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Figure 1. On-going randomised Phase 1l trial for LD-SCLC in JCOG (JCOG 0202-MF).
AHFRT: Accelerated hyperfractionated radiotherapy; JCOG: Japan Clinical Oncology Group; LD-SCLC: Limited-stage small cell lung cancer; PD: Progressive disease;

PS: Performance status.

radiotherapy with combination chemotherapy consisting of
irinotecan and cisplatin may be the most powerful treatment
for LD-SCLC patients, if the full dose of irinotecan can be
used with acceptable toxicity. Previously, JCOG conducted a
dose-finding study of irinotecan and cisplarin plus concurrent
radiotherapy for patients with unresectable stage III NSCLC
(JCOG 9405) (s2). The dose intensity of irinotecan in the
study was low because of the need to omit irinotecan adminis-
rration on days 8 and/or 15 as a result of leukopoenia or diar-
thoea, and the radiotherapy completion rate was also low. This
was a very small study, however, and chemotherapy with full-
dose irinotecan and cisplatin plus concurrent radiotherapy was
deemed unacceptable based on the results of JCOG 9405.
Full-dose chemotherapy consisting of etoposide and cisplatin
can even be used in combination with concurrent radiother-
apy; however, when irinotecan is used as a single agent with
concurrent radiotherapy, the dose of irinotecan must be
reduced from 100 to 60 mg/m? in a weekly schedule (s2). This
dose reduction is likely to reduce the efficacy of irinotecan in
the treatment of LD-SCLC patients. JCOG is conducting a
Phase 11l study (JCOG 0202-MF) of concurrent twice-daily
thoracic radiotherapy with four cycles of etoposide and cispla-
tin as a standard arm versus concurrent twice-daily thoracic
radiotherapy with etoposide and cisplatin followed by three
cycles of chemotherapy with the standard dose of irinotecan
and cisplatin (Figure 1).

Amrubicin (SM-5887) is a totally synthetic anthracycline
and a potent topoisomerase 1I inhibitor. In a Phase II study
of amrubicin using a schedule of 45 mg/m? on days 1 - 3
every 3 weeks in 33 previously untreated ED-SCLC patients,
an overall response rate of 76% and a 9% complete response
rate were reported; moreover, the MST was 11.7 months in
the single-agent Phase II study of amrubicin (83]. In a combi-
nation Phase /Il study of cisplatin plus amrubicin for
untreated ED-SCLC, the MST was 13.6 months and the
1-year survival rate was 56.1% (84]. Amrubicin is one of the
most active new agents for SCLC. Further clinical develop-
ment of amrubicin, including chemotherapy for both LD
and ED-SCLC, is warranted.

4. Conclusion

Chemoradiotherapy is considered to be the standard treat-
ment for both unresectable locally advanced NSCLC and
LD-SCLC (4.731. Cisplatin-based chemotherapy with con-
current thoracic radiotherapy yields a 5-year survival rate of
~ 15% for patients with unresectable locally advanced
NSCLC (sa1.19]. Cisplatin plus etoposide with concurrent
twice-daily thoracic radiotherapy also yields a 5-year sur-
vival rate of ~ 25% for patients with LD-SCLC 7.8). Several
new strategies are currently underway in an attempt to
improve the survival of these patients. The incorporation of
target-based drugs such as gefitinib, erlotinib, cetuximab
and bevacizumab is considered to be the most promising
strategy for unresectable locally advanced NSCLC. The
incorporation of irinotecan is also a promising strategy for
improving the survival of patients with LD-SCLC. JCOG is
presently conducting clinical to develop new
treatment strategies for both unresectable locally advanced

NSCLC and LD-SCLC.

trials

5. Expert opinion

The state-of-the-art treatment for LD-SCLC is four cycles
of chemotherapy with cisplatin plus etoposide combined
with early concurrent twice-daily thoracic irradiation and
PCI after CR (74]. In contrast, no standard treatments for
locally advanced NSCLC have been established. Concur-
rent chemeradiotherapy may be superior to other sequences
of chemotherapy and radiotherapy [11.19). Full-dose, old-
generation chemotherapy; reduced-dose, new-generation
chemotherapy; and daily or weekly low-dose chemotherapy
may be used for concurrent chemoradiotherapy for the
treatment of locally advanced NSCLC. No Phase I1I studies
have directly compared chemotherapy with concurrent
radiotherapy. The systemic effect of low-dose weekly or
daily chemotherapy and also the radiosensitising effects are
still unclear. Recent results of a Phase 111 study indicate that
weekly low-dose chemotherapy with radiotherapy may be

2800

Expert Opin. Pharmacother. (2005) 6(16)



inferior to full-dose, old-generation chemotherapy or
reduced-dose, new-generation chemotherapy (50). The role
of consolidation docetaxel is still under evaluation in a

Phase III study; however, very promising survival data has  be warranted.
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Background: Amrubicin, a totally synthetic 9-amino-anthracycline, demonstrated excellent single-
agent activity for extensive-stage small-cell lung cancer (ED-SCLC). The aims of this trial were to
determine the maximum-tolerated doses (MTD) of combination therapy with amrubicin and cispla-
tin, and to assess the efficacy and safety at their recommended doses (RD).

Patients and methods: Eligibility criteria were patients having histologically or cytologically pro-
ven measurable ED-SCLC, no previous systemic therapy, an Eastern Cooperative Oncology Group
performance status of 0—2 and adequate organ function. Amrubicin was administered on days 1-3
and cisplatin on day 1, every 3 weeks. '
Results: Four patients were enrolled at dose level 1 (amrubicin 40 mg/mz/day and cisplatin
60 mg/m?) and three patients at level 2 (amrubicin 45 mg/m?%day and cisplatin 60 mg/m?). Conse-
quently, the MTD and RD were determined to be at level 2 and level 1, respectively. The response
rate at the RD was 87.8% (36/41). The median survival time (MST) was 13.6 months and the 1-year
survival rate was 56.1%. Grade 3/4 neutropenia and leukopenia occurred in 95.1% and 65.9% of
patients, respectively.

Conclusions: The combination of amrubicin and cisplatin has demonstrated an impressive response
rate and MST in patients with previously untreated ED-SCLC.

Key words: anthracycline, cisplatin, phase I-II, small-cell lung cancer

Introduction such as high-dose chemotherapy, dose-intensive chemother-
apy, alternating chemotherapy and introduction of new drugs,
have been investigated [2—6]. However, only the introduction
of new agents has improved the outcome of SCLC patients.
Combination chemotherapy with etoposide plus cisplatin or
etoposide plus cisplatin alternating cyclophosphamide, doxo-

rubicin and vincristine had been mainly used for SCLC in

Small-cell lung cancer (SCLC) is one of the most chemosensi-
tive solid tumors, and the outcome of SCLC patients is slowly
but surely improving. Combination chemotherapy consisting
of cisplatin plus etoposide and concurrent twice-daily thoracic
radiotherapy has yielded a 26% 5-year survival rate in lim-
ited-stage (LD) patients [1]. Despite the high response rate to

combination chemotherapy, however, local and distant failure
is very common, especially in extensive-stage (ED) patients.
Moreover, resistance to chemotherapeutic agents develops
easily after failure of initial treatment. Thus, long-term survi-
vors are still very rare among patients with ED-SCLC. To
improve the outcome of SCLC patients, several strategies,
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North America. Recently, a Japanese trial [Japan Clinical
Oncology Group (JCOG) 9511] demonstrated the superiority
of the combination of irinotecan and cisplatin for ED-SCLC
patients over the combination of etoposide and cisplatin [6].
The development of more active chemotherapy, and especially
the introduction of effective new drugs, is therefore essential
to improve the survival of SCLC patients.

Amrubicin (SM-5887) is a totally synthetic anthracycline
and a potent topoisomerase II inhibitor [7-14]. It has
antitumor activity, and is more potent than doxorubicin
against various mouse experimental tumors and human tumor



xenografts. Amrubicin and its 13-hydroxy metabolite, amrubi-
cinol, inhibit purified human DNA topoisomerase II [11].
Amrubicinol is 10-100 times more cytotoxic than amrubicin
[9]. The potent therapeutic activity of amrubicin is caused by
the selective distribution of its highly active metabolite, amru-
bicinol, in tumors [9]. In an experimental animal model, amru-
bicin did not exhibit any chronic cardiotoxicity potential, and
no deleterious effects on doxorubicin-induced cardiotoxicity
in dogs was observed [14]. In a phase II study of amrubicin
using a schedule of 45 mg/m? on days 1-3 every 3 weeks, in
33 previously untreated ED-SCLC patients, an overall
response rate of 76% and a complete response (CR) rate of
9% were reported [15]. Moreover, median survival time
(MST) was 11.7 months in the single-agent phase II study of
amrubicin. Amrubicin is one of the most active new agents
for SCLC. Thus, we conducted a phase I/II study of amrubicin
plus cisplatin for untreated ED-SCLC, because cisplatin is
considered as one of the most important drugs in the treatment
of SCLC. The aims of this trial were to determine the
maximum-tolerated doses (MTD) of combination therapy of
amrubicin with cisplatin, to assess the efficacy and safety for
ED-SCLC at their recommended doses (RD), and to examine
the pharmacokinetics of the drug combination.

Patients and methods

Patient selection

Patients with histologically and/or cytologically documented SCLC were
eligible for this study. Each patient was required to meet the following
criteria: extensive-stage disease [16]; no prior therapy for primary lesion;
measurable lesion; Eastern Cooperative Oncology Group (ECOG) per-
formance status (PS) 0—2; expected survival time >2 months; age 20-74
years; adequate hematological function [white blood cell (WBC) count
4000-12 000/mm?, neutrophils >2000/mm>, platelets =100 000/mm?>,
hemoglobin 210g/dl); adequate hepatic function [total bilirubin within
1.5x% the upper limit of normal; aspartate aminotransferase (AST) and ala-
nine aminotransferase (ALT) within 2.5x the upper limit of normal]; -ade-
quate renal function (creatinine within the upper limit of normal); partial
pressure of arterial oxygen 60 torr; no abnormality requiring treatment on
electrocardiogram; left ventricle ejection fraction >60%; written informed
consent. Patients with symptomatic brain metastasis, pleural effusion that
required drainage, non-steroidal anti-inflammatory drug or glucocorticoid
use for >50 days, pericarditis carcinomatous, active infection, varicella,
superior vena cava syndrome, syndrome of inappropriate secretion of anti-
diuretic hormone (SIADH), gastric and/or duodenal ulcer, severe heart
disease, severe renal disease, active concomitant malignancy, symptomatic
pneumonitis and/or pulmonary fibrosis and pregnant/nursing women were
excluded. This study was approved by the Institutional Review Board at
each hospital.

Patient evaluation

Pretreatment evaluation consisted of complete blood cell counts, diffe-
rential, routine chemistry measurements, progastrin-releasing peptide
(ProGRP), neuron-specific enolase, electrocardiogram, echocardiography,
chest radiograph, chest and abdominal computed tomography (CT) scan,
whole-brain magnetic resonance imaging (MRI) or CT scan, and isotope
bone scan. Complete blood cell counts, differential and routine chemistry
measurements were performed at least once a week during the
chemotherapy.
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Treatment schedule

At level 1, chemotherapy consisted of cisplatin 60 mg/m? on day 1 and
amrubicin 40 mg/m® on days 1-3. Amrubicin was administered as an
intravenous injection over 5min and cisplatin was administered as a drip
infusion over 60—120 min with adequate hydration. At level 2 the dose of
amrubicin was increased to 45mg/m® on days 1-3. Level 3 was planned
with cisplatin 80 mg/m? on day 1 and amrubicin 45 mg/m? on days 1-3.
The chemotherapy was repeated every 3 weeks for four to six courses.
Intrapatient dose escalation was not allowed. Administration of granulo-
cyte colony-stimulating factor (G-CSF) was permitted prophylactically for
patients expected to experience grade 3 neutropenia during the first
course. Prophylactic administration of G-CSF was only permitted at
second or later courses.

The administrations of both cisplatin and amrubicin were postponed
if patients met the following criteriaz WBC <3000/mm®, neutrophils
<1500/mm?; platelets <100000/mm>; AST and ALT >5x the upper limit
of normal; total bilirubin >1.5x the upper limit of normal; creatinine
>1.3x the upper limit of normal; ECOG PS 3 or 4; active infection; grade
2 or worse non-hematological toxicity, except for alopecia, anorexia,
nausea, vomiting or fatigue.

The administrations of both cisplatin and amrubicin were withdrawn
if patients met the following criteria: tumor regression <15% after first
course or <30% after second course; WBC <3000/mm? neutrophils
<1500/mm”; platelets <100 000/mm?; no recovery from grade 3 or 4 non-
hematological toxicity at 6 weeks after the start of previous chemotherapy;
abnormality of electrocardiogram requiring treatment for more than 6
weeks; left ventricle ejection fraction <48%; treatment delay of >4 weeks.

The dose of amrubicin was decreased 5 mg/m*/day if patients met the
following criteria: grade 4 leukopenia or neutropenia for >4 days; grade 3
neutropenia with fever; platelets <20 000/mm?* during the previous course.
The dose of cisplatin was decreased to 75% if creatinine increased to
>1.5% the upper limit of normal during the previous course.

The dose-limiting toxicity (DLT) was defined as follows: grade 4 leuko-
penia or neutropenia for =4 days; grade 3 febrile neutropenia; platelets
<20000/mm* grade 3 or worse non-hematological toxicity except for
nausea, vomiting, anorexia, fatigue, hyponatremia and infection. Initially,
three patients were treated at each dose level. If DLT was not observed in
any of the three patients, dose escalation was carried out. If DLT was
observed in one of three patients, an additional three patients were entered
at the same dose level. If DLT was observed in three or more of six
patients, or two or three of the initial three patients, we considered that
dose to be the MTD. If DLT was observed in one or two of six patients,
dose escalation was also carried out. Dose escalation was determined
based only on the data from the first course of chemotherapy.

Response and toxicity evaluation

Response was evaluated according to Response Evaluation Criteria in
Solid Tumors (RECIST) and tumor markers were excluded from the cri-
teria [17]. CR was defined as the complete disappearance of all clinically
detectable tumors for at least 4 weeks and no new lesions. Partial response
(PR) was defined as at least a 30% decrease in the sum of the longest
diameters of target lesion, taking as reference the baseline sum longest
diameter, the required non-progression in non-target lesions and no new
lesions for at least 4 weeks. Stable disease (SD) included: regression of
target lesions insufficient to meet the criteria for PR, a <20% increase
in the sum of the longest diameter of target lesion, taking as reference
the smallest sum longest diameters recorded since the treatment started,
the required non-progression in non-target lesions and no new lesions for
at least 6 weeks. Progressive disease (PD) indicated a >20% increase in
the sum of the longest diameters of target lesion, taking as reference the
smallest sum longest diameter recorded since the treatment started
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and/or unequivocal progression of existing non-target lesions and/or
appearance of new lesions. The evaluation of objective tumor response for
all patients was performed by an external review comnittee.

Toxicity grading criteria of the National Cancer Institute Common
Toxicity Criteria (version 2.0) was used for evaluation of toxicity.

Statistical analysis

This study was designed to reject response rates of 70% (P0) at a signifi-
cance level of 0.05 (one-tailed) with a statistical power of 80% to assess
the activity of the regimen as a 85% response rate (P1) at the rec-
ommended dose. The upper limit of rejection was 29 responses (CR + PR)
among 37 evaluable patients. Overall survival was defined as the interval
between the first administration of the drugs in this study and death or the

Table 1, Characteristics of treated patients

Phase I Phase 1I Total

Number of patients 7 37 44
Gender

Male 5 31 36

Female 2 6 8
Age (years)

Median 65 64 64.5

Range 54-73 50-74 50-74
ECOG PS

0 0 5 5

1 7 32 39

2 0 0 0
Stage

1118 0 2 2

v 7 35 42
Prior therapy

Yes . 0 1 1

No 7 36 43
Serum ALP

Normal 7 29 36

Elevated 0 7 7
Serum LDH

Normal 3 14 17

Elevated 4 23 27
Na

Normal 6 35 41

Decreased 1 2 3
Number of metastases

0 0 2 2

1 4 27 31

2 3 6 9

3 0 1 1

4 or more 0 1 1

In one patient, serum ALP level could not be measured.
ECOG PS8, Eastern Cooperative Oncology Group performance status;
LDH, lactate dehydrogenase; ALP, alkaline phosphatase.

last follow-up visit. Median overall survival was estimated using the
Kaplan—Meier method [18].

Pharmacokinetic analysis

Pharmocokinetic analysis was performed in patients entering the phase I
section of this study. One milliliter of the blood was taken from the
patients before administration of amrubicin, and at Omin, 15min, 1, 2, 3,
4, 8 and 24 h after administration on days 1 and 3 in the first course of
chemotherapy. Concentrations of amrubicin and its active metabolite,
amrubicinol, in plasma and red blood cells were measured as reported
elsewhere [9].

Results

Patient characteristics

Between April 2001 and December 2002, 45 patients with
ED-SCLC were enrolled and 44 were treated in this study
(Table 1). One patient did not receive the protocol treatment
because atrial fibrillation was observed just before adminis-
tration on day 1 of the first course. All treated patients were
assessed for response, survival and toxicity. The median age
of the treated patients was 64.5 years (range 50-74). There
were 36 males and eight females. Five patients had an ECOG
PS 0 and 39 patients had PS 1. Only one patient received sur-
gery for brain metastasis as a prior therapy.

MTD and DLT in the phase I study

Four patients were enrolled at dose level 1 (amrubicin
40 mg/m* on days 1-3 and cisplatin 60 mg/m? on day 1) and
three patients at level 2 (amrubicin 45mg/m? on days 1-3
and cisplatin 60mg/m* on day 1). Toxicities in the phase 1
study are listed in Table 2. No DLT were observed during the
first course of level 1. At level 2, grade 4 neutropenia for >4
days and febrile neutropenia occurred in one patient, and feb-
rile neutropenia and grade 3 constipation occurred in another
patient. Consequently, the MTD and RD were determined to
be level 2 and level 1, respectively.

Pharmacokinetics of amrubicin and its active
metabolite, amrubicinol

Pharmacokinetic parameters of amrubicin in plasma were
almost identical on days 1 and 3 at the two dose levels
(Table 3). No clear dose relationship in the area under the con-
centration—time curve (AUC) of amrubicin in the plasma was
observed. The AUC of amrubicinol in red blood cells tended
to increase on day 3 at both doses (Table 4). No clear dose
relationship in the AUC of amrubicinol in red blood cells was
observed. Combination with cisplatin did not alter the pharma- -
cokinetics of amrubicin and amrubicinol {data not shown).

Treatment received in patients treated at the RD

Forty-one patients were treated at the RD: amrubicin
40mg/m® on days 1-3 and cisplatin 60 mg/m® on day 1. Of
41 patients, 32 (78%) patients received more than three



Table 2. Toxicities during the first course in the phase I study
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Level 1 (n=4)

Level 2 (n=3)

Amrubicin 40 mg/m2 days 1-3

45 mg/m2 days 1-3

Cisplatin 60 mg/m? day 1

60 mg/m® day 1

Grade (NCI CTC)

Grade (NCI CTC)

0 1 2 3 4 0 1 2 3 4
Leukopenia 0 1 1 2 0 0 0 1 I I
Neutropenia 0 0 0 2 2 0 0 0 0 3
Febrile neutropenia 4 - - 0 0 1 - - 2 0
Hemoglobin 1 1 2 0 0 2 1 0 0 0
Thrombocytopenia 1 2 0 1 0 0 2 0 t 0
Stomatitis 3 0 1 0 0 3 0 0 0 0
Nausea 1 1 2 0 - I 1 0 1 -
Constipation 3 0 1 0 0 1 0 1 1 0
Hyponatremia 2 1 0 0 | 1 2 0 0 0
Hypocalcemia 3 0 ! 0 0 3 0 0 0 0

Dose limiting toxicity at level 2: febrile neutropenia, two patients; grade 4 neutropenia >4 days, one patient; grade 3 constipation, one patient.

NCI CTC, Nartional Cancer Institute Common Toxicity Criteria.

Table 3. Pharmacokinetics of amrubicin in plasma

Dose n Day T1me (h) T\pap (h) Vg (D CL (I/h) AUCj_a41, (ng h/ml)
40 mg/m2 4 1 0.11+0.04 2.29+0.31 46.6+11.0 13.6+1.8 2995 +434

4 3 0.08 +0.01 2.89:+0.34 50.0+10.6 11.6+1.9 3511+514
45 mg/m2 3 1 0.13+0.05 2.39£0.34 56.3+10.6 149+1.8 3052402

3 3 0.09+0.03 2.27+0.18 51.9+3.7 142x2.3 3217479

T\ /20 half-life at distribution phase; Tpp, half-life at elimination phase; Vqy, volume of distribution; CL, clearance; AUC, area under the concentration—

time curve.

courses of chemotherapy, and 10 (31%) of these 32 patients
needed dose reduction of amrubicin at the fourth course
(Table 5). Of 41 patients, 22 (54%) patients completed four
courses of chemotherapy without dose modification. The main
cause of dose reduction was myelosuppression, especially leu-
kopenia and neutropenia.

Objective tumor response and overall survival

The objective tumor responses are given in Table 6. Four CRs
and 32 PRs occurred, for an objective response rate of 87.8%
[95% confidence interval (CI) 73.8% to 95.9%] in 41 patients
treated at the RD. The objective response rate for all 44
patients was 88.6% (95% CI 75.4% to 96.2%). The overall
survival times of the 41 patients treated at the RD are shown
in Figure 1. The MST of the 41 patients was 13.6 months
(95% CI 11.1-16.6), with a median follow-up time for eight
censored patients of 16.4 months (95% CI 14.2-18.8). The
1- and 2-year survival rates were 56.1% and 17.6%, respect-
ively. The MST of all 44 patients was 13.8 months (95% CI
11.1-16.6). The 1- and 2-year survival rates of all 44 patients
were 56.8% and 21.4%, respectively.

Table 4. Pharmacokinetics of amrubicinol in red blood cells

Dose n Day T () AUCy. 341, (ng-h/ml)
40 mg/m* 4 1 21.0+3.1 1412314

4 3 20.7+4.38 2159+622
45 mg/m® 3 1 19.6+6.1 1098 277

3 3 18.1+57 2027+332

T\, elimination half-life; AUC, area under the concentration-time curve.

Table 5. Treatment received in patients treated at the recommended dose

Cycle n Amrubicin (mg/m?) Cisplatin (mg/m?)
40 35 30 60 45

1 41 41 41

2 36 30 6 36

3 33 26 5 2 33

4 32 22 8 2 32

5 18 9 5 4 18

6 13 6 3 4 12 8
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Table 6. Response rates

Table 7. Toxicity in patients treated at the recommended dose (n=41)

n CR PR SD PD NE Response rate (%)

(95% CI)

All 44 4 35 3 0 2 88.6 (75.4-96.2)
Treated 41 4 32 3 0 2 87.8 (73.8-95.9)
at RD

CR, complete response; PR, partial response; SD, stable disease;
PD, progressive disease; NE, not evaluated; 95% CI, 95% confidence
interval; RD, recommended dose.

100 - MST: 13.6 months [95%C1, 11.1 to 16.6]
90 + 1-year survival rate; 56.1% [95%Cl, 40.9 to 71.3]
80 -
£ 704
jo]
‘§ 60
T 50
5 40+
A
30
20 —
104
O ]
T T T T T T 1
0 6 12 18 24 30 36
Patients at risk Survival time (months)
41 38 23 10 4 1

Figure 1. Overall survival of patients with extensive-stage small-cell lung
cancer who were treated with amrubicin and cisplatin at the recommended
dose. MST, median survival time; 95% CI, 95% confidence interval.

Toxicity in patients treated at the RD

The worst grades of hematological and non-hematological
toxicities experienced by each patient are listed in Table 7.
Hematological toxicity, especially leukopenia and neutropenia,
was common and relatively severe. Grade 3 or worse leukope-
nia and neutropenia occurred in 65.9% and 95.1% of patients,
respectively. Febrile neutropenia was observed in two patients
at level 2. Grade 3 or worse anemia and thrombocytopenia
occurred in 53.7% and 24.4% of patients, respectively. Four
patients received platelet transfusions. Common non-hemato-
logical toxicities were gastrointestinal toxicity, such as anor-
exia, nausea, vomiting, constipation, diarrhea and stomatitis.
Gastric ulcers developed in three patients. Hepatic and renal
toxicity were not common in this study. Grade 3 or worse
hyponatremia and hypokalemia occurred in 22% and 9.8% of
patients, respectively. One patient developed myocardial
infarction; however, cardiac toxicity was not common. No
treatment-related deaths were observed.

Discussion

Doxorubicin and epirubicin are classified as active agents for
SCLC, for which single-agent activity is a >20% response rate
[19]. Doxorubicin has been used as a constituent of combi-
nation therapy for SCLC in the CAV (cyclophospamide,
doxorubicin and vincristine) and CAP (cyclophosphamide,
doxorubicin and cisplatin) regimens. Epirubicin has shown

Grade (NCI CTC)
0 1 2 3 4

Grade 3/4 (%)

Leukopenia 1 0 13 20 7 65.9
Neutropenia 0 1 1 7 32 95.1
Febrile neutropenia 41 - - 0 0 0.0
Hemoglobin l 8 10 17 5 53.7
Thrombocytopenia 9 14 8 10 0 24.4
Stomatitis 22 13 5 1 0 24
Anorexia 1 14 13 13 0 317
Nausea 3 15 14 9 0 22.0
Vomiting 20 8 Il 2 0 49
Constipation 24 ! 13 3 0 7.3
Diarrhea 26 12 1 2 0 4.9
Gastric ulcer 38 0 1 2 0 49
Bilirubin 24 12 4 1 0 2.4
Hyponatremia 18 14 - 7 2 22.0
Hypokalemia 31 6 - 4 0 9.8
Hyperkalemia 33 3 4 ! 0 2.4
Hypocalcemia 31 5 4 . 0 1 24

NCI CTC, National Cancer Institute Common Toxicity Criteria.

50% and 48% response rates in two clinical studies in 41 and
80 previously untreated patients, respectively, with ED-SCLC
[20, 21]. However, currently, combination modalities contain-
ing doxorubicin or epirubicin are not being used in the therapy
of SCLC, in preference to combination therapy with cisplatin
and etoposide. Since amrubicin has shown excellent single-
agent activity [15], it can be expected to be superior to other
anthracyclines in_the treatment of SCLC. Additionally, the
present results of combination therapy with cisplatin support
the view that amrubicin may be a promising agent that over-
comes the therapeutic plateau of SCLC.

Amrubicin is one of the most promising new agents for the

“treatment of SCLC. In a previous phase II study of amrubicin

45mg/m® on days 1-3 every 3 weeks as a monotherapy for
chemonaive ED-SCLC, a 76% overall response rate and 11.7
month MST were observed [15]. The overall response rate and
MST were comparable to those achieved with standard combi-
nation chemotherapy, such as etoposide plus cisplatin [5, 6].
Moreover, only a few patients treated in the phase I study
received salvage chemotherapy consisting of cisplatin and eto-
poside [15]. The major toxicity of amrubicin as a monotherapy
was hematological toxicity: grade 4 leukopenia and neutrope-
nia were seen in 12.1% and 39.4% of patients, respectively,
and thrombocytopenia and anemia of grade 3 or worse in
21.2%. Hepatic, renal and cardiac toxicities with amrubicin
were not common. Cisplatin is a key drug for the treatment of
SCLC and its hematological toxicity, such as leukopenia and
neutropenia, is not severe. Thus, we conducted a phase I1-II
study of amrubicin and cisplatin treatment for chemonaive ED-
SCLC to determine the MTD of this combination therapy, to



assess the efficacy and safety of the drugs delivered at their RD
in chemonaive ED-SCLC, and to examine pharmacokinetics.

The topoisomerase I inhibitor, irinotecan, is also very effec-
tive for SCLC [6]. Combinations of topoisomerase I and
topoisomerase II inhibitors, such as irinotecan plus etoposide,
have been reported as active combination chemotherapy for
SCLC [22]. Thus, combination of irinotecan and amrubicin is
another candidate for new combination chemotherapy for
SCLC. A phase I study of irinotecan and amrubicin for chemo-
naive non-SCLC was performed in National Cancer Center
Hospital (unpublished data). However, the MTD was less than
irinotecan 60 mg/m* on days 1 and 8 and amrubicin 35 mg/m?
on days 2-4, due to relatively severe myelotoxicity. We con-
sidered that amrubicin <35 mg/m® on days 2—4 with irinotecan
60 mg/m? on days 1 and 8 was insufficient to treat SCLC.

In this study, we determined the RD to be amrubicin
40 mg/m® on days 1-3 and cisplatin 60 mg/m?* on day 1 every
3 weeks, and 41 patients were treated at the RD. Main toxici-
ties of this combination chemotherapy were myelosuppression,
especially leukopenia and neutropenia, and gastrointestinal
toxicities including anorexia, nausea, vomiting, constipation,
diarrhea, stomatitis and gastric ulcer. Of 41 patients, 32 (78%)
patients received four or more courses of chemotherapy, and
22 (54%) patients completed four courses of chemotherapy
without dose modification. One patient developed myocardial
infarction; however, other cardiac toxicity, including decrease
in left ventricle ejection fraction, was not observed in up to
six courses of chemotherapy. The total dose of amrubicin was
720mg/m®. Grade 3 or 4 hyponatremia occurred in nine
(22%) patients; however, most of the patients were asympto-
matic, No unexpected toxicities and no treatment-related
deaths were observed in this study. Toxicities observed in this
study were manageable.

Four CRs and 32 PRs occurred, for an objective response
rate of 87.8% (95% CI 73.8% to 95.9%) in 41 patients treated
at the RD. In most patients, ProGRP levels changed in parallel
with tumor responses. The MST of the 41 patients was 13.6
months, and the 1-year survival rate was 56.1%. These results
were better than recently reported results for irinotecan and
cisplatin in chemonaive ED-SCLC: an objective response rate
of 84% and MST of 12.8 months [6]. The combination of
amrubicin and cisplatin has demonstrated an impressive
response rate and MST in patients with previously untreated
ED-SCLC. A possible reason for the better results is overse-
lection of patients, because we used unusual exclusion criteria
such as non-steroidal anti-inflammatory drug or adrenal corti-
cal steroid use for >50 days, and gastric and/or duodenal
ulcer. However, in a phase II study, this kind of bias is not
uncommon.

Combination chemotherapy with etoposide plus cisplatin or
etoposide plus cisplatin, alternating with cyclophosphamide,
doxorubicin and vincristine, had been considered as standard
chemotherapy for SCLC in North America and Japan. A Japa-
nese phase I trial (JCOG 9511) demonstrated that treatment
with four cycles of irinotecan plus cisplatin every 4 weeks
yielded a highly significant improvement in survival in
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ED-SCLC patients over standard etoposide plus cisplatin, with
less myelosuppression [6]. Based on the results of the JCOG
9511 trial, irinotecan plus cisplatin is considered to be the
reference chemotherapy arm for ED-SCLC in future trials in
Japan [23]. The JCOG are preparing a phase III clinical trial
of amrubicin and cisplatin for previously untreated ED-SCLC
to compare combination therapy of irinotecan with cisplatin.
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KEYWORDS Summary

Neuroendocrine Background: The efficacy of chemotherapy in patients with large cell neuroendocrine
carcinoma; carcinoma of the lung (LCNEC) remains unclear.

Lung cancer; Methods: Patients with LCNEC who received cisplatin-based chemotherapy were
Chemotherapy; identified by reviewing 567 autopsied and 2790 surgically resected lung cancer pa-

tients. The clinical characteristics and objective responses to chemotherapy in these
patients were analyzed. '

Results: Overall, 20 cases of LCNEC were identified, including stage lllA (n=3), stage
1B (n=6), stage [V (n=6) and postoperative recurrence (n=5) cases. Six patients
had received prior chemotherapy, and 14 were chemo-naive patients. The patients
had received a combination of cisplatin and etoposide (n=9), cisplatin, vindesine
and mitomycin (n=6), cisplatin and vindesine (n=4), or cisplatin alone (n=1). One
patient showed complete response and nine showed partial response, yielding an
objective response rate of 50%. The response rate did not differ between patients
with the initial diagnosis of SCLC and those with the initial diagnosis of NSCLC,
however, the response rate in chemo-naive patients (64%) was significantly different
from that in previously treated patients (17%).

Conclusions: Our results suggest that the response rate of LCNEC to cisplatin-based
chemotherapy was comparable to that of SCLC.

© 2005 Elsevier Ireland Ltd. All rights reserved.

Cisplatin

* Corresponding author. Tel.: +81 3 3542 2511; fax: +81 3 3542 3815.
E-mail address: isekine@ncc.go.jp (I. Sekine).

0169-5002/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.lungcan.2005.01.008



218

S. Yamazaki et al.

1. Introduction

Pulmonary neuroendocrine tumors include a spec-
trum of four clinicopathological entities classified
on the basis of the morphological and biological
features: typical carcionoid and atypical carcinoid,
which are tumors of low to intermediate grade ma-
lignancy, and large cell neuroendocrine carcinoma
(LCNEC) and small cell carcinoma (SCLC), which are
high-grade malignant tumors. Travis et al. proposed
the term LCNEC in 1991 [1], for classifying a type of
poorly differentiated high-grade carcinoma charac-
terized by a neuroendocrine appearance under light
microscopy. LCNEC exhibits more prominent cellu-
lar pleomorphism and higher mitotic activity than
the atypical carcinoid (AC), and is distinguished
from SCLC by the tumor cell size and chromatin
morphology. Although several different terminolo-
gies and classifications have been proposed previ-
ously, and even the present classification of pul-
monary neuroendocrine tumors lacks uniform def-
inition criteria, this class of tumors could become
widely accepted and included in the updated histo-
logical classification of the World Health Organiza-
tion [2].

The clinical features of LCNEC have not yet
been completely clarified. The prognosis of pa-
tients with surgically resected LCNEC is reported
to be intermediate between that of AC and SCLC
[3—5], and the same as that of resected NSCLC,
except that stage | LCNEC has a poorer progno-
sis than stage | non-small cell lung cancer (NSCLC)
[6]. To the best of our knowledge, however, there
are no studies that have examined the role of
chemotherapy for LCNEC and the prognosis of pa-
tients with unresectable LCNEC, even though sev-
eral reports have been published on the associa-
tion between response to chemotherapy and the
neuroendocrine differentiation of NSCLC [7-9].
The appropriate treatment of unresectable LCNEC,
therefore, remains unclear. In the present study,
we attempted to investigate the effectiveness of
chemotherapy with cisplatin-based regimens for
LCNEC in patients with unresectable and recurrent
LCNEC.

2. Materials and methods

Eighty-seven of 2790 patients with primary lung
cancer who underwent tumor resection from 1982
to 1999 at the National Cancer Center Hospital were
found to have tumors with the histological char-
acteristics of LCNEC [6]. Of ‘these, five had re-
ceived cisplatin-based chemotherapy at the time

of recurrence, and were enrolled as subjects of
this study. In addition, 303 of 567 patients who
were autopsied from 1983 to 1997 at the Na-
tional Cancer Center Hospital who had the fol-
lowing histological diagnoses were first selected:
SCLC (n=112), poorly differentiated adenocarci-
noma (n=99), large cell carcinoma (n=58), poorly
differentiated squamous cell carcinoma (n=29),
poorly differentiated adenosquamous carcinoma
(n=2), LCNEC (n=2), and carcinoid (n=1). Of
these, 161 had received cisplatin-based chemother-

- apy were selected for a pathological review. Fi-

nally, specimens from 17 of these161 cases were
found to have histological characteristics consis-
tent with the diagnosis of LCNEC, and were se-
lected as subjects of this study. We focused on
cisplatin, because since the 1980s, cisplatin has

- been the only anticancer agent with proven ef-

ficacy against both SCLC and NSCLC [10,11]; we,
therefore, considered that the effectiveness of
chemotherapy for LCNEC could be reasonably eval-
uated if cisplatin were included in the regimen.
Cases which had received adjuvant chemotherapy
without evaluable lesions were excluded from the
analysis.

All the available paraffin-embedded tissue sec-
tions stained with hematoxylin—eosin were re-
viewed. We classified LCNEC according to the
histopathological criteria in the WHO classifica-
tion [2]. Immunohistochemical analysis was per-
formed to confirm the neuroendocrine features
of the tumors. For this purpose, formalin-fixed
paraffin sections were stained for a panel of neu-
roendocrine markers, including chromogranin A
(CGA), synaptophysin (SYN), and neural cell ad-
hesion molecule (NCAM), using standard methods.
The intensity of immunostaining for these mark-
ers was scored as follows: +, when the propor-
tion of stained tumor cells was >50%; +, when
10—50% of tumor cells were stained; and —, when
<10% of tumor cells were stained, as previously de-
scribed [6]. One case included in this study had
the typical histological features of LCNEC, but
no neuroendocrine features as determined by the
immunohistochemical analysis. For specimens ob-
tained after treatment, we routinely confirmed
that the histopathological and morphological fea-
tures showed no changes due to treatment as
compared with the pretreatment biopsy or cyto-
logic specimens. Such cases for which no pretreat-
ment samples were available were excluded from
the study; since it has been reported that his-
tological changes may occur after treatment in
SCLC [12], we were concerned that misdiagno-
sis might occur if the same were also true for
LCNEC.
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Fig. 1 Case no. 2, 57-year-old man. (A) The tumor cells which are large-sized, polygonal in shape and have a low
nuclear-cytoplasmic ratio, are arranged in organoid nests and trabeculae (H&E stain, x200). Positive staining for neural
cell adhesion molecule (B), chromogranin A (C), and synaptophysin (D) (immunostain, x400).

Clinical information about the cases was ob-
tained from the medical records. The clinical dis-
ease staging was reassessed according to the lat-
est International Union Against Cancer (UICC) stag-
ing criteria [13]. The response to chemotherapy
and overall survival rate were assessed retrospec-
tively. The objective tumor response was evalu-
ated according to the WHO criteria published in
1979 (WHO, 1979) [14]. The survival time was mea-
sured from the date of start of chemotherapy with a
cisplatin-containing regimen. Survival curves were
drawn using the Kaplan—Meier method [15]. Drug
toxicity could not be assessed as the study was a
retrospective one and records were often incom-
plete.

3. Results

Qverall, 22 cases were recognized as having tumors
with histological characteristics consistent with LC-
NEC among the autopsied and surgically resected

cases of primary lung cancer that had received
cisplatin-based chemotherapy and had evaluable
lesions; of these 17 were autopsied cases and
five were surgically resected cases. Two of the
autopsied cases were excluded, because no pre-
treatment pathological or cytological samples were
available. The typical microscopic appearance of
the tumor specimens is shown in Fig. 1A. The speci-
men sources for the prechemotherapy-diagnosis in-
cluded surgically resected specimens (n=5), biopsy
specimens (n=9), and cytology specimens (n=6).
The histological and cytological findings in the spec-
imens obtained before chemotherapy were con-
sistent with those in the specimens obtained af-
ter chemotherapy. We therefore finally enrolled 20
cases in this study. The initial pathologic diagnoses
in these patients were as follows: small cell car-
cinoma (n=10), poorly differentiated adenocarci-
noma (n=6), large cell carcinoma (n=2), undiffer-
entiated carcinoma (n=1), and poorly differenti-
ated carcinoma (n=1) (Table 1). None of the cases
had been labeled as LCNEC at the time of initial
diagnosis, probably because the concept of LCNEC
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Table 1 Patient characteristics Table 2 Staining for neuroendocrine markers in 20
Characteristics N % LCNECs
No. of patients 20 Case NCAM CGA SYN

1 + + +

Sex 2 . . .

Male 18 90

3 + + +

Female 2 10 4 L . .
Age, median (range) 58 (37—74) 5 + + +
Smoking history 6 * * +

Yes 19 95 7 = * -

No 1 5 g ¥ - =
Performance status 10 - + +

1-2 19 95 11 + - +

>2 1 5 12 + + +
Initial pathological diagnosis 13 + + +

Small cell carcinoma 10 50 14 + +

Adenocarcinoma 6 30 15 * * *

Large cell carcinoma 2 10 16 + - NA

Others 2 10 17 + - +

18 + - NA

Clinical stage at the start of chemotherapy 19 " . "

HiA 3 15 20 _ - -

1B 6 30 -

NCAM, neural cell adhesion molecule; CGA, chromogranin A;

v 6 30 SYN tophysin; NA, not d

Postoperative recurrence 5 25 » Synaptopiysin; A, not assessed.
Prior treatment

None 10 50

Surgery 4 20

Radiotherapy 2 10 patients. The chemotherapy regimens used were as

Chemotherapy without cisplatin = 6 30 follows: cisplatin (80mg/m?, day 1) and etoposide

was not completely accepted at our hospital at that
time.

The results of the immunohistochemical staining
are shown in Table 2, and a typical case showing
positive staining is shown in Fig. 1B and D. Of the
20 LCNECs, 19 expressed at least one of the three
general neuroendocrine markers, namely CGA, SYN,

and NCAM. Sixteen of the 20 LCNECs exhibited pos--

itive staining for NCAM, while one showed equivo-
cal staining. Twelve of the 20 LCNECs showed posi-
tive staining for CGA. Thirteen LCNECs showed pos-
itive staining for SYN and three showed equivocal
staining. Only one case was negative for all the
three general neuroendocrine markers, however,
this case exhibited the typical histological features
of LCNEC on (ight microscopy.

The clinical characteristics of the patients are
summarized in Table 1. The extremely high predom-
inance of men and smokers in this study was com-
parable to the demographic features of our LCNEC
patients treated by surgical resection [6]. Previous
chemotherapy was given in six patients: nedaplatin
in one and cyclophosphamide-based regimen in five

(100mg/m?, days 1-3) (n=9), cisplatin (80 mg/m2,
day 1), vindesine (3 mg/m?, days 1 and 8) and mito-
mycin (8 mg/m?, day 1) (n=6), cisplatin (80 mg/m2,
day 1) and vindesine (3 mg/m?, days 1 and 8) (n=4),
or cisplatin (100mg/m?, day 1) alone (n=1). The
median (range) number chemotherapy cycles were
2 (1-6). Of the 20 patients, one showed CR and
nine showed PR, yielding an overall response rate
of 50% (95% confidence interval, 27.2-72.8%). One
CR and four PRs were observed among the cases
treated with cisplatin and etoposide, two PRs were
found among those treated with cisplatin, vinde-
sine and mitomycin, and three PRs were found
among those treated with cisplatin and vindesine.
Seven patients showed NC, and three showed pro-
gressive disease. While the response rate did not
differ between patients with an initial diagnosis
of SCLC and those patients with an initial diag-
nosis of NSCLC, previous chemotherapy affected
the response to cisplatin: the response rate in
chemo-naive patients was 64%, whereas that in
previously treated patients was 17%. The median
progression-free survival in the 20 patients was 103
days, median survival was 239 days, 1-year sur-
vival rate was 35%, and 2-year survival rate was
15%.
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4, Discussion

In this extensive review of over 3000 lung cancer pa-
tients, we found considerable difficulty in evaluat-
ing the response of LCNEC to systemic chemother-
apy. The pathological diagnosis of LCNEC was es-
tablished in 87 (3.1%) of 2790 patients treated by
surgical resection. This low incidence of LCNEC in
surgically treated lung cancer patients is compara-
ble to that in other previously published reports:
2.4% (50/2070), 2.9% (22/766), and 3.6% (53/1530)
[16—18]. Of the 87 patients, only five who had re-
ceived cisplatin-based chemotherapy for recurrent
tumor that was evaluable for the response. While
LCNEC is difficult to diagnose prior to the start of
treatment on the basis of the findings in biopsy or
cytological specimens, the architectural neuroen-
docrine features may, more or less, be reflected
in these small samples [19,20]. We, therefore, con-
ducted a review of 567 autopsy cases of lung cancer,
and identified 15 cases of LCNEC who had received
cisplatin-based chemotherapy. We obtained a re-
sponse rate to cisplatin-based chemotherapy of 50%
in these 20 patients with LCNEC, however, the clini-
cal characteristics of patients with medically treat-
able advanced LCNEC would still remain to be clar-
ified, because autopsy is conducted only in highly
selective cases.

Travis et al. suggested that immunchistochem-
ical or electron-microscopic evidence of neuroen-
docrine features were important to diagnose LCNEC
[1]. We assessed the neuroendocrine marker ex-
pression by immunohistochemical staining for CGA,
SYN, and NCAM. Our cases included one that was
negative for all the three neuroendocrine mark-
ers examined, but showed the typical histologi-
cal features of LCNEC, which could be attributable
to technical staining problems. Immunohistochem-
ical staining for neuroendocrine tumors is gener-
ally recognized as only a supplementary diagnostic
tool. In addition, the post-surgical survival rate did
not differ between histologically diagnosed cases
of LCNEC with neuroendocrine differentiation in
marker expression as assessed by immunohisto-
chemical staining and large cell carcinoma with
neuroendocrine morphology where the neuroen-
docrine markers were negative (data not shown).
Thus, we decided to include the case with negative
staining as LCNEC on the basis of its typical neu-
roendocrine morphology.

To the best of our knowledge, only one study on
the efficacy of chemotherapy in patients with LC-
NEC has been reported previously. In the study, 13
patients with LCNEC received chemotherapy when
relapse was noted after surgical resection, and two
(20%) of 10 evaluable patients showed an objec-

tive response. The evaluable lesion in these pa-
tients, however, was the brain in seven, liver in
two, and bone in one patient [21]. Thus, the rel-
atively low response rate in the report may be due
to the site of the evaluable lesion. In addition,
reports on the correlation between response to
chemotherapy and neuroendocrine differentiation
of NSCLC may be helpful. Graziano et al. reported
that the proportion of NSCLC positive for neuroen-
docrine markers was higher in responders than in
non-responders among 52 NSCLC patients treated
by chemotherapy, and that the result suggested a
correlation between positivity for neuroendocrine
marker expression and the likelihood of response
to chemotherapy [7]. On the other hand, others
have reported the absence of any correlation be-
tween the presence of neuroendocrine differen-
tiation and the response to chemotherapy [8,9].
The neuroendocrine differentiation in NSCLCs in the
aforementioned studies was confirmed only by im-
munochistochemical staining and not on the basis
of the morphological definition of LCNEC. There-
fore, these groups might have potentially included
heterogeneous subtypes of lung carcinoma, such as
adenocarcinoma or squamous cell carcinoma, with
components of neuroendocrine differentiation. The
conflicting conclusions of these studies may, there-
fore, reflect differences in the biological charac-
teristics of the tumors included in the analysis.
Since the definition of LCNEC is based on morpho-
logical criteria as well as positivity for neuroen-
docrine marker expression, LCNEC is may be consid-
ered to be a clinically homogeneous group. There-
fore, our study of LCNEC may endorse the for-
mer reports about the relationship between neu-
roendocrine differentiation and the sensitivity to
chemotherapy.

Objective response to chemotherapy can be
observed in only 15—30% of NSCLCs, even when
they are treated with regimens containing cis-
platin [10]. In SCLC, however, effective combina-
tion regimens yield objective response rates in the
range of 80—90% [11]. Our study showed an.over-
all response rate of LCNEC of 50% to cisplatin-
based chemotherapy, and a response rate of 64% in
chemo-naive patients, which seemed to be higher
than the response rate of NSCLC to chemotherapy.
Considered together, these results suggest that the
chemosensitivity of LCNEC is intermediate between
that of NSCLC and SCLC, although we were un-
able to obtain firm evidence from this retrospec-
tive study, which included only a small cohort of
patients.

Since LCNEC is a relatively rare subtype of lung
cancer, a prospective study is difficult to perform,
and may only be possible as a multicenter study.



222

S. Yamazaki et al.

For this purpose, it is an urgent task to establish
diagnostic criteria for LCNEC based on examination
of biopsy or cytologic specimens. Although the his-
tological definition of LCNEC in surgically resected
specimens proposed by Travis et al. is commontly ac-
cepted, its diaghostic reproducibility is not satisfac-
tory [22]. It is also difficult to apply the definition to
biopsy specimens, in which artifacts can easily be
produced and detailed examination may be difficult
due to insufficient specimen size. Thus, definitive
diagnostic criteria also applicable to biopsy and cy-
tologic specimens are required.

Our study did not include any cases labeled as
LCNEC at the time of initial diagnosis. One half
of the cases was originally diagnosed as SCLC and
the other half as NSCLC, including poorly differen-
tiated adenocarcinoma and large cell carcinoma.
This was attributed to the fact that the concept
of LCNEC was not clearly defined prior to its being
proposed by Travis et al. [1]. Thus, it is possible
that patients with LCNEC were included in earlier
clinical trials for NSCLC or SCLC. If LCNEC shares
the poor prognosis of NSCLC, the reported results
of chemotherapy for NSCLC may have been worse
in studies in which cases of LCNEC were included.
Similarly, the results of clinical studies of SCLC
to study their objective response to chemotherapy
may also have been worse because of the confound-
ing effects of the inclusion of LCNECs among the
cases.

In conclusion, our results suggest that the re-
sponse rate of LCNEC to cisplatin-based chemother-
apy was comparable to that of SCLC. However,
because of the retrospective nature of this study
and the small sample size, we could not arrive at
any definitive conclusion; we, therefore, propose
to conduct a prospective study in the future aimed
at elucidating the efficacy of chemotherapy for LC-
NEC. To that end, firm diagnostic criteria for LCNEC
need to be established, even when the diagnosis
must be based only on examination of biopsy and
cytology specimens.

Acknowledgment

We thank Ms. Yuko Yabe for kindly preparing this
manuscript.

References

[1] Travis WD, Linnoila RI, Tsokos MG, Hitchcock CL, Cut-
ler Jr GB, Nieman L, et al. Neuroendocrine tumors of
the lung with proposed criteria for large-cell neuroen-
docrine carcinoma. An ultrastructural, immunohistochemi-

cal, and flow cytometric study of 35 cases. Am J Surg Pathol
1991;15:529-53.

[2] Travis W, Corrin B, Shimosato Y, Brambilla E. Histological
typing of tung and pleural tumours. Berlin: Springer-Verlag;
1999.

[3] Rusch VW, Klimstra DS, Venkatraman ES. Molecular markers
help characterize neuroendocrine tlung tumors. Ann Thorac
Surg 1996;62:798—809 [discussions 09—10].

[4] Dresler CM, Ritter JH, Patterson GA, Ross E, Bailey MS, Wick
MR. Clinical-pathologic analysis of 40 patients with large
cell neuroendocrine carcinoma of the tung. Ann Thorac Surg

. 1997;63:180-5.

[5] Travis WD, Rush W, Flieder DB, Falk R, Fleming MV, Gal AA,
et al. Survival analysis of 200 pulmonary neuroendocrine
tumors with clarification of criteria for atypical carcinoid
and its separation from typical carcinoid. Am J Surg Pathol
1998;22:934—44.

[6] Takei H, Asamura H, Maeshima A, Suzuki K, Kondo H, Niki

T, et al. Large cell neuroendocrine carcinoma of the lung:

a clinicopathologic study of eighty-seven cases. J Thorac

Cardiovasc Surg 2002;124:285—-92.

Graziano 5L, Mazid R, Newman N, Tatum A, Oler A, Mortimer

JA, et al. The use of neuroendocrine immunoperoxidase

markers to predict chemotherapy response in patients with

non-small-cell lung cancer. J Clin Oncol 1989;7:1398—406.

Schleusener JT, Tazelaar HD, Jung SH, Cha SS, Cera PJ, My-

ers JL, et al. Neuroendocrine differentiation is an indepen-

dent prognostic factor in chemotherapy-treated nonsmall
cell lung carcinoma. Cancer 1996;77:1284—91.

Carles J, Rosell R, Ariza A, Pellicer |, Sanchez JJ, Fernandez-

Vasalo G, et al. Neuroendocrine differentiation as a prog-

nostic factor in non-small cell lung cancer. Lung Cancer

1993;10:209—19.

[10] Ginsberg RJ, Vokes EE, Rosenzweig K. Non-small cell (ung
cancer. In: DeVita VT, Hellman S, Rosenberg SA, editors.
Cancer: principles & practice of oncology. 6th ed. Philadel-
phia: Lippincott Williams & Wilkins; 2001. p. 925-83.

[11] Murren J, Glatstein E, Pass HI. Small cell lung cancer. In:
DeVita VT, Hellman S, Rosenberg SA, editors. Cancer: prin-
ciples & practice of oncology. 6th ed. Philadelphia: Lippin-
cott Williams & Wilkins; 2001. p. 983—1018.

[12] FushimiH, Kikui M, Morino H, Yamamoto S, Tateishi R, Wada
A, et al. Histologic changes in small cell lung carcinoma
after treatment. Cancer 1996;77:278—83.

[13] Sobin LH, Wittenkind.C. TNM classification of malignant tu-
mors, New York: Wiley-Liss; 1997.

[14] Handbook for reporting results of cancer treatment.
Geneva: World Health Organization (WHO); 1979.

[15] Kaplan ELMP. Non-parametric estimation from incomplete
observations. J Am Stat Assoc 1958;53:457—81.

[16] Jiang SX, Kameya T, Shoji M, Dobashi Y, Shinada J, Yoshimura
H. Large cell neuroendocrine carcinoma of the lung: a his-
tologic and immunohistochemical study of 22 cases. Am J
Surg Pathol 1998;22:526—37.

[17] lyoda A, Hiroshima K, Toyozaki T, Haga Y, Fujisawa T,
Ohwada H. Clinical characterization of pulmonary large
cell neuroendocrine carcinoma and large cell carcinoma
with neuroendocrine morphology. Cancer 2001:91:1992—
2000.

[18] Paci M, Cavazza A, Annessi V, Putrino |, Ferrari G, De Franco
S, et al. Large cell neuroendocrine carcinoma of the lung:
a 10-year clinicopathologic retrospective study. Ann Thorac
Surg 2004;77:1163—7.

[19] Yang YJ, Steele CT, Ou XL, Snyder KP, Kohman LJ, Diagnosis
of high-grade pulmonary neuroendocrine carcinoma by fine-
needle aspiration biopsy: honsmall-cell or small-cell type?
Diagn Cytopathol 2001;25:292—300.

[7

—

[8

[ant

[9

[l



Chemotherapy of large cell neurcendocrine carcinoma ’ 223

[20] Wiatrowska BA, Krol J, Zakowski MF. Large-cell neuroen- lung: pathological study and clinical outcome of 18 resected
docrine carcinoma of the (ung: proposed criteria for cyto- cases. Lung Cancer 2002;37:287—92.
logic diagnosis. Diagn Cytopathol 2001;24:58—64. [22] Travis WD, Gal AA, Colby TV, Klimstra DS, Falk R, Koss
[21] Mazieres J, Daste G, Molinier L, Berjaud J, Dahan M, Del- MN. Reproducibility of neuroendocrine lung tumor classi-
sol M, et al. Large cell neuroendocrine carcinoma of the fication. Hum Pathol 1998;29:272—9.

Available online at www.sciencedirect.com

SCIENGE((ﬁDIRECT°




Pathology International 2005; 55: 8—13

Original Article

Reproducibility of the diagnosis of small adenocarcinoma
of the lung and usefulness of an educational program for the

diagnostic criteria

Masayuki Noguchi,' Yuko Minami,' Tatsuo lijima’ and Yoshihiro Matsuno?

"Department of Pathology, Institute of Basic Medical Sciences, Graduate School of Comprehensive Human Sciences,
University of Tsukuba, Ibaraki and ?Pathology Division, National Cancer Center Hospital, Tokyo, Japan

Using 32 small adenocarcinomas of the lung including
bronchioloalveolar carcinoma (BAC), the reproducibility of
diagnosis by the modified diagnostic criteria for small ade-
nocarcinoma (Cancer 75; 2844, 1995) and the effectiveness
of an educational program for 27 volunteer general pathol-
ogists were examined. The average coincidence rate of the
diagnosis before and after the program was 42.4% and
56.6%, respectively. The coincidence rate after the program
‘was significantly higher than that before the program
(P <0.05). In contrast, the average coincidence rate of six
lung cancer specialists was 71.4%, and this was signifi-
cantly higher than that for general pathologists after the
program (P <0.05). When the cases were divided into two
groups (in situ adenocarcinoma (BAC and BAC with alveo-
lar collapse) and early invasive adenocarcinoma), the aver-
age coincidence rate for the general pathologists after the
program increased to 85.3%, which was significantly higher
than that before the program (80.3%; P < 0.05). The rate for
the specialists was 89%, which was higher than that for the
general pathologists after the program but not significantly
so. This trial was thought to provide a theoretical back-
ground for the histological diagnosis of peripheral type
adenocarcinoma of the lung and to justify the existing diag-
nostic criteria.
criteria,

Key words: lung adenocarcinoma,

reproducibility

diagnostic

Bronchioloalveolar carcinoma (BAC) is a revised entity
defined by the World Health Organization (WHO) classifica-
tion of histological typing of lung and pleural tumors."? It is
an adenocarcinoma with a pure bronchioloalveolar growth
pattern and no evidence of stromal, vascular or pleural

Correspondence: Masayuki Noguchi, MD, Department of Pathology,
Institute of Basic Medical Sciences, Graduate School of Compre-
hensive Human Sciences, University of Tsukuba, Japan.
Email: nmasayuk@md.tsukuba.ac.jp

Received 7 July 2004. Accepted for publication 23 September
2004.

invasion. Histologically, it is subdivided into three subtypes:
non-mucinous, mucinous and mixed mucinous and non-
mucinous. There may be some increase in the thickness of
the alveolar septa and a central or subpleural area of alveolar
collapse with increased elasticity of the fibers, but a diagnosis
of BAC requires exclusion of an invasive component, such
as vascular invasion or pleural invasion.
Clinicopathologically, the concept of BAC is very important
because BAC is an in sifu adenocarcinoma and it has &
very favorable prognosis. Noguchi et al. reported a unique
criterion for small peripheral type adenocarcinoma.® They
stressed that small early adenocarcinomas can be divided
into two groups: those with replacement growth of alveolar
structure and those with non-replacement growth. The former
group can be classified further into three subtypes: localized

_ bronchioloalveolar carcinoma (LBAC; type A); LBAC with
" -alveolar collapse (type B); and LBAC with a focus of fibro-

blastic proliferation (type C). The latter group can also be
classified further into three subtypes: poorly differentiated
adenocarcinoma (type D); tubular adenocarcinoma (type E);
and true papillary adenocarcinoma (type F).* Type A adeno-
carcinoma (LBAC) and type B adenocarcinoma (LBAC with
alveolar collapse) align with BAC in the WHO classification;
they show no lymph node metastasis and have a favorable
prognosis (100% 5 year survival rate). However, 28% of type
C cases having replacement growth as type A and B tumors
are associated with lymph node metastasis and the 5 year
survival rate of patients is approximately 75%. In contrast,
type A and B tumors show significantly lower overall frequen-
cies of allelic loss and activated expression of matrix metallo-
proteinase 2 (MMP-2) than type C tumors.®® These findings
indicate that types A and B tumors are in situ peripheral-type
adenocarcinoma, whereas type C tumors appear to repre-
sent an advanced stage of types A and B tumors.

With recent advances in the methodology of radiological
diagnosis, computed tomography (CT) has become Very
effective for diagnosis of BAC and non-BAC. Preoperative CT



