agents (ESAs) have been used since 1993 for the treatment of
chemotherapy-induced anaemia (CIA). The ESAs increase haemo-
globin levels and reduce the need for RBC transfusion (Littlewood
et al, 2001; ﬁsterborg et al, 2002). Since 2003, several studies have
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and well tolerated for CIA treatment. Further investigations are needed on the effect of ESAs on mortality.
British Journal of Cancer (2011) 105, 1267—1272. doi:10.1038/bjc.2011.395 www.bjcancer.com

suggested that ESAs are associated with increased mortality and/or
tumour progression in cancer patients when administered with a
target haemoglobin level of >12gdl™" (Hedenus et al, 2003;
Henke et al, 2003; Leyland-Jones et al, 2005; Overgaard et al, 2007;
Wright et al, 2007; Smith et al, 2008; Thomas et al, 2008).
Accordingly, the risks of ESAs have been investigated by
regulatory authorities (Juneja et al, 2008) and, in response to
these investigations, the labelling of ESAs in Europe and the
United States was revised in 2008. A recent meta-analysis of ESAs
has suggested that the increase in mortality in ESA-treated cancer
patients undergoing chemotherapy is less pronounced than in
those patients undergoing other anticancer treatments such as
radiotherapy or no anticancer treatment (Bohlius et al, 2009a, b).
Similarly, another meta-analysis indicated that when used within
current European Organisation for Research and Treatment of
Cancer (EORTC) treatment guidelines, the ESA epoetin-§ (EPQ)
had no negative impact on survival and tumour progression
(Aapro et al, 2008a). However, the risks of ESAs have also
been shown to be independent of haemoglobin levels and
dosing (Bennett et al, 2008; Bohlius et al, 2009a,b), and these
meta-analyses were not able to verify that the risks of ESAs were
completely eradicated by adherence to the new labelling.
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The purposes of this study were to evaluate the efficacy and
safety of EPO for the treatment of CIA with a dosing strategy
according to the current labelling approved by the European
Medicines Agency (EMA) (inclusion haemoglobin level criteria
<10gdl™", ceiling haemoglobin level =12gdl™*). We previously
conducted a dose-finding study of once-weekly EPO in CIA
patients with malignant lymphoma or lung cancer, and recom-
mended a weekly dose of 36000IU based on our results
(Morishima et al, 2006).

PATIENTS AND METHODS
Patient eligibility

Inclusion criteria were as follows: (1) lung or gynaecological
cancer; (2) receiving platinum-based chemotherapy and expected
to receive at least two additional cycles of chemotherapy; (3) CIA
(8.0gdl™! <haemoglobin level <10.0gdl™'); (4) age between 20
and 79 years; (5) Eastern Cooperative Oncology Group perfor-
mance status (PS) of 0-2; and (6) adequate hepatic and renal
function.

Exclusion criteria included: (1) iron-deficiency anaemia (serum
transferrin saturation (TSAT) <15% or mean corpuscular volume
(MCV) <80um®); (2) ESA therapy within 8 weeks or RBC
transfusion within 4 weeks before the study; (3) surgery scheduled
during the study period; (4) previous radiation therapy to the
pelvis; (5) documented haemorrhagic lesions; (6) history of
myocardial, pulmonary or cerebral infarction; (7) uncontrolled
hypertension; (8) history of hypersensitivity to ESA; (9) serious
drug allergy; and (10) tumour in the central nervous system.

Study design and treatment

This multicentre, randomised, double-blind, placebo-controlled,
phase III study was conducted at 37 sites in Japan. The protocol
was approved by the institutional review board of the respective
hospitals, and written informed consent was obtained from all
patients who participated in the study. Patients were randomised
1:1 to receive EPO 36000IU or placebo subcutaneously once a
week for up to 12 weeks. Epoetin-f§ and placebo were supplied by
Chugai Pharmaceutical Co., Ltd (Tokyo, Japan). Participants in the
study and investigators (outcome assessors) were blinded toward
treatment allocation. Randomisation was conducted by a contract
research organisation (CRO) that was independent from the
investigators. The randomisation was carried out by a central
registration system and was stratified by tumour type, PS,
haemoglobin level and institution using a dynamic balancing
method. The randomisation table was kept sealed and stored until
a database lock by the CRO. Analysis methods were determined
before the database lock.

If the haemoglobin level increased to >12.0gdl™" at any time
during the study, administration was discontinued until the
haemoglobin level decreased to <11.0gd1'1, and was then
restarted at two-thirds of the previous dose (240001IU). If the
planned cycle of chemotherapy was completed or discontinued,
treatment was withheld at 6 weeks after day 1 of the final
chemotherapy cycle. A daily dose of 100-200 mg elemental iron
was administrated if TSAT fell to <15% or MCV fell to <80 um®.
The RBC transfusion was allowed at the discretion of the
investigator during the study.

Evaluation of efficacy and safety

The primary end point of this study was the proportion of patients
receiving RBC transfusion or with a haemoglobin level <8.0gdl™!
between week 5 and the end of the treatment period (EOTP). The
secondary end points were the proportion of patients receiving
RBC transfusion between week 5 and the EOTP, change in
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haemoglobin level and QOL from baseline to the EOTP. QOL was
evaluated using the Japanese Functional Assessment of Cancer
Therapy-Anaemia (FACT-An) questionnaire (Yoshimura et al,
2004). In this study, the FACT-An total fatigue subscale, which
consists of 13 fatigue-related questions, was the principal means of
analysis. The FACT-An total fatigue subscale scores (FSS) range
from 0 to 52, with higher scores indicating less fatigue.

Safety end points included adverse events, tumour progression
and death (during the treatment phase and 1l-year follow-up
period). Adverse events were assessed according to the National
Cancer Institute Common Toxicity Criteria, ver. 3, translated by
the Japan Clinical Oncology Group. The presence of neutralising
antibodies to EPO was assessed at baseline and the EOTP.

Statistical analysis

The sample size of 160 patients (including an anticipated
withdrawal rate of 40%, mainly because of completing or
discontinuing the planned cycle of chemotherapy) was calculated
to yield 80% power to significantly detect a 25% reduction (from
45 to 20%) in the primary end point, the proportion of patients
receiving RBC transfusion or with a haemoglobin level <8.0gdl™*
between week 5 and the EOTP. Statistical testing was conducted
using a two-sided significance level of P=0.05. The study was not
powered for QOL as a secondary efficacy end point. Patients who
received at least one dose of the study drug comprised the safety
population. For efficacy analysis, ineligible patients were excluded
from the safety population, resulting in the full analysis set (FAS)
population. The proportion of patients receiving RBC transfusion
or with a haemoglobin level <8.0gdl™' was estimated by the
Kaplan -Meier method. The requirement for RBC transfusion was
compared using the x> method. Changes in the haemoglobin level
and FSS between groups were compared using Student’s t-test.

RESULTS

Demographics and baseline characteristics

A total of 186 patients were enroled in the study between June and
December 2008, and 181 (89 EPO and 92 placebo) of these were
eligible for efficacy evaluation (the FAS population). Five patients
were excluded because of discontinuation before the first dosing
for the following reasons: withdrawal of patient consent (1 =2),
chemotherapy regimen cancelled (n = 1), patient eligibility criteria
violation (n=1) and a positive result in the skin test to EPO
(n=1). In all, 51 (57%) patients in the EPO group and 55 (60%) in
the placebo group completed 12 weeks of the study. Elemental iron
was administrated in 40 patients (45%) in the EPO group and 32
(35%) in the placebo group. The demographics and baseline
characteristics of the FAS population were well balanced (Table 1).
The range of haemoglobin levels at screening was 8.0-10.0gdl™*,
whereas those at baseline (1-17 days after the screening) ranged
from 7.2 to 11.4gdl™". The main chemotherapeutic regimen for
both lung and gynaecological cancer was carboplatin-paclitaxel
therapy.

Transfusion-related and haemoglobin end points

The proportion of patients receiving RBC transfusion or with a
haemoglobin level <8.0gdl™" between week 5 and the EOTP was
significantly lower in the EPO group than the placebo group
(10.0%; 95% confidence intervals (CIs) in the EPO group, 3.4-16.6
vs 56.4%; 95% CI in the placebo group, 45.4-67.4%, P<0.001;
Figure 1). Fewer patients received RBC transfusions between week
5 and the EOTP in the EPO group (4 of 89 patients, 4.5%) than in
the placebo group (18 of 92 patients, 19.6%, P = 0.002). The range
of pretransfusion haemoglobin levels at the time of the first
transfusion was 5.3-8.1gdl™".

© 201 | Cancer Research UK




Table | Characteristics of full analysis population
EPO Placebo
(n=289) (n=92)
Sex
Male 47 40
Female 42 52
Age (years), median (min—max) 67 (40-79) 63.5 (44-79)
Weight (kg), median (min-max) 53.5 (35-102) 52.8 (374-78.1)
Tumour
Small cell lung cancer 20 (22.5) 22 (239)
Non-small cell lung cancer 40 (44.9) 38 (41.3)
Ovarian cancer 19 (21.3) 19 (20.7)
Other 10 (11.2) 13 (14.1)
ECOG performance status
0 42 (47.2) 41 (44.6)
| 45 (50.6) 50 (54.3)
2 2(22) (LY
Haemoglobin (gdi™"), median (min—max) 94 (8.1-114) 93(72-114)
Transferrin saturation (%), median (min—max) 25.1 (54-97.6)  24.1 (64~99.4)

Serum endogenous erythropoietin 43 (7.78-577)

(miUml™"), median (min~rmax)

43.6 (10.5-320)

Abbreviations: EPO = epoetin-ff; ECOG = Eastern Cooperative Oncology Group.
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Figure | Time to RBC transfusion or haemoglobin level <80gd™".

The mean change in haemoglobin level from baseline to the
EOTP in the EPO group (1.9gdl” 1) was significantly higher than
that in the placebo group (0.0gdl™", P<0.001). Figure 2 shows the
mean changes in haemoglobin levels throughout the study in both
groups. The mean nadlr haemoglobin level between week 5 and the
EOTP was 9.7 gdl™" in the EPO group and 7.9 gdl ™" in the placebo
group (P<0.001).

The percentage of patients with a haemoglobin level
>12. Ogdl after dosing, and whose administration was halted,
was 50% in the EPO group and 2% in the placebo group.

QoL

Overall compliance in terms of the percentage of patients who
completed the FACT-An questionnaire was 98.3% (178 of 181) at
baseline and 93.9% (170 of 181) at the end of the study. The mean
baseline FSS was 35 points in the EPO group and 33 points in the
placebo group. The mean changes in FSS from baseline to the
EOTP in the EPO group were higher than in the placebo group, but
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Study week
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Figure 2 Change in haemoglobin level by treatment group.
Abbreviation: EOTP = end of treatment period.

Table 2 Incidence of adverse events
EPO (n=89) Placebo (n=92)
No. of No. of
patients % patients %
Adverse events 88 989 92 100.0
Common adverse events
Neutropenia 82 92.1 74 80.4
Leucopenia 81 91.0 77 83.7
Thrombocytopenia 6l 68.5 55 59.8
Lymphocytopenia 44 494 52 56.5
Anorexia 43 48.3 50 543
Nausea 43 48.3 46 500
Adverse drug reactions 37 41.6 28 304
Common adverse drug reactions
Constipation 6 67 2 22
Increased blood pressure 5 5.6 3 33
Diarrhoea S 56 ! Il

Abbreviation: EPO = epoetin-f.

these changes did not achieve statistical significance (0.30 vs —0.99,
P=0.387).

Safety

A total of 181 patients received study treatment and were included
in the safety analysis. The overall incidence of adverse events was
similar between the two groups (99% EPO and 100% placebo).
There were 120 adverse events (in 37 patients) related to the study
drug (adverse drug reactions) in the EPO group and 78 (in 28
patients) in the placebo group. Of these adverse drug reactions,
constipation (6.7%), increased blood pressure (5.6%) and
diarrhoea (5.6%) were reported by at least 5% of patients in the
EPO group (Table 2). In all, 8 patients (14 events) in the EPO group
and 17 patients (21 events) in the placebo group experienced
serious adverse events. Of these, 5 events (acute respiratory
distress syndrome, pneumonia, pulmonary embolism, neutropenia
and thrombocytopenia) were considered to be related to EPO. As a
thromboembolic event, one pulmonary embolism was observed in
the EPO group. It was not associated with higher haemoglobin
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level (the haemoglobin level at the onset was 9.4gdl™"). In the
placebo group, haemorrhagic cerebral infarction (asymptomatic;
no treatment was required) occurred in one patient. The
proportion of patients who experienced tumour progression
during the treatment period was similar in both groups (27.0%
in the EPO group and 26.1% in the placebo group). No neutralising
antibodies to EPO were detected.

Survival

One patient in the EPO group died during the active study period.
Follow-up survival data for all 181 patients who received the study
drug were gathered through December 2009, at which time the
median follow-up period was 54 weeks after the first dose of
study drug. The 1-year overall survivals were 58.7% (95% CI,
48.4-69.1%) and 63.4% (95% CI, 53.4~73.3%) in the EPO and
placebo groups, respectively (P =0.560, by the log-rank test), and
the hazard ratio (HR) was 1.15 (95% CI, 0.72-1.85).

DISCUSSION

Erythropoietin-stimulating agents, one of the treatment options for
anaemia, raise haemoglobin levels, reduce the proportion of
patients requiring transfusions and improve QOL (Littlewood et al,
2001; (5sterborg et al, 2002; Boogaerts et al, 2003; Iconomou et al,
2003). However, recent meta-analyses on QOL have shown that
ESAs induce a statistically significant but not clinically meaningful
improvement of fatigue as measured with FACT-Fatigue (Tonelli
et al, 2009; Minton et al, 2010). The ESAs have been approved for
the treatment of CIA, and are widely used in the United States and
Europe. The EPO is approved and marketed in Europe but not in
the United States.

In recent years, however, several randomised clinical trials using
ESAs (Hedenus et al, 2003; Henke et al, 2003; Leyland-Jones et al,
2005; Overgaard et al, 2007; Wright et al, 2007; Smith et al, 2008;
Thomas et al, 2008) and meta-analyses (Bennett et al, 2008;
Bohlius et al, 2009a,b) have raised concerns about the negative
impact on overall survival and tumour progression. Such safety
issues regarding the use of ESAs in cancer patients have been
discussed by regulatory authorities in the United States and
Europe for several years (Juneja et al, 2008). To minimise the risks,
both regulatory authorities have revised the labelling for ESAs and
restricted their use in cancer patients. One of the restrictions in the
United States is not to administer ESAs to patients with potentially
curable cancers. Based on the decisions made by the EMA, the
current labelling information specifies that ESAs should be
administered to cancer patients with CIA whose haemoglobin
level is <10gdl™' and that a sustained haemoglobin level of
>12gdl™" should be avoided. The present study was the first to
evaluate the efficacy and safety of ESAs when dosed in accordance
with the current labelling approved by the EMA in a randomised,
double-blind, placebo-controlled manner. The inclusion criterion
with regard to haemoglobin level was 8.0-10.0gdl™", and the
median baseline haemoglobin level was 9.4 gdl ™" in the EPO group
and 9.3gdl™" in the placebo group. If the haemoglobin level
increased to >12.0gdl™" during the study period, the study drug
was discontinued until the haemoglobin level decreased to
<1l0gdl™h

The results of this study demonstrated that once-weekly EPO
administration significantly reduced the proportion of patients
requiring RBC transfusions or having a haemoglobin level
<8.0gdl™! after 4 weeks of treatment (10.0% vs 56.4%,
P<0.001) and also reduced the proportion of patients requiring
RBC transfusions (4.5% vs 19.6%, P = 0.002); however, the dosing
strategy in this study was conservative compared with those of
previous studies (Boogaerts et al, 2003; Iconomou et al, 2003;
Fujisaka et al, 2006; Morishima et al, 2006; Nakagawa et al, 2007;
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Aapro et al, 2008a,b; Suzuki et al, 2008; Bohlius et al, 2009a, b;
Tsuboi et al, 2009). The relatively low percentage of patients
receiving transfusions in both groups reflects the fact that
most physicians hesitate to prescribe transfusions, preferring
to monitor the situation until anaemia symptoms become
remarkable. The pretransfusion haemoglobin levels at the time
of the first transfusion in the current study were in the range of
53-8.1gdl™"%

EPO was well tolerated in this study. The incidence and types of
adverse events were similar between the EPO and placebo groups.
Previous meta-analyses have indicated that the use of ESAs leads
to an increased risk of thromboembolic events (relative risk (RR)
1.67; 95% CI, 1.35-2.06 (Bohlius et al, 2006) and RR 1.57; 95% CI,
1.31-1.87 (Bennett et al, 2008)). In the current study, one
pulmonary embolism was observed during treatment with EPO,
but no death due to thromboembolic events was reported.

The results of the latest Cochrane meta-analysis using individual
patient data from 53 ESA trials were recently published in the
Lancet (Bohlius ef al, 2009a, b). In this report, subgroup analysis of
data from chemotherapy-treated patients (10441 patients in 38
trials) indicated that the increase in mortality associated with ESAs
was less pronounced in this population (HR for death during
the active study periods=1.10; 95% CI, 0.98-1.24, P=0.12; HR
for overall survival=1.04; 95% CI, 0.97-1.11, P=0.263) than
in patients undergoing other anticancer treatments such as
radiotherapy, radiochemotherapy or no anticancer treatment
(HR 1.33-1.53). However, none of the studies included in the
Cochrane meta-analysis used ESAs in accordance with the revised
labelling indications (baseline haemoglobin levels, target and
ceiling and so on). Although the current study was not designed
and not powered to show that EPO did not increase mortality in
this dosing scheme and that EPO was safe, the number of patients
who died during the study period was one in the EPO group and
none in the placebo group. The 1-year overall survival in the
EPO group was 58.7% (95% CI 48.4-69.1%) and that in the
placebo group was 63.4% (95% CI 53.4-73.3%; log-rank,
P=0.560). There have been considerable debates as to the
mechanism by which ESAs increase the risk for mortality (Fandrey
and Dicato, 2009). One possible explanation is that aggressive
dosing with ESAs to achieve higher target haemoglobin levels (not
recommended in the revised labelling information) can cause
adverse effects. The FDA has requested that a prospective
randomised controlled trial of the use of ESAs be carried out,
assessing their safety at haemoglobin levels of <12gdl™". Such a
trial is currently ongoing in patients with non-small cell lung
cancer undergoing chemotherapy.

In conclusion, the findings from this study provide new
evidence that ESAs are effective and well tolerated when used
within the revised labelling indications by the EMA, with the
limitation that we did not formally search for thromboembolic
events. However, it is important that ESAs be used in accordance
with the labelled indications. In addition, the risk of thromboem-
bolic events and possible negative effects on survival should be
carefully weighed against the benefits of ESA treatment in patients
with CIA, taking into account the patients’ comorbidities and the
conditions under which they are treated. Further investigations are
needed on the effect of ESAs on mortality.
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Preface for JCOG Review Series
Nagahiro Saijo

Kinki University School of Medicine

JCOG (Japan Clinical Oncology Group) was started in 1990
and is the only governmental clinical trial group in Japan.
The ultimate purpose of JCOG is to establish gold standard
therapies for each tumor type based on scientifically and
ethically scheduled investigator-initiated clinical trials.
JCOG is composed of various committees for auditing and
management, a data center and clinical study groups. The
steering committee meeting is held four times a year and
decides the missions, principles and policies of JCOG, the
exchange of JCOG members and the approval of practical
protocols for clinical trials. JCOG has 15 study groups and
about 170 member institutions and hospitals. The number of
nominated institutions is limited to keep high quality of
JCOG. Inactive institutions have been replaced with other
institutions by the steering committee. The number of
patients accrued for each clinical trial is influenced by the
number of active protocols in each trial group. Some groups
are very active, while others have not yet completed any
trials. JCOG conducts only investigator-initiated trials and so
far has not been involved in any IND (Investigational New
Drug) trials. Because JCOG does not receive any funding
from pharmaceutical companies, the data are not biased by
conflicts of interest. Since 1978, JCOG has conducted 216
clinical trials, the majority of which were Phase III trials.
The results have been presented at regional and international
scientific meetings and have been reported in mainly English
language journals as original articles. Some have been
published in journals with high impact factors, such as the
New England Journal of Medicine, the Journal of the
National Cancer Institute, and the Journal of Clinical
Oncology.

In addition to the evaluation of new anticancer drugs, radi-
ation therapy and new surgical procedures have also been
tested in randomized controlled trials. Extremely important
data have been published by surgical groups. Some clinical
trials have produced positive results, but others did not
achieve their primary endpoints. In addition, the accrual of
patients was sometimes so poor that the clinical trial had to
be interrupted. In a few studies, an independent data moni-
toring committee suggested that patient accrual be stopped
because of the high incidence of severe toxicity arising from
treatment and unexpected negative or inverse results.

Recently, the publication of such data has become extremely
difficult because of the rapid increase in articles that are
being submitted to popular journals. The editors of such
journals have suggested that the rejection rate should be as
high as 80—90% and that ‘Me too-type” articles with no sig-
nificant data and single-arm Phase II studies of standard
therapy should be rejected because the cost of publication is
becoming too high and too many articles are waiting for
publication. As a result of this situation, data concerning
negative results or interrupted clinical trials are often diffi-
cult to publish. Nevertheless, such information is very
important to young active investigators who are developing
new protocols for clinical trials. JCOG has a policy that the
outcome of a clinical trial should be published in English
once it has been approved by the protocol review committee.
The Japanese Journal of Clinical Oncology has agreed to
publish review articles for each clinical trial group, enabling
‘hidden data’ to become available. Consequently, the chair-
man of each group in JCOG has been asked to write a
review article on their study group.

In each review, the author has included all the clinical
trials within their group that have been approved by the
protocol review committee of JCOG. Readers should be
able to recognize the development/refinement of each
study group and understand the reasons for negative
results and low patient accruals as well as the unexpected
early termination of studies. Readers will also be able to
understand the success rate of clinical trials. To complete
each clinical trial, numerous specialists must join and col-
laborate with one other. Therefore, clinical trials with
negative results and with low accruals should be avoided
as much as possible. This series will provide important
information regarding the writing of proper clinical proto-
cols for clinical trials.

The first review is written by Dr Takashi Onda,
Gynecologic Oncology Division of National Cancer Center,
on behalf of the chairman of the gynecological group. The
group has published four articles reporting the results of the
JCOGY412, 0206, 0602 and 0505 trials in the Int J Gynecol
Cancer, Gynecol Oncol, Jpn J Clin Oncol and Jpn J Clin
Oncol, respectively. Additionally, JCOG0102 and 0503 are
introduced in the review article.

© The Author (2011). Published by Oxford University Press. All rights reserved.
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Small-cell lung carcinoma with long-term survival: A case report
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Abstract. Small-cell lung carcinoma is the most aggres-
sive among lung cancer subtypes, has a poor prognosis and
is highly associated with smoking. We present a case of
small-cell lung carcinoma in a patient who had never smoked
and has survived for 14 years without achieving a complete
remission since the first relapse. His long-term survival may be
ascribed to the slow growth of the cancer cells, limited metas-
tasis and favorable responses to the treatments he has received.
During these 14 years, only two lymph node metastases and a
single metastasis to the brain developed. His small-cell lung
carcinoma has been well controlled each time by the various
treatments he has received, including chemotherapy, radio-
therapy and surgery. Pathologically, the tumor was a typical
small-cell lung carcinoma with extensive necrosis. Results
showed the mitotic rate and the cell proliferation markers
to be greater than those in the intermediate-grade atypical
carcinoid, but relatively low. Thus, we conclude that this case
belongs to an overlap between intermediate- and high-grade
neuroendocrine tumors.

Introduction

The 2004 World Health Organization (WHO) classification
proposed four subtypes of pulmonary neuroendocrine (NE)
tumors: low-grade typical carcinoid (TC), intermediate-grade
atypical carcinoid (AC) and two high-grade tumors, large cell
neuroendocrine carcinoma (LCNEC) and small-cell lung
carcinoma (SCLC) (1). SCLC is a highly aggressive cancer
and results in mortality in 2-4 months without treatment. Most
patients respond to primary therapy, but survival remains poor
and median survival times are reported to be approximately
24 months in limited disease and 12 months in extensive
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disease (2,3). In this study, we present a case of SCLC in a
never smoker who has survived for 14 years without achieving
a complete remission following the initial relapse.

Case report

In November 1996, a 44-year-old male, with no history of
smoking, presented at the Osaka Medical Center for Cancer
and Cardiovascular Diseases with an abnormal hilar shadow
in the left lung, complaining of cough and dyspnea. A comput-
erized tomography (CT) scan revealed a 4.5x3.0 cm hilar mass
in the left lung (Fig. 1A). The patient was cytologically diag-
nosed with SCLC by bronchoscopic examination (Fig. 1B).
Metastatic workup demonstrated that he had limited disease,
cI'2aN2MO stage ITIA (the 7th edition of the TNM system for
lung cancer). The values of serum neuron-specific enolase and
carcinoembryonic antigen were within normal limits and the
pro-gastrin-releasing-peptide (ProGRP) was not measured at
the time. The patient received four cycles of chemotherapy
consisting of cisplatin (CDDP) and etoposide, with concurrent
thoracic radiation of 44 Gy at 2.2 Gy/fraction daily. The treat-
ment resulted in a complete response. Prophylactic cranial
irradiation was not performed since there was no evidence to
recommend it at the time 4).

The patient remained asymptomatic and no sign of disease
recurrence was detected until December 1998, when right
mandibular lymphadenopathy was evidenced. By that time,
the level of ProGRP had gradually been elevating from 25 pg/
ml in October 1997 to 76 pg/ml in August 1998 and 133 pg/
ml in December 1998 (normal range 0-45 pg/ml). Aspiration
needle cytology of the lymph node revealed metastasis of
SCLC, leading to the diagnosis of recurrence of SCLC as the
cancer cells obtained from the lymph node revealed almost
the same morphological features as the primary lung tumor
cells. Since imaging studies showed no recurrence with the
exception of the lesion, and the WBC count was ~3 ,000/ul, the
patient was administered palliative radiotherapy with a total
dose of 70 Gy without chemotherapy. The lymphadenopathy
disappeared and the level of ProGRP decreased to 14.1 pg/ml.
Two years later, in April 2000, the right axillary lymph node
was found to be enlarged and cytology revealed metastasis of
SCLC. Palliative radiotherapy with a total dose of 60 Gy was
administered to the lesion. The lymph node swelling did not
disappear completely, but the level of ProGRP decreased from
154 to 44 pg/ml. Although the level of ProGRP was slowly



Figure 1. (A) A CT image in November 1996 revealed a 4.5x3.0-cm hilar
mass in the left lung. (B) Cytology of the material obtained bronchoscopi-
cally from the primary lung tumor revealed SCLC.

elevated to 150 pg/ml in November 2002, the patient observed
no further symptoms and subsequently stopped consultation
with the hospital.

The patient presented at the Osaka Medical Center for
Cancer and Cardiovascular Diseases again in September
2006. Neurological examinations at admission indicated
cerebral abnormality: left upper 1/4 homonymous hemianopsia
and dysrhythmia on the electroencephalogram. The level of
ProGRP was markedly elevated (2,860 pg/ml). Magnetic reso-
nance imaging (MRI) of the brain revealed a huge mass in the
right temporal lobe (Fig. 2A). The brain tumor was completely
excised and histopathological examination determined it to be
a metastasis of SCLC. The tumor was cytologically identical
to the primary lung cancer, showing extensive necrosis, a high
nuclear-to-cytoplasmic ratio and fine nuclear chromatin. The
mitotic rate was 14 mitoses per 10 high-power fields (HPF) in
this resected specimen. The Ki-67 labeling index was 25%.
Immunohistochemical stains were positive for NE markers,
including chromogranin A, synaptophysin and CD56 (Fig. 2B).
The primary hilar tumor in the left lung and the right axillary
lymph node revealed an increased uptake of fludeoxyglucose
in positron emission tomography (PET) scanning. The patient
received whole brain radiation therapy (WBRT) (30 Gy in
10 fractions), followed by systemic chemotherapy with CDDP
and irinotecan hydrochloride (CPT11). Although the doses
of CDDP and CPT11 were reduced to 50 and 50 mg/m?,
respectively, ProGRP levels decreased notably to 90.7 pg/ml,
following chemotherapy.

From September 2007, the level of ProGRP was again
gradually elevated. Recurrence of brain metastasis was

NISHINO et al: A CASE OF SCLC WITH LONG-TERM SURVIVAL

Figure 2. (A) Brain MRI in September 2006 showed a huge mass in the right
temporal lobe. (B) Hematoxylin and eosin (H&E) and immunohistological
staining of the specimen from the resected brain tumor. The tumor cells
were positive for CD56, chromogranin and synaptophysin, indicating the
neuroendocrine origin of the tumor. a, H&E stain; b, CD56 stain; ¢, chromo-
granin stain; d, synaptophysin stain. Original magnification, x200.

detected on the MRI in November 2008 and the patient
underwent intensity-modulated radiotherapy (IMRT) for the
brain tumor. Following IMRT, the patient was administered
chemotherapy with CDDP and CPT11. However, compliance
to the chemotherapy was poor due to hematological toxicity.
In September 2009, the patient was admitted for obstructive
pneumonia in the left lower lobe with high fever, and treated
successfully with antibiotics. The level of ProGRP elevated to
724 pg/ml and distinct progression of the primary hilar tumor
in the left lung was again detected by CT. The patient refused
to complete systemic chemotherapy and was followed up
for 1 year. In November 2010, CT and PET detected distinct
progression of the primary lung tamor resulting in atelectasis
of the left lower lobe and right axillary lymphadenopathy. The
level of ProGRP was elevated to 1,640 pg/ml. Chemotherapy
with amrubicin was administered in December 2010.

At present, the clinical course of the patient has continued
for 14 years following the initial diagnosis of SCLC and
4 years following the diagnosis of brain metastasis. The
brain remains relapse-free at present. The patient is currently
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continuing treatment with amrubicin for SCLC and his
performance remains positive.

Discussion

NE tumors represent approximately 20% of all primary lung
neoplasms (5). NE tumors of the lung are separated into four
subgroups: low-grade TC, intermediate-grade AC and two
high-grade malignancies, LCNEC and SCLC, according
to WHO in 2004 (1). SCLC is the most common NE tumor
(20% of total lung cancers), followed by LCNEC (3%), TC
(2%) and AC (0.2%) (6). The tumors differ morphologically,
immunohistochemically and structurally. The WHO clas-
sification defines SCLC as a NE tumor with greater than
10 mitoses/10 HPF and small-cell cytologic features. TC is
considered a NE tumor with carcinoid morphology, fewer
than 2 mitoses/10 HPF and lacking in necrosis, while AC is
defined as a NE tumor with carcinoid morphology showing
2-10 mitoses/10 HPF or necrosis (1). The grade of malignancy
of each NE subtype is correlated with clinicopathological
behavior and prognosis of the disease. TC and AC are rela-
tively slow-growing tumors and generally exhibit a favorable
outcome, while LCNEC and SCLC are very aggressive with a
dismal prognosis (5,6).

The accurate differential diagnosis of carcinoids from
SCLC is critical in the selection of the appropriate treatment.
Usually, SCLC is rarely mistaken for carcinoids, with the
exception of small biopsy materials. There are also certain
differences in the clinical background and profiles according to
the subgroup of NE tumors. Unlike carcinoids, SCLC is mark-
edly associated with a history of smoking (7,8). Carcinoids
tend to occur in younger patients (mean age 45-50 years),
whereas the high-grade NE tumors affect older patients (mean
age 65 years). The former are capable of distant metastases in
less than 20% of cases (most commonly to liver and bones),
and SCLC tends to metastasize to the brain, liver, adrenal
glands and bone with higher frequency (5,6). Due to the low
response rates for chemo- and radiotherapy, surgical resection
is primarily used in the treatment of carcinoids, whereas the
standard treatment for limited-stage SCLC includes combined
chemoradiotherapy due to high sensitivity. _

This case was initially diagnosed as SCLC in 1996 by
cytological sampling obtained using bronchoscopy. The initial
chemoradiotherapy resulted in a complete response. Ten
years later, a metastatic brain tumor was excised. Although
the clinical course was not typical for SCLC, the histo-
pathological features of the resected tumor confirmed the
diagnosis of SCLC due to the morphology of the tumor cells,
the positive staining with neuroendocrine markers and the
14 mitoses/10 HPF with extensive necrosis (according to the
WHO classification in 2004). The Ki-67 proliferative index
has recently been considered to be useful in distinguishing
between the various subtypes of NE tumors, particularly in
small biopsy and cytology specimens. The Ki-67 proliferation
rate of TC is less than 2% and AC is less than 20% (typical
rate ~10%), while the two high-grade NE tumors are higher
than 20% (typical rate for SCLC is 60-100%) (6,9,10). The
Ki-67 index of this case was 25%.

The clinical manifestations of this case, such as slow-
growing tumors, limited metastatic potential and a favorable
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prognosis, with an over 14-year survival, support the diag-
nosis of AC, while the morphological, immunohistochemical
and structural features of the tumors are typical of SCLC.
We believe that this case fits the diagnostic criteria of SCLC
according to the WHO classification, but it is a borderline case
between AC and SCLC. Asamura et al reported that 5-year
survival rates for TC, AC, LCNEC and SCLC in Japanese
surgical cases of NE tumors were 96.2, 77.8, 40.3 and 35.7%,
respectively (8). An analysis of Japanese lung cancer patients
registered in 2002 revealed that SCLC accounted for 9.2% of
new lung cancer cases in Japan, and 5-year survival rates were
17.2% for stage I11A, 12.4% for stage I1IB, 3.8% for stage IV
and 14.7% overall (11). .

The prognosis is particularly dismal in SCLC patients with
brain metastasis. In the practice guidelines recently published
in the Journal of Neurooncology, the authors recommend
surgical resection followed by WBRT for newly-diagnosed
single brain metastases, which improves outcomes when
compared to WBRT alone. However, these authors indi-
cate that the recommendation does not apply to relatively
radiosensitive tumors such as SCLC (12). By contrast, Jesien-
Lewandowicz et al assert that patients with solitary brain
metastasis from SCLC should be treated radically, in particular
those at younger ages with a small primary tumor in the lung,
good performance status and lack of systemic dissemination
(13). Four case reports describe excellent long-term survival
following resection of a solitary metastatic brain tumor of ,
SCLC and adjuvant WBRT (13-16). In the present case,
surgical resection followed by WBRT and chemotherapy was
successful. Imai et al suggest that a subtype of slow-growing
SCLC, which shows different biological properties, should be
distinguished from the common type SCLC (16). Although
unusual, patients with this subtype of NE tumor may poten-
tially achieve longer survival than those with typical SCLC,
and should be treated with local and multimodality treatment
on a case-by-case basis.

In conclusion, we present a case report of a SCLC patient
who has survived for 14 years following initial diagnosis
with persistent disease, in spite of repetitive multimodality
therapies. This case suggests the existence of borderline cases
between intermediate- and high-grade NE tumors, and that
long-term survival may be expected with suitable treatments.
A method should be established to select SCLC patients with
a favorable prognosis, such as this case, and to find optimal
therapeutic approaches for such patients.
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The Risk of Cytotoxic Chemotherapy-Related Exacerbation
of Interstitial Lung Disease with Lung Cancer
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Introduction: It is unknown what type of interstitial lung disease
(ILD) has high risk for chemotherapy-related exacerbation of ILD.
We investigated the risk of exacerbation of ILD for patients with
lung cancer with ILD.

Methods: One hundred nine patients with lung cancer with ILD
treated with cytotoxic chemotherapy at Shizuoka Cancer Center
between August 2002 and April 2010 were retrospectively reviewed.
Results: On pretreatment computed tomography (CT) of the chest,
69 patients (63%) were identified with usual interstitial pneumonia
(UIP) pattern, and 40 patients (37%) had non-UIP pattern. Patients
with UIP pattern developed cytotoxic chemotherapy-related exacer-
bation of ILD more frequently than those with non-UIP pattern 30
versus 8%, p = 0.005). The incidence of grade 5 pulmonary
toxicities was 9% in patients with UIP pattern, compared with 3% in
those with non-UIP pattern. Multivariate analyses demonstrated that
age (<70 years) and CT pattern (UIP) were significant independent
risk factors for cytotoxic chemotherapy-related exacerbation of ILD.
In small cell lung cancer, overall survival (OS) from the start of
first-line chemotherapy was significantly shorter in UIP pattern than
non-UIP paitern (median OS: 9 versus 16 months, p = 0.0475),
whereas there was no significant difference in patients with non-
small cell lung cancer (median OS: 12 versus 9 months, p =
0.2529).

Conclusions: Our results indicated that the incidence of exacerba-
tion of ILD was significantly higher in patients with lung cancer
with UIP pattern on CT findings than in those with non-UIP pattern.
Therefore, great care is required when administering cytotoxic
. chemotherapy agents for patients with lung cancer with UIP pattern.

Key Words: Lung cancer, Interstitial lung disease, Usual interstitial
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Interstitia] lung disease (ILD) is called diffuse parenchymal
lung disease and is a diverse group of pulmonary disorders
classified together because of similar clinical, radiological,
physiological, or pathological features.! Preexisting ILD or
idiopathic interstitial pneumonias (IIPs) are considered to be
arisk factor for drug-related ILD.2 A prospective large cohort
study for gefitinib, an epidermal growth factor receptor ty-
rosine kinase inhibitor, has shown that preexisting ILD is not
only a strong risk factor for gefitinib-related ILD but also a
strong risk factor for cytotoxic chemotherapy-related ILD.?
Cytotoxic chemotherapy agents, such as gemcitabine, do-
cetaxel, and amrubicin, have been reported to develop severe
ILD associated with cytotoxic chemotherapy.4~6 Chemother-
apy-related ILD is not common but is a potentially fatal
complication of treatment for lung cancer.

Idiopathic pulmonary fibrosis (IPF) is a chronic pro-
gressive interstitial pneumonia of unknown cause limited to
the lungs and associated with poor prognosis.”# The Ameri-
can Thoracic Society (ATS) and European Respiratory Soci-
ety (ERS) have defined IPF as clinical conditions character-
ized by progressive dyspnea and chronic cough, restrictive
lung disease, and the histopathologic pattern of usual inter-
stitial pneumonia (UIP).” In addition, in patients with IPF, the
incidence of lung cancer is reported to be higher than in
patients without IPF.9-13

In clinical practice, patients with lung cancer with ILD
have been carefully treated with cytotoxic chemotherapy.
Nevertheless, it is unknown what kind of chemotherapeutic
agents are optimal for patients with lung cancer with ILD. In
addition, it is also unknown what type of ILD has high risk
for exacerbation of ILD.

To assess the risk of cytotoxic chemotherapy-related
ILD, we retrospectively analyzed pretreatment computed to-
mography (CT) and investigated the clinical course of pa-
tients with lung cancer with ILD.

METHODS
The medical records of patients with lung cancer with
ILD treated with cytotoxic chemotherapy at the Shizuoka
Cancer Center between August 2002 and April 2010 were
retrospectively reviewed. In this study, pretreatment CT of
the chest was evaluated by one radiologist (M.E.) and two
pulmonologists (H.K. and T.N.), who had no knowledge of
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Chemotherapy-Related Exacerbation of ILD

o

FIGURE 1.

High-resolution computed tomography (HRCT) image of the chest. A, Pretreatment HRCT image of the chest

showing subpleural distribution, honeycombing, traction bronchiectasis, and architectural distortion (UIP pattern). B, HRCT

image of the chest showing ground-glass abnormality superimposed on pretreatment interstitial shadow (chemotherapy-re-
lated exacerbation of ILD). C, Pretreatment HRCT image of the chest showing patchy ground-glass opacity with reticulation,
traction bronchiectasis, and architectural distortion (non-UIP pattern). UIP, usual interstitial pneumonia; ILD, interstitial lung

disease.

the patient’s outcome. The chest CT examinations were
performed using multidetector-row CT machine at the end of
suspended inspiration. CT images were reconstructed to
5-mm slice thickness, and thin section chest CT with 1 mm
reconstruction thickness was also performed for evaluating
primary tumor and ILD. ILD was diagnosed when the criteria
of ground-glass opacity, consolidation, or reticular shadow in
both lung fields were met. On the basis of CT characteristics,
we classified the patients with ILD into two groups: UIP
pattern and non-UIP pattern. Diagnosis of UIP pattern was
based on CT features as defined by the International Consen-
sus Statement of the ATS and ERS, showing subpleural
distribution, honeycombing, traction bronchiectasis, and ar-
chitectural distortion (Figure 14).%-4 All other cases, whose
CT of the chest revealed ILD excluding the UIP pattern, were
diagnosed as non-UIP pattern (Figure 1C).

Chemotherapy-related exacerbation of ILD was diag-
nosed on the basis of CT findings (bilateral ground-glass
abnormality with or without focal consolidation, superim-
posed on pretreatment interstitial shadow) (Figure 1B).15
Patients with apparent pulmonary infection, pulmonary em-
bolism, or heart failure were excluded. Chemotherapy-related
exacerbation of ILD was evaluated based on pneumonitis/
pulmonary infiltrates by National Cancer Institute Common
Terminology Criteria version 3.0—grade 3: symptomatic,
interfering with activities of daily living, and oxygen indi-
cated; grade 4: life-threatening; and grade 5: death. The
patients who developed exacerbation of ILD within 1 year
after thoracic radiotherapy and who received epidermal
growth factor receptor tyrosine kinase inhibitor in the clinical
course were excluded from chemotherapy-related exacerba-
tion of ILD. To assess the incidence of exacerbation of ILD
by treatment regimen, the duration between last administra-
tion of cytotoxic chemotherapy and the onset of exacerbation
of ILD was defined as 4 weeks or less.

Copyright © 2011 by the International Association for the Study of Lung Cancer

Univariate and multivariate analyses were performed to
identify risk factors for the exacerbation of ILD associated
with cytotoxic chemotherapy. All categorical variables were
analyzed by the x” test or Fisher’s exact test, as appropriate.
Multivariate analyses were performed using a logistic regres-
sion procedure to assess the relationship between various
factors and exacerbation of ILD. Clinical evaluation of over-
all survival (OS) after the start of first-line chemotherapy was
conducted by the Kaplan-Meier method to assess the time to
death. The log-rank test was used to compare cumulative
survival in each group. All p values were reported as two-
sided, and values less than 0.05 were considered statistically
significant. This study was approved by the institutional
review board.

RESULTS

Patient Characteristics

One hundred nine patients were diagnosed with lung
cancer with ILD and treated with cytotoxic chemotherapy.
The characteristics of the patients are shown in Table 1. The
median age was 69 years (range: 54—84 years), and almost all
patients were smokers and men with good performance sta-
tus. Histologically, adenocarcinoma, squamous cell carci-
noma, and small cell lung cancer (SCLC) were observed in
33, 30, and 30%, respectively. Others included large cell
carcinoma and undifferentiated non-small cell cancer. Stages
IIT and IV were observed in 40 and 53%, respectively, and
recurrence after surgical resection occurred in 7%. In SCLC,
limited and extensive diseases were observed in 33 and 67%,
respectively. On the basis of pretreatment CT of the chest, 69
patients (63%) were identified with UIP pattern, and 40
patients (37%) had non-UIP pattern. Although there were
some imbalances between the two groups in terms of stage IV
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