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Abstract Purpose: According to the World Health
Organization (WHOQ) classification of pulmonary large
cell neuroendocrine carcinoma (LCNEC), one of the
neuroendocrine tumors of the lung, is considered as a
variant of non-small cell lung carcinoma. The objective
of this study was to investigate the treatment strategy
for LCNEC. Methods: We retrospectively reviewed the
clinical information of 12 patients with LCNEC.
Results: Three patients with stage I disease underwent
curative resection but all relapsed within 20 months.
One with stage IIA disease underwent non-curative
resection received adjuvant chemoradiotherapy (cis-
platin plus etoposide) and is well with no evidence of
recurrence. Two with stage IIIB disease received con-
current chemoradiotherapy. Both achieved partial
response (PR) but refapsed within 2 months. One elderly
patient with stage IIIA disease received vinorelbine
alone and did not respond. Of five patients with stage IV
disease, three received platinum-based chemotherapy
but no patient achieved PR. Of five patients with gefi-
tinib as salvage therapy, one achieved PR. Conclusions:
The prognosis of LCNEC is poor. To improve the
outcome, we must evaluate the effectiveness of adjuvant
or neoadjuvant therapy in patients with resectable dis-
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ease. In addition, the evaluation of systemic and mul-
timodality treatment strategies similar as in small cell
lung cancer is worthy of consideration.

Keywords Large cell neuroendocrine carcinoma
{(LCNEC) - Chemotherapy - Chemoradiotherapy -
Gefitinib - Serum tumor marker

Introduction

In 1991, Travis et al. proposed pulmonary large cell
neuroendocrine carcinoma (LCNEC) as the fourth cat-
egory of neurcendocrine tumors in addition to typical
carcinoid, atypical carcinoid, and small cell Jung carci-
noma (SCLC) (Travis et al. 1991). In the revised World
Health Organization (WHO) classification published in
1999 (Travis et al. 1999), LCNEC is recognized as one of
the variants of large cell carcinoma. LCNEC has a
characteristic morphology with features of both non-
small cell lung carcinoma (NSCLC) and neuroendocrine
carcinoma.

The frequency of LCNEC is reported to be 1.6-3.1%
of total lung cancers (Takei et al. 2002; Jiang et al. 1998;
Mazieres et al. 2002), Most patients have been treated
using the strategy for NSCLC, but there are some
reports indicating that the clinical outcome of LCNEC is
poorer than that of NSCLC even in early stage disease
{Jiang et al. 1998; Dresler et al. 1997). Since the majority
of the previous reports focused on surgically treated
cases because of the difficulty in obtaining a preoperative
pathological diagnaosis, there are only a few reports that
have evaluated the treatment of advanced LCNEC
including the efficacy of systemic chemotherapy and/for
radiotherapy. The number of patients in these reports,
however, was too small to assess the eflectiveness of
systemic treatment. The standard treatment strategy for
advanced LCNEC has not yet been clearly established.

In this study, we summarize the clinical features and
treatment outcome of 12 patients with LCNEC, We
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investigated the clinical efficacy of chemotherapy or
chemoradiotherapy for LCNEC and discuss the treat-
ment strategy for the advanced LCNEC.

Patients and methods
Patients

Between January 1998 and May 2003, 12 patients were
given a diagnosis of LCNEC in two hospitals (Okayama
University Hospital and Kagawa Rosai Hospital), We
retrospectively obtained the clinical information
including gender, age, smoking status, Eastern Cooper-
ative Oncology Group (ECOG) performance status
(PS), stage, serum tumor markers, and treatment out-
come by reviewing the medical records. Survival data
was determined from the day of histological diagnosis to
the day of last follow-up. Clinical stage was evaluated by
the standard staging procedure including chest radio-
graphs, chest computed tomographic (CT) scans, brain
magnetic resonance images or CT scans, technetium-
99m hydroxymethylene diphosphonate bone scans, and
abdominal CT scans. We assessed objective tumor re-
sponse according to the WHO response criteria (Miller
et al. 1981).

Pathological diagnosis of LCNEC

The diagnosis of LCNEC was based on the following
WHO 1599 criteria (Travis et al. 1999): 1) neuroendo-
crine morphologic features (organoid, trabecular, pali-
sading and rosettes); 2) neuroendocrine features by
immunohistochemisry such as expression of chromogr-
anin, synaptophysin, neural cell adhesion molecule, and
neuron specific enclase (NSE); 3) non-small cell features
(i.e., cell size, nuclear / cytoplasmic ratio, nucleoli); 4)
necrosis and high mitotic ratio of greater than ten per
ten high-power fields. Histological samples obtained by

surgery, transbronchial or needle biopsies and/or
autopsy were reviewed independently by two patholo-
gists (K.M, and S.H.) and disagreements were resolved
by discussion.

Serum tumor marker evaluation

Several serum tumor markers were measured routinely
as part of the pretreatment examination. The serum
levels of carcinoembryonic antigen (CEA), squamous
cell carcinoma-related antigen (SCC), cytokeratin 19-
fragments (CYFRA), carbohydrate antigen 19-9 (CA
19-9), sialyl Lewis X-i (SLX), NSE and pro-gastrin
releasing peptide (ProGRP) were measured using
radioimmunoassay, enzyme immunoassay, andjor
electrochemiluminescence immunoassay. The cut-off
levels of these markers are 240 1U/] for lactate dehy-
drogenase (LDH), 5 ng/ml for CEA, 1.5 ng/m] for SCC,
2.8 ng/ml for CYFRA, 40 U/ml for CA 19-9, 38 U/ml
for SLX, 10 ng/ml for NSE and 46 pg/ml for ProGRP.

Results
Patient characteristics

The characteristics of the 12 patients, 11 men and one
woman, investigated in this study are summarized in
Table 1. The median age of patients was 60 years
ranging from 43 years to 77 years. Two patients with a
preoperative diagnosis of NSCLC were re-classified as
LCNEC following pathological examination of the
surgically resected specimens. Three patients were diag-
nosed by needle biopsy, although one of these patients
had been diagnosed as poorly differentiated adenocar-
cinoma at the initial operation. Four patients were
diagnosed by transbronchial biopsy, two by supracla-
vicular lymph node biopsy, and one at autopsy. Pre-
treatment ECOG PS was 0 in four patients, 1 in five, 2 in

Table 1 Summary of patient characteristics and clinical outcome (M male, F female, 8SC best supportive care, CDDP cisplatin, ETP
etoposide, TRT thoracic radiation therapy, VNR vinorelbine, DCT docetaxel, CBDCA carboplatin, GEM gemcitabine, PD progressive

disease, NC no change, PR partial response)

Case Age Sex Smoking PS TNM Stage Treatment Regimen Response Survival (month)
(Pack-years}

1 52 M 24 0 TINOMO IA  Lobectomy - - 12.5
2 6l M 80 0 TINOMO IA  Lobectomy - - 4.1 +
3 %6 M 53 I T2ZNOMO IB  Lobectomy - - 19.0
4 72 M 78 1 TINIMO HA Non-curative lobectomy

Chemoradiotherapy CDDP + ETP + TRT 44 Gy PR 503 +
3 7 M 30 Il T2N2MO IIIA Chemotherapy VNR PD 6.4 +
6 59 M 85 | TIN3MO [IIB Chemoradiotherapy CDDP + DCT + TRT 56 Gy PR 129 +
7 58 F 60 2 T4N3MO HIB Chemoradiotherapy CDDP + ETP + TRT 45 Gy PR 9.5
8 43 M 46 1 T4NOMI IV Chemotherapy CDDP + ETP PD 28
9 68 M 20 0 TIN2MI1 IV Chemotherapy CBDCA + GEM PD 20+
100 7t M 114 0 TINOM! IV Chemotherapy CDDP + DCT + GEM NC 82 +
Ir 9 M 0 3 TINIMI IV  BSC - - 0.6
1270 M 50 3 T3IN2ZMI IV BSC - - 2.6
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one and 3 in two. Eight patients were current smokers,
three were former smokers, and one patient had never
smoked. The median pack-years of cigarette smoking
was 52.5 pack-years ranging from 20 pack-years to 114
pack-years, and was more than 40 pack-years in eight
patients. Stage according to the Union Internationale
Contre le Cancer (UICC) staging system was stage [A in
two patients, IB, IIA, and 1IIA in one patient, IiIB in
two patients and 1V in five patients (Sobin and Witte-
kind 1997).

Serum tumor markers

Serum levels of CYFRA were elevated in four of six
patients examined (67%, 22-96%), NSE in five of eight
(63%, 95% C.I. 24-91%}, LDH in six of eleven (55%,
23-83%), SLX in one of two (50%, 1-98%), CEA in five
of twelve (42%, 15-72%), ProGRP in two of six (33%,
4-78%}), CA19-9 in none of four (0%, 0—60%) and SCC
in none of nine patients (0%, 0-34%) (Table 2). Serum
levels of CYFRA (n=4), NSE (n=13) and ProGRP
(n=2) increased in all five patients with stage IV disease
and CEA and LDH levels were elevated in four (80%,
28-95%) and three (60%, 15-95%) of five patients,
respectively.

Treatment outcome of patients with stage [-II disease

Four patients {stage 1A: 2, IB: 1 and IIA: 1) under-
went lobectomy, Curative surgery was performed in
three patients with stage I (cases 1, 2 and 3), but all
patients developed recurrent disease in 7 months,
10 months, and 20 months. The initial recurrence sites

Table 2 Serum tumor markers (LDH lactate dehydrogenase, CEA
carcinoembryonic antigen, SCC squamous cell carcinoma-related
antigen, CYFRA cytokeratin 19-fragments, SLX sialyl Lewis X-i,
CAI9-9 cytokeratin 19-fragments, NSE neuron specific enolase,
ProGRP pro-gastrin releasing peptide)

Unit Number (%)
All cases Stage IV cases

LDH <240 1U/1 5 (45) 2 (40)

>240 1U/) 6 (55) 3 (60)
CEA < 5 ng/ml 7 (58) 1 (20}

> 5 ng/ml 5 (42} 4 (80)
SCC < 1.5 ng/ml 2(100) 4 (100)

> 1.5 ng/ml 00 0
CYFRA < 2.8 ng/ml 2(3) 0(0)

>2.8 ng/ml 4 {66) 4 (100)
SLX £ 38 U/ml 1 (50}

> 38 U/ml 1 (50)
CA19-9 <40 U/ml 4 (100 3 (100)

>40 U/ml X ()] 0(0)
NSE <10 pg/ml 3(38) 0(0)

> 10 pg/ml 5(63) 3 (100}
ProGRP < 46 pg/ml 4 (6T) 0{0

> 46 pg/ml 2 (33) 2 (100)
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were mediastinal lymph nodes and disseminated mul-
tiple bone metastases in two patients (cases 1 and 3)
and multiple liver metastases in one patient (case 2).
One patient (case 1) received palliative radiotherapy
for the primary relapse and metastatic bone lesions
and died in 3 months after recurrence. The other two
patients received systemic chemotherapy following
recurrence. Although one patient {case 3) received a
variety of combination chemotherapy inciuding plati-
num-based chemotherapy, no response was obtained.
Another patient (case 2} received four cycles of triplet
chemotherapy with cisplatin (CDDP), docetaxe!
(DCT), and irinotecan (CPT-11) and exhibited a
partial response (PR). One patient (case 4} could not
undergo curative surgery because of poor pulmonary
function and received consisting of CDDP plus eto-
poside (ETP) and concurrent thoracic irradiation at a
dose of 44 Gy. He achieved a PR that has continued
for 4 years or more.

Treatment outcome of patients with stage Il1 disease

Three patients had locally advanced disease. Two of
them received CDDP plus DCT (case 6) or CDDP plus
ETP (case 7) and concurrent radiotherapy. Although
both patients achieved a PR, they developed recurrence
within 2 months after the treatments, An elderly patient
with stage IIIA disease (case 5) received non-platinum
single agent chemotherapy (vinorelbine: VNR) but no
response was obtained.

Treatment outcome of patients with stage 1V disease

Although three patients {cases 8, 9, and 10) received
platinum-based chemotherapy, no objective response
was obtained, Salvage chemotherapy including paclit-
axel (PTX), DCT, CPT-11, GEM, VNR, and amrubicin
{AMR) was also ineffective. Five patients including two
patients with stage IIIB disease (cases 6 and 7} were
treated with gefitinib, an epidermal growth factor
receptor (EGFR) tyrosine kinase inhibitor, as second-
line treatment, One patient (case 10) achieved a PR. Two
patients (cases 11 and 12) received supportive care alone
because of poor PS.

Discussion

We have described twelve patients with pulmonary
LCNEC but the treatment outcomes were disappoint-
ing in the majority of patients. In general, pulmonary
LCNEC has been treated according to the strategy for
NSCLC since LCNEC is considered a variant of large
cell carcinoma (Travis et al. 1999). The treatment of
our twelve cases was also based on this strategy ie.,
early stage cases were {reated surgicaily, locally ad-
vanced cases were treated with chemotherapy and/or



150

radiotherapy and metastatic or relapsed cases with
platinum-based systemic chemotherapy.

Our three patients with stage I-II disease underwent
curative surgery but relapsed with distant metastases
within 20 months. No patient received any adjuvant or
neoadjuvant therapy. Although Dresler et al. reported
that adjuvant chemotherapy did not improve survival
(Dresler et al. 1997), Iyoda et al. demonstrated the
effectiveness of adjuvant therapy for cases with stage I
large cell carcinoma with neuroendocrine features (Iyo-
da et al. 2001a). In addition, Mazieres et al. and Cerilli
et al. proposed the potential efficacy of neoadjuvant or
adjuvant therapy (Mazieres et al. 2002; Cerilli et al.
2001). In view of a previous report that the prognosis of
stage I LCNEC was poorer than that of stage | NSCLC
(Takei et al. 2002), and a recent report that adjuvant
chemotherapy was effective in early stage NSCLC (Ar-
riagada et al. 2004), adjuvant therapy might be effective
in cases of early stage LCNEC. One patient with stage
IIA disease in the present study who did not undergo
curative surgery because of poor pulmonary function
achieved a durable response for 4 years or more fol-
lowing chemoradiotherapy. It might suggest the poten-
tial usefulness of neoadjuvant therapy.

There are no published prospective randomized trials
that have evaluated chemotherapy regimens for
LCNEC. Only a few published retrospective studies exist
to date. We treated inoperable or relapsed cases with
chemotherapy or chemoradiotherapy including ‘new’
agents developed in the 1990s such as PTX, DCT, CPT-
11, GEM, VNR, and AMR. Two patients with locally
advanced disease responded to concurrent chemoradio-
therapy but no patient with stage IV disease responded
to systemic chemotherapy.

There are several important issues regarding the
treatment of LCNEC. First, should LCNEC be treated
as SCLC or as NSCLC? The majority of patients with
LCNEC have been treated as NSCLC but chemother-
apy used for SCLC has also been performed for LCNEC
because of the clinical similarity of LCNEC with SCLC
(Dresler et al. 1997; Carretta et al. 2000). However, these
previous studies have produced conflicting results. Some
authors reported similar responsiveness of LCNEC with
SCLC (Mitry and Rougier 2001) whilst others reported
that LCNEC were less sensitive than SCLC (Mazieres
et al. 2002). In our study, threc patients responded to
CDDP-based chemotherapy or chemoradiotherapy
including CDDP, ETP or CPT-11. These agents are
active against both SCLC (Noda et al. 2002) and
NSCLC (Ueoka et al. 2001).

Second, there is the difficulty regarding the diagnosis
of LCNEC. In our institutes, approximately 80% of the
patients are diagnosed following analysis of specimens
obtained by bronchoscopy. It is often difficult to diag-
nose LCNEC with the small specimen obtained by
bronchoscopy and a surgically resected sample may be
needed to definitively confirm the diagnosis. This may be
an important reason why there are few reports regarding
the treatment strategy for advanced LCNEC. In previ-

ous study, three (17%) of 18 cases confirmed LCNEC
were diagnosed with small specimens (Mazieres et al.
2002). Only one patient (5%) in resected 20 cases was
diagnosed by the specimen with bronchoscopy (Doddoli
et al. 2004). Zacharias et al. and Paci et al. failed to
diagnose LCNEC pre-operatively (Zacharias et al. 2003;
Paci et al. 2004). This is due to the difficulty of immu-
nohistochemical diagnosis with small specimens. Among
1,158 resected Jung tumors, five cases (0.4%) were
diagnosed as LCNEC with adenocarcinoma or squa-
mous cell carcinoma component (Ruffini et al. 2002).
Hage et al. reported that four (57%) of seven LCNEC
cases also had a non-LCNEC component (Hage et al,
2003). Three (12%}) of 25 cases pre-operatively diag-
nosed LCNEC were excluded after surgery because of
heterogeneity (Zacharias et al. 2003), In addition, 41
cases (38%) of 107 cases were led to the discrepancy
between the diagnosis of lung cancer with bronchoscopic
and operative specimens (Chuang et al.1984). Therefore,
if a neuroendocrine tumor is suspected, these specimens
should be carefully examined following immunohisto-
chemical staining with various neurcendocrine markers.
In addition, measurement of serum CEA, CYFRA,
NSE, and ProGRP levels may be useful as these markers
were elevated In the majority of our patients although
the number of patients examined was small. Previously,
Iyoda et al. reported that the serum NSE level was ele-
vated in 34.5% of LCNEC (lyoda et al. 2001b) and
elevated levels in 5.9-33.3% of NSCLC was also re-
ported (Yamaguchi et al. 1995; Takada et al. 1996)
whilst serum ProGRP level was elevated in 63-76% of
SCLC and 1.4-14.4% of NSCLC (Yamaguchi et al.
1995; Takada et al. 1996; Miyake et al. 1994). Goto et al.
also reported that serum ProGRP level was frequently
elevated in NSCLC cases with neuroendocrine differen-
tiation (Goto et al. 1998). These results indicate that the
measurement of serum levels of neuroendocrine mark-
ers, especially ProGRP, may be useful in the diagnosis of
LCNEC. The simultaneous measurement of neuroen-
docrine markers and CEA or CYFRA which were fre-
quently elevated in patients with NSCLC might facilitate
the differential diagnosis of LCNEC from NSCLC. As
mentioned above, complexity in the diagnosis of
LCNEC also indicates that there might be more cases of
LCNEC among those with advanced lung cancers, with
whom a resected whole tumor specimen is not available,
Further evaluation of serum markers is required to assist
diagnosis of advanced LCNEC.

Araki et al. examined the immunohistochemical
expression of c-kit, EGFR and c-erbB-2 in surgically
resected specimens from patients with LCNEC (Araki
et al. 2003). Although c-kit was expressed in 55% of
patients, EGFR was not overexpressed at all. In our
report, one patient with LCNEC responded to gefitinib,
although we did not check the expression and the
somatic mutations of EGFR. Further studies are
required to investigate the efficacy of gefitinib and
imatinib mesylate, a c-kit receptor tyrosine kinase
inhibitor, as well as berfabl, although there was an
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unexpected result of the imatinib treatment for SCLC
patient (Joehnson et al. 2003).

In conclusion, we retrospectively analyzed clinical
outcomes of patients with LCNEC. We have to evaluate
the usefulness of adjuvant or neoadjuvant therapy in
patients with early-stage disease and the efficacy of sys-
temic chemotherapy including molecular targeting
agents for patients with advanced disease. The pro-
spective evaluation of treatment strategies similar as in
SCLC is worthy of consideration. In addition, further
studies to elucidate the molecular characteristics of
LCNEC are urgently needed.
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Cisplatin Down-regulates Topoisomerase I
Activity in Lung Cancer Cell Lines
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Abstract. Many clinical studies have reported that irinotecan
has reproducible antitumor activity against lung cancer. Both
cisplatin and SN-38 are key drugs in the treatment of lung
cancer, and their combination is one of the most promising
regimens available. Using lung cancer cell lines, ABC-1 and
SBC-3, we examined the cytotoxic effect of the schedule, as
well as the effect of cisplatin on topoisomerase I activity.
Cytotoxicity was determined by MTT assay. ABC-1 or SBC-3
cells were incubated with or without various concentrations of
both drugs in 96-well microplates for 72 or 96 hours in a
humidified 5% CO, atmosphere at 37°C. Synergism was
evaluated by median-effect plot analysis and a combination
index isobologram method by Chou and Talalay. After ABC-1
or SBC-3 cells had been exposed to 10 uM cisplatin for one
hour, topoisomerase -1 activities were determined Dby
supercoiled-DNA relaxation assay. Synergism was observed in
ABC-1 and SBC-3 cells when cisplatin was given firsi, followed
by SN-38 (7-ethyl- 10-hydroxycamptothecin) and cisplatin.
Topoisomerase I activity decreased at 1-2 hours after exposure
to cisplatin and recovered gradually after 4-5 howrs of cisplatin
exposure in both ABC-1 and SBC-3 cells. Accordingly,
pretreatment with cisplatin will have an impact on the
sensitivity to SN-38.

Irinotecan  (7-ethyl-10- [4-(1-piperidyl)-1-pipetidino]
carbonyloxy-camptothecin} is a water- soluble camptothecin
analog, which reversibly inhibits DNA topoisomerase 1 (.
Topoisomerase I inhibitors as single agents show excellent
activity to a wide variety of tumors, especially lung cancer and
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colon cancer (2). In addition, topoisomerase I inhibitors may
also interfere with DNA repair and enhance cytotoxicity when
combined with DNA-damaging agents (3). In preclinical
studies, the combination of irinotecan and cisplatin showed
synergistic effects in several tumor cell lines (4, 5).

Clinical studies on the combination of irinotecan and
cisplatin have been undertaken in a variety of tumors (6-10).
In the majority of clinical trials, irinotecan was administered
first followed by cisplatin, although the-schedule dependency
of this combination is still controversial. For the
development of combination chemotherapy, the schedules as
well as the appropriate combinations should be preclinically
investigated. Thus, we studied the schedule dependency of
the combination with cisplatin and SN-38, which is an active
metabolite of irinotecan, and the effect of cisplatin on
topoisomerase I activity.

Materials and Methods

Chemicals. Cisplatin and 7-cthyl-10-hydroxycamptothecin (SN-38)
were provided by Bristol-Myers Squibb K.K,, Tokyo and Yakult
Honsha Co., Lid., Tokyo, Japan, respectively. SN-38 was dissolved
in dimethyl sulfoxide. 3-[4,5-dimethyl-thiazol-2-yl]-2, 5-diphenyl
tetrazolium bromide (MTT) was purchased from Sigma Chemical
Co., St. Louis, MO, USA.

Cell lines. SBC-3 (JCRBU818) and ABC-1 {JCRBO813) cells were
established in our laboratory from patients with small cell lung
cancer and adenocarcinoma of the lung, respectively (11-13). The
cell lines were maintained in a humidified atmosphere with 5%
CO, in air at 37°C, in RPMI 1640 medium {GIBCO BRL, Grand
Island, NY, USA) containing penicillin (100 U/mL) and
streptomycin (100 pg/mL) and 10% fetal bovine serum (FBS,
GIBCO BRL) (RPMI-FBS).

Cytotoxicity assay. The cytotoxic activities of each drug and
combination effects of two drugs were determined by MTT assay
(14) with a slight modification, as described previously (13, 15).
Briefly, 100 pl aliquots of RPMI-FBS containing serial
concentrations of chemotherapeutic agents and cells {(ABC-1;
3000 cells/well, SBC-3; 2000 cellsiwell) were plated in 96-well
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Figure 1. 4, B, C and D: Combination index isobolograms in combination with cisplatin and SN-38. Combination index (CI) < 1; synergy, Cl=1;
summation, CI> 1; amtagonisin. A. ABC-1 cells: cisplatin -> SN38. B. ABC-1 cells, SN38 -> cisplatin. C. SBC-3 cells, cisplatin -> SN38. D. SBC-3 cells,

SN38 -> cisplatin.

flat-bottomed microplates and incubated at 37°C for 72 or 96
hours in a humidified atmosphere with 5% CO, in air. Cisplatin
or SN-3§ was ddministered for 24 hours before concurrent
exposure. Then, the cells were concurrently exposed to cisplatin
and SN-38 for 72 hours. MTT formazan was dissolved in fresh
isopropanol. The absorbance at 560 nm was measured using a
microplate reader (Mode! 3550; Bio-Rad Laboratories,
Richmond, CA, USA). Percent growth inhibition was defined as
percent absorbance inhibition within appropriate absorbance in
each cell line. All experiments were repeated at least twice. The
combination effects were determined by median-effect plot
analysis and combination index isobolograms (16-18).
Combination index (Cl) < 1 indicates synergy, Cl=1, summation
and C1>1, antagonism.

Preparation of nucicar extract. ABC-1 or SBC-3 cells were exposed
to cisplatin at a final concentration of 10 uM for one hour. After
washing, the cells were resuspeneded in fresh RPMI-FBS. After 1,
2, 3, 4, 5, 6 and 14(15)-hour incubations with cisplatin, the cells
were collected and a nuclear extract from the ABC-1 and $BC-3
cells was prepared, as described previously (15). The total protein
concentration was determined by Bio-Rad protein assay kit.

Topoisomerase I activity assay. Nuclear extract (0.4 pg) was added to

the topoisomerase I reaction mixture containing 10 mM Tris-HCI
(pH 7.5), 1 mM EDTA, 150 mM NaCl, 0.1% BSA, 0.1 mM
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spermidine, 5% glycerol and 0.75 pg supercoiled DNA plasmid at
a final volume of 20 pl. Following incubation at 37°C for 15
minutes, the reaction was terminated by adding 5 pl of stopping
buffer (final concentration; 1% Sarkosyl, 0.025% bromophencl
blue and 5% glycerol). The reaction products were analyzed by
electrophoresis on 0.8% agarose gel using a TBE buffer (89 mM
Tris-HCl, 89 mM boric acid and 62 mM EDTA) at 1 V/cm, stained
by ethidium bromide (0.5 wg/ml) and photographed using a shon
wavelength UV lamp.

Results

Cytotoxicity assay and combination effects. The combination
index isobolograms of the schedule-dependent interaction
between cisplatin and SN-38 in ABC-1 and SBC-3 cells are
shown in Figures 1A, B, C and D. In ABC-1 cells, the
combination index showed lower than 1.0 in a wide range of
fractional cytotoxicity when cisplatin was given first followed
by SN-38 and cisplatin (Figure 1A). On the other hand, the
combination index was higher than 1.5 in a wide range of
fractional cytotoxicity when SN-38 was given first followed
by SN-38 and cisplatin in ABC-1 cells (Figure 1B). This
combination showed synergism only when cisplatin was
given first in ABC-1 cells.
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Figure 2. A and B: Topoisomerase I activity of ABC-1 cells after cisplatin exposure. Supercoiled DNA flane §), time after cisplatin exposure: 15h (lane
1), 6h (lane 2), 5k {lane 3, 4h {lane 4), 3k (lane 5), 2h (lane 6), and Ih (lane 7), and no exposure (lane 8). B. Topoisomgrase I catalytic activity of SBC-
3 cells after cisplatin exposure. Supercoiled DNA (lance S, white amowhead), time after cisplatin exposure: 14h (lane 1), 6h {iane 2), 5k (lane 3), 4h
(lane 4), 31t (lane 5), 2h (lane 6), and Ih (lane 7), and no exposure (lane 8). Supercoiled DNA and relaxed DNA are indicated with white arrowheads

and bars, respectively.

In SBC-3 cells, the combination index was lower than 1.0
in a wide range of fractional cytotoxicity without association
of exposure sequence (Figures 1C and D). The combination
index was lower when cisplatin was given first followed by
SN-38 and cisplatin.

Topoisomerase I activity assay. Untreated ABC-1 and SBC-3
cells showed clear topeisomerase I activity, because relaxed
DNA bands and no supercoiled DNA were observed (lane 8
in Figures 2A and B). As shown in Figure 2A, the
topoisomerase 1 activity of ABC-1 cells did not change at
one hour after cisplatin exposure (lane 7)., Supercoiled DNA
bands appeared at 2-3 hours after cisplatin exposure (lanes 5
and 6) and disappeared gradually after 4-5 hours of cisplatin
exposure (lanes 1-4). Figure 2B shows the topoisomerase I
activity of SBC-3 cells. Supercoiled DNA bands appeared at
one hour after cisplatin exposure (fane 7), which suggests a
rapid decrease in topoisomerase I activity. Relaxed DNA
appeared at 5 hours after cisplatin exposure (lane 3). Thus,
in both cell lines topoisomerase I activity began to decrease
at 1-2 hours after cisplatin exposure and recovered gradually
after 4-5 hours of cisplatin exposure.

Discussion

We found that pretreatment with cisplatin augmented the
sensitivity to the combination of SN-38 and cisplatin in ABC-
1 and SBC-3 cells. Pretreatment with SN-38 also enhanced
sensitivity in SBC-3 cells, but did not in ABC-1 cells,

Accordingly, pretreatment with cisplatin might have a great
impact on the tumor cell sensitivity to irinotecan and cisplatin.

In general, tumor cells with high topoisomerase I activity
are sensitive to topoisomerase I inhibitors (20, 21). Thus, we
expected the increase of topoisomerase I activity after
cisplatin exposure. Surprisingly, the topoisomerase I activity
of both cell lines began to decrease at 1-2 hours after cisplatin
exposure, but gradually recovered after 4-5 hours of cisplatin
exposure. Topoisomerase I activity was down-regulated and
recovered during the time course after cisplatin exposure. We
presume that the topoisomerase [ enzyme is transiently
consumed by its binding to DNA intercalated or intracalated
by cisplatin. The consumption of topoisomerase I might
contribute to the synergy when cisplatin is given first. These
changes of topoisomerase I activity are also observed aiter
irradiation exposure. Boothman et al (21} reported that
topoisomerase [ inhibitors augmented the radiation effect,
although topoisomerase I activity diminished immediately
after irradiation.

The relationship between cisplatin and topoisomerase [
activity is very complex. Although topoisomerase I activity or
mRNA was higher in four cisplatin-resistant cell lines than
their respective parent cell lines, two cell lines showed
collateral sensitivity to topoisomerase [ inhibitors {22, 23),
which the other two cell lines did not (23, 24). In addition,
two cisplatin-resistant cell lines showed cross-resistance to
SN-38 without an alteration of topoisomerase I activity (25,
26). The relationship between the effect of cisplatin on
topoisomerase I activity and the sensitivity to topoisomerase
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1 inhibitors is still unclear. The sensitivity to topoisomerase I
inhibitors might be controlled by multifactors such as single-
mutations in the topoisomerase 1 enzyme (27), topoisomerase
1 activity (19, 20), P-glycoprotein-associated multidrug
resistance (28, 29) and intercellular drug accumulation (26,
30). Accordingly, we could not explain the mechanisms of
synergy in terms only of topoisomerase I activity.

A synergistic effect on tumor cells in vitre might induce
serious adverse reactions in vive. In Japan, combination
chemotherapy with cisplatin and irinotecan is the standard
chemotherapy for NSCLC and extensive-stage SCLC (31,
32). de Jonge ef al. have reported that the toxicity of the
combination of irinotecan and cisplatin is schedule-
independent (33); we expected a stronger synergistic effect
in tumor cells than that in normal cells and conducted a new
regimen of cisplatin and docetaxe] on day 1 and irinotecan
on day 2 (34).

In conclusion, pretreatment with cisplatin indicated the
sensitivity of cancer cells to SN-38, a metabolite of
irinotecan. This is a promising effect which should be
further investigated in vivo.
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Establishment of a 7-Ethyl-10-hydroxy-camptothecin-resistant
Small Cell Lung Cancer Cell Line
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Abstract. [rinotecan is one of the most active drugs used in
the treatment of small cell lung cancer (SCLC). 7-Ethyl-10-
hydroxy-camptothecin (SN-38) is an active metabolite of
irinotecan. We established an SN-38-resistant subline (§BC-
3/SN-38) by continuous exposwre of SN-38 to a human SCLC
cell line, SBC-3. Using the 3-[4, S-dimethyl-thiazol-2-yl] 2, 5-
diphenyltetrazolium  bromide assay, we evaluated the
eytotoxicity of 17 anticancer agents. The SBC-3/SN-38 cells
were 73-fold more resistant than the parental SBC-3 cells to
SN-38 and showed cross-resistance not only to topoisomerase
(topo) I inhibitors (irinotecan and topotecan}, but also to topo
I inhibitors (adriamycin and etoposide), antimicrotubule
agents (vincristine, vindesine, vinorelbine and docetaxel),
allkylating agents (cyclophosphamide and ifosfamide), platinum
(cisplatin and carboplatin} and antifolate {methotrexate).
Interestingly, the resistant subline reserved the sensitivity to
bleomycin and 5-fluorouracil. The SBC-3/SN-38 cells had
decreased topo I and II activity compared to the parent cells.
The SN-38-resistant cell line, SBC-3/5N-38, will be useful to
elecidate the mechanism of action of the topo I inhibitors.

The role of chemotherapy in the treatment of small cell lung
cancer (SCLC) was established in the past decade. More
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than 80% of patients receiving current intensive
chemotherapy regimens achieve an objective response.
However, most responders eventually relapse and less than
20% survive longer than 3 years (1). The development of
drug resistance in tumor cells is assumed to play a major
role in these disappointing outcomes (2)-

Irinotecan is a semi-synthetic analogue of camptothecin.
In serum and tumor cells, it is converted to an active
metabolite, 7-ethyl-10-hydroxy-camptothecin (SN-38), which
has a specific mechanism of action via inhibition of a
nuclear enzyme, topoisomerase (topo) I (3, 4). Irinotecan
has exerted high activity as a single agent for SCLC (5). A
recent phase III study, in extensive disease (ED) SCLC,
demonstrated that a combination cisplatin and irinotecan
regimen yielded a highly significant improvement in survival
over the standard cisplatin and etoposide regimen (6).
Accordingly, the combination is considered the standard
treatment for ED SCLC. Even using a combination of
irinotecan and cisplatin, the median survival and two-year
survival rate were only 12.8 months and 19.5%, respectively.
The emergence of irinotecan resistance has become a
concern in patients with refractory ED SCLC.

Our objectives were to elucidate the mechanism of
resistance to irinotecan by establishing an SN-38-resistant
human SCLC cell line and to find anticancer agents to
overcome the resistance.

Materials and Methods

Chemicals and reagents. The drugs used in this study were provided
by the following sources: irinotecan and SN-38 from Yakult
Honsha, Tokyo, Japan; topotecan from Smithcline Beecham,
Tokyo, Japan; etoposide and carboplatin from Britol-Myers Sqibb,
Tokyo, Japan; cisplatin and bleomycin from Nippon Kayaku Kogyo
Co., Ltd, Tokyo, Japan; docetaxel from Rhone-Poulenc Rorer,
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Antony, France; adriamycin, 5-fluorouracil, mitomycin C and
vinorelbine from Kyowa Hakko Kogyo, Tokyo, Japan; active
metabolite of cyclophosphamide: 4-hydroperoxycyclophosphamide
{4-HC), active metabolite of ifosfamide: 4-hydroperoxyifosfamide
(4-H1I), vincristine and vindesine from Shionogi & Co., Ltd. Osaka,
Japan; methotrexate from Lederle, Tokyo, Japan. 3[4, 5-dimethyl-
thiazol-2-yl} 2, 5-diphenyltetrazolium bromide (MTT) was
purchased from Sigma Chemical Co., St Louis, MO, USA.

Cell cultures. The parent cell line, the SBC-3 cell line, was
established from the bone marrow aspirate of a previously
untreated SCLC patient (7). The growth medium (RPMI-FBS) was
RPMI 1640 medium supplemented with 10% fetal bovine serum
{Gibco, Grand Island, NY, USA), penicillin-G (100 units/ml) and
streptomycin (100 pg/ml). The SN-38-resistant cell line was
established by continuous exposure of the SBC-3 cell line to
increasing concentrations of SN-38, with subsequent cloning
procedures, Initially, the SBC-3 cells were cultured continuously in
RPMI-FBS containing 0.1nM SN-38. The drug concentration was
gradually increased every 2 to 4 weeks. Finally, the cells growing
vigorously in medium containing 10nM SN-38 were obtained 24
months later. Two weeks later, growing colonies were harvested
and distributed in 24-multiwells; the cells were allowed to grow in
a T25 tissue culture flask. The SN-38-resistant cell line was
designated as SBC-3/SN-38,

Assay of drug sensitivity. Drug sensitivity was determined by MTT
assay (8). Briefly, 50p] of RPMI-FBS containing serial concentrations
of each chemotherapeutic agent was prepared in 96-well flat-
bottomed microplates (Costey, Cambridge, MA, USA). Then 50l
of RPMI-FBS containing 2,000 cells for SBC-3 and 5,000 cells for
SBC-3/SN-38 was added to each well. The cells were incubated for
96 h in a highly humidified incubator with 5% CQ, and 95% air.
Then 50ul of MTT (5 mg/ml phosphate-buffered saline [PBS], pH
7.2) was added to each well. After incubation at 37°Cfor 4 b, 125l
of fresh isopropanol with 0.04 M HCI was added to each well. The
96-well microplates were vigorously shaken by the Direct Mix Model
TS-50 {Thermal Kagaku Sangyo, Tokyo, Japan). Absorbance of each
well was measured at 560nm with the model 3550 microplate reader
(Bio-Rad laboratories, Richmend, CA, USA). The absorbance of a
wel] without chemotherapeutic agents was used as the control, while
that of a well containing only RPMI-FBS, MTT and isopropano] was
used as the background, The percent of surviving cells was calculaled
by the following formula: [(mean absorbance in four test wells -
absorbance in background wells) / (mean absorbance in control wells
- absorbance in background wells)] x 100. The drug concentration
required to inhibit the growth of tumor cells by 50% (1Cq,) was
determined by plotting the logarithm of drug concentratjon versus
the percent of surviving cells. Determinations were carried out in
quadruplicate in each experiment and the results were confirmed by
three or more separate experiments. Relative resistance was
calculated by dividing the 1Cq; value of the SBC-3/SN-38 cells by the
1C5, value of the SBC-3 cells.

Cell growth rate. The growth rate of cells was determined using
the MTT assay. Cells growing in the exponential phase were
seeded in 96-well microplates. The doubling-time of each cell line
was estimated from the time-course of cell increments,
determined by measuring the mean abserbance of 8 wells for 7
successive days (9).
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Table 1. Drug sensitivity in the parent (SBC-3) and the SN-38-resistant
cell lines (SBC-3/SN-38).

Relative P

1C4q value {nM; meanx5D)
resistance value

SBC-3 SBC-3/SN-38 {meanxSD}
SN-38 0.83x0.11 60+9.6 73x11 0.001
Irinotecan 21+4.2 570120 27x2.8 0.014
Topotecan 420075  130x5.1 322068 0.001
Adriamycin 20%1.6 68+8.8 34050 0.011
Etoposide 110+36 580260 55+1.6 0.071
Vineristine 1.6x0.50 51x14 3209 0.039
Vindesine 1.1+0.18 2.6+0.80 2511 0.111
Vinorelbine 3.8x0.99 8.7x27 23x014 0038
Docetaxel 0.75+0.14 1.3+0.015 1.8+030 0.016
4-HC 1000270  1500x457 1.5x0.098 0.049
4-HI 130046 190083 1.4x0.11 0.018
Cisplatin 39067 86043 23068  0.026
Carboplatin 4200940 99003200 242096 0111
Mitomycin C 39x6.0 69422 1.8+038 0129
Bleomycin 39+4.8 32>838 0.81£0.13 0.096
Methotrexate 20x0.71 92%7.2 4.6x0.20 0.003
5-fluorouracil 2600660  3100+750 1.2x039 0331

1Cqy 50% inhibitory concentration, SD: standard deviation, relative
resistance value (JCs value of SBC-3/SN-38 cells / ICq value of SBC-3
cells) was calculated from each experiment. 4-HC: 4-hydroperoxycyclo-
phosphamide, 4H1: 4-hydroperoxyifosfamide. P-value is evaluated vsing
paired Student’s 1-test.

Intracellular glutathione and glutathione-S-transferase-n. Cells in the
exponential growth phase were washed 3 times in cold PBS and
sonicated with a 30-min burst using a Bioruptor (model UC100-D;
Olympus, Tokyo, Japan). The ghutathione (GSH} and glutathione-S-
transferase-r (GST-m) concentration in the supernatant were
determined after centrifuging the sonicates at 7,000g for 5 min.
GSH was assayed by the method teported by Tietze (10} while
GST-n was assayed using a GST-n EIA kit (Dainihon Seiyaku,
Osaka, Japan). GSH and GST-n concentration were expressed as
the ratio to mg protein determined by the method of Bradford (11).

Flow cytemeny. A monoclonal antibody against P-glycoprotein,
MRK16 was kindly provided by Dr. Tsuruo, the Applied Microbial
Institute, the Tokyo University, Japan. As a negative control,
mouse IgG2a was used. The cells were stained as described
previously. Flow cytometric analysis was performed on a FACStar
{Becton Dickinson Immunocytometry Systems, San Jose, CA,
USA). Data were analyzed according to Consort 30 software
(Becton Dickinson Immunocytometry Systems).

DNA topo acrivity. Crude nuclear extract was prepared according
to the method of Tsutsui er al. (12). DNA topo I activity was
delermined as described by Tsutsui ef al. (12). Plasmid DNA
pBR322 was kindly provided by Dr. Tsutsui. The reaction
proceeded at 30°C for 40 min in a 20ul mixture containing 10mM
Tris-HCI, 0.1M NaCl, ImM EDTA (pH 8.0), 0.5 pg of pBR322
DNA and 1pl of nuclear extract. The mixture was then treated with
0.66% SDS and 0.3mg/proteinase K prior to the analysis of DNA
products by 0.8% agarose gel electrophoresis. The pels were
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Figure 1. Expression of P-glycoprotein in the SBC-3, SBC-3IADM 100 and SBC-3/SN-38 cells was analyzed by flow cytometry. A solid line represents a
fliorescence histogram by control amibody (mouse IgG2a), while a dotted line represents a fluorescence histogram by MRK16 monoclonal antibody.
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Figure 2. DNA topo [ activity determined by relaxation assay of pBR322 showing a decreased topo I activity in the SBC-3/S1;\"-38. The amount of nuclear
extracts was 3 uig for lanes L and 7, 1.5 pg for lanes 2 and 8, 0.75 peg for lanes 3 and 9, 0.375 sig for lanes 4 and 10, 0.18 ug for lanes 5 and 11, and 0.09

g for lanes 6 and I12. Lanes 1-6: SBC-3; lanes 7-12: SBC-3/SN-38,

stained with 0.5 pg/ml ethidium bromide and photographed under
UV light. DNA topo IT activity was assayed according to a modified
technique described by Miller et al. (13). Kinetoplast DNA
(kDNA) was also kindly provided by Dr. Tsutsui. After incubation
in a total of 20-p! mixtures containing 50mM Tris-HCI (pH 8.0),
120mM KC1, 10mM MgCl,, 0.5mM dithiothreitol, 0.5mM EDTA
(pH 8.0), 0.5mM ATP, 30 ug/ml BSA, 0.5 pg of kDNA and 1yl of
nuclear extract at 30°C for 40 min, the reaction mixture was
electrophoresed. The gels were stained and photographed as
mentioned above.

Statistical analysis. Values are given as means % standard deviation.
Statistical analyses were performed using the SPSS Base System™
programs (SPSS, Chicago, [L, USA}. The significance of difference
between two paired groups was determined by the Student’s r-test.
P-values less than 0.05 in two-tailed analyses were considered
significant.

Results

The ICsp and relative resistance to 17 anticancer agents of
SBC-3 and SBC-3/SN-38 cells are shown in Table 1. The
SBC-3/SN-38 cells were 73-fold more resistant than the
SBC-3 cells to SN-38 and showed high cross-resistance: 27-
fold to irinotecan and 32-fold to topotecan. The resistant

subline revealed moderate cross-resistance to topo II
inhibitors (adriamycin and etoposide), to antimicrotubule
agents (vincristine, vindesine, vinorelbine and docetaxel), to
platinum (cisplatin and carboplatin), to mitomycin C and to
methotrexate. The SBC-3/SN-38 cells were less, but
significantly cross-resistant to 4-HC (1.5-fold) and 4-HI (1.4
fold). The SBC-3/SN-38 cells retained the sensitivity to
bleomycin and 5-fluorouracil.

The doubling-time of the SBC-3/SN-38 cells, 23.6 h, was
close to that of the SBC-3 cells, 21.6 h. The intracellular
GST-n was similar in the two cell types (4.24 pg/mg protein
for the SBC-3 cells and 4.39 pg/mg protein for the SBC-
3/SN-38 cells). Intracellular GSH was undetectable in both
cell lines. Although P-glycoprotein was demonstrated in the
SBC-3/ADMI00 cells as positive control, it was not detected
in the SBC-3/SN-38 cells (Figure 1}.

The appearance of a relaxed DNA band and the
disappearance of supercoiled forms are regarded as
evidence for an adequate topo I activity in the nuclear
extracts. In this experiment (Figure 2), supercoiled forms
disappeared in the presence of nuclear extracts of over
0.375 g of the SBC-3 (lanes 1-4) and over 0.75 pg of the
SBC-3/SN-38 (lanes 7-9). Accordingly, the topo I activity of
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| minicircles

SBC-3

SBC-3/SN-38

Figure 3. DNA topo 11 activity determined by decatenation assay of kDNA showing a decreased topo 1l activity in SBC-3/SN-38. The amount of nuclear
extracts was 0.00025 ug for lanes 1 and 6, 0.0005 ug for lanes 2 and 7, 0.001 ug for lanes 3 and 8, 0.002 yg for lanes 4 and 9, 0.004 pg for lanes 5 and
10, and none for lane 11 as a negative control. Lanes 1-5: SBC-3; lanes 6-10: SBC-3/5N-38.

the SBC-3/SN-38 cells was considered to be half that of the
SBC-3 cells. Topo II activity was determined by a kDNA
decatenation assay (Figure 3). The formation of minicircles
increased and kDNA disappeared in the presence of over
0.002 pg of the SBC-3 (lanes 4-5) and over 0.004 pg of the
SBC-3/SN-38 (lane 10). This indicates that the topo II
activity of the resistant cells is half that of the parent cells.

Discussion

We established an SN-38-resistant SCLC cell line ex vivo
derived from SBC-3 cells. Several sublines resistant to a topo
I inhibitor, such as camptothecin-resistant leukemia cell lines
(14,15), a camptothecin-resistant Chinese hamster ovary cell
line (16), a camptothecin-resistant non-small cell lung cancer,
colon cancer and gastric cancer cell lines (17,18), an
irinotecan-resistant non-small cell lung cancer cell line (19},
an SN-38-resistant.SCLC cell line (20) and a topotecan-
resistant ovarian cancer cell line (21), have been reported.
Although there is a slight difference in the cross-resistance
pattern among these sublines, they are generally non-cross-
resistant or collaterally sensitive to topo I1 inhibitors and non-
cross-resistant to platinum, alkylating agents, antimicrotubule
agents or methotrexate. On the contrary, the SBC-3/SN-38
cells were resistant to these anticancer agents. In addition,
the relative resistance values of bleomycin and 5-fluorouracil
were 0.81-fold and 1.2-fold, respectively. Bleomycin has not
been examined in topo I inhibitors-resistant sublines to our
best knowledge. A CPT-11-resistant non-small cell lung
cancer cell line was cross-resistant to 5-fluorouracil (20), but
an SN-38-resistant SCLC cell line was not (21).

Several mechanisms of resistance to topo I inhibitors have
been reported .(22). P-glycoprotein, which contributes to
reduced accumulation of adriamycin, etoposide or
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antimicrotubule agents in the cells, is not overexpressed in the
topo I inhibitor-resistant sublines as confirmed in our study.
Another transporter, breast cancer resistance protein (BCRP),
is responsible for the enhanced efflux of SN-38 (22). Another
S$N-38-resistant SCLC cell line (23) overexpressed BCRP,
which has been confirmed in the SBC-3/SN-38 cells (24). A
decrease in topo I activity and/or content also contributes to
the resistance. In this study, we demonstrated that topo 1
activity in the SBC-3/SN38 cells was approximately half of the
parent eell line. However, the 73-fold resistance value of SN-
38 could not be explained by the reduced activity alone. On
the other hand, topo II activity was elevated in the topo ]
inhibitor-resistant sublines (25, 26). In the present study, the
decline of topo II activity in SBC-3/SN-38 was demonstrated
and is responsible, in part, for the development of resistance
to adriamycin (3.4-fold) and etoposide (5.5-fold). Regarding
the drug detoxification system, Goto et al. (27) reported that
irinotecan induced an increase in intracellular GST-n level.
GST-n level was elevated in the cisplatin-resistant subline
(SBC-3/CDDP) (28), adriamycin-resistant subline (SBC-
IADMI00) (29) and etoposide-resistant subline (SBC-3/ETP)
(30), compared to that of the parent cell line. However, it was
not elevated in the SBC-3/SN-38 cells. In addition, the GSH
level was lower than the detection level in the SBC-3/8N-38,
although it was elevated in'the SBC-3/CDDP (29) and SBC-
3/ADMI00 (30). Accordingly, G8T-n and GSH were not
responsible for the resistance to platinum, alkylating agents
and anthracyclines in the SBC-3/SN-38 cells.

Other mechanisms of resistance to topo I inhibitors,
such as cellular localization of topo I, stabilization of
DNA-topo 1 complexes, ubiquitin/265 proteasome-
dependent degradation of topo I, DNA repair activity and
regulation of NF-kB, efc., have also been reported
(reviewed in Ref No. 22). Further studies are needed to
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clarify the cross-resistance pattern in the SBC-3/SN-38
cells. However, the resistant subline described here would
be useful in the screening of anticancer agents showing
sensitivity to irinotecan-resistant SCLC. Jensen et al. (31)
reported that the different cytotoxicity patterns for a panel
of acquired drug-resistant cells could enable the selection
of non-cross-resistant drugs. The drugs that are cytotoxic
to both SBC-3/SN-38 and SBC-3/CDDP cells might be
effective in refractory SCLC patients previously treated
with irinotecan and cisplatin. The SBC-3/CDDP cells were
significantly more sensitive than the parent cells to 5-
fluorouracil (29) and were equally sensitive to bleomycin
(unpublished data).

There were no sets of adriamycein-, etoposide-, cisplatin-
and SN-38- (or irinotecan)-resistant cell lines derived from
the same parent cell line. Adriamycin-resistant SBC-
3/ADM, SBC-3/ADM100, etoposide-resistant SBC-3/ETP

and cisplatin-resistant SBC-3/CDDP cells were established

in our laboratory and now SN-38-resistant SBC-3/SN-38
cells are presented here. Using these resistant cell lines, the
drug-resistant mechanisms induced by each drug can be
compared and reported (24).

In conclusion, the irinotecan-resistant cell line selected
by continuous exposure of SBC-3 cells to SN-38 will be
useful to elucidate the mechanism of irinotecan resistance
and to explore new drugs for irinotecan-resistant SCLC.
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of chemotherapy in NSCLC, and a considerable number of
new RCTs have been completed. The total number of
patients randomly assigned has risen to approximately
23,000 patients,

As the aim of the NSCLC Collaborative Group is to
provide an up-to-date and reliable review of the role of
chemotherapy, both to act as a sound basis for evidence
based medicine and to help guide future research, it was
decided that an update was timely. A number of new agents
and timings have been investigated in all settings, and the
update consists of adding trials published since the 1995
analyses and additional follow-up data from trials already
included, as well as looking at additional outcomes in cer-
tain settings. We are also investigating the effect of chemo-
therapy in three additional settings (comparisons 2, 5, and
6), bringing the total to seven: (1) surgery versus sur-
gery plus chemotherapy (adjuvant); (2) surgery versus che-
motherapy plus surgery {necadjuvant); (3) surgery plus
radiotherapy versus surgery plus radiotherapy plus chemo-
therapy; (4) radiotherapy versus sequential radiotherapy
plus sequential chemotherapy; (5) radiotherapy versus ra-
diotherapy plus concomitant chemotherapy; (6) radiother-
apy plus sequential chemotherapy versus radiotherapy plus
concomitant chemotherapy; (7) supportive care versus
supportive care plus chemotherapy.

For the update of the 1995 meta-analyses, we have
identified a total of 22 new RCTs with more than 8,000
patients in the equivalent setting to that which is de-
scribed by Hotta et al, bringing the total number of trials
to 38. If we can include these patients, it would bring the
total number of patients in this comparison alone to
more than 10,500 patients.

As Piedbois and Buyse point out, IPD meta-analyses
are considered the gold standard but need time and fund-
ing. This meta-analysis by Hotta et al, is a valuable resource
in the absence of other evidence, but the results should be
considered with caution until they can be compared with
the updated IPD meta-analysis.
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Meta-Analysis Group, MRC Clinical Trials Unit, London, UK
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In RerLY: We appreciate the constructive comments
from Burdett et al concerning the importance of meta-analysis
using individual patient data (IPD) in patients with all stages of
non—small-cell lung cancer (NSCLC). The meta-analysis con-
ducted by the NSCLC Collaborative Group {NSCLC-CG) in
1995 has been a very important and helpful reference for clini-
cians involved in NSCLC treatment.” Its results have also been
an important reference for new clinical trials for NSCLC,
Despite our great respect for the NSCLC-CG study, we were
still interested in whether meta-analysis of trials not included
in the NSCLC-CG study would be in accordance with its
results because most of the trials in the NSCLC-CG analysis
involved outdated regimens no longer used in NSCLC
treatment. Therefore, we narrowed our objective to clarify-
ing the role of cytotoxic agents, including platinum or uracil-
tegafur, as adjuvant chemotherapy, and limited eligible trialsto
those we anatyzed.?

We have no objection to their statement that IPD-
based meta-analysis is more ideal than abstracted data—
based meta-analysis, in terms of to obtaining answers to
more specific clinical questions. We conducted our ab-
stracted data—based analysis to address our aforementioned
clinical question because we were not in a position to con-
duct an [PD-based analysis. We are very pleased to hear that
an IPD-based meta-analysis is underway, and we eagerly
await the results, We especially look forward to seeing
whether the results are consistent with ours.
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Treatment of Secondary Acute
Myeloid Leukemia

To THE EpiToR: In a recent issue, Kern et al reported the
experience of the German Cooperative Group on the treat-
ment of therapy-related acute myeloid leukemia (tAML), con-
cluding that these patients should be treated as “de novo”
AML. The most important prognostic parameter was the cy-
togenetic pattern, while being a “therapy related disease™ itself
does not retain a specific negative prognostic significance.!

We want to add the experience of the Gruppo Italiano
Malattie Ematologiche dell’Adulto (GIMEMA) in the treat-
ment of tAML. We analyzed the gutcome of patients with
tAML in comparison with de novo AML in patients treated
with standardized chemotherapy according to four consec-
utive trials for previously untreated AML conducted during
the period January 1987 to January 2001 by the GIMEMA
cooperative group. The study population comprised more
than 2,000 adult patients with newly diagnosed AML; only
patients who had no recurrence of their prior malignancy at
the time of tAML were included in the analysis. Thirty-eight
patients were treated with chemoradiotherapy and subse-
quently developed tAML (1.5%). In a case-matched study,
three cases of de novo AML, comparable for age, French-
American-British criteria, WBC count at AML diagnosis,
trial, and time of diagnosis were chosen for each tAML case.
Cytogenetic study was available only in a limited number of
cases {12 patients), and a comparison was made between
tAML patients in whom cytogenetic pattern was known,
with de novo AMI, patients belonging to the same risk
category and respective to all the previously reported
matching criteria. tAML occurred after a median latency of
38 months from primary malignancy. None of the patients
with tAML had a previous myelodysplastic phase, Sixty-six
percent of patients with tAML achieved compete response
(CR), 16% died in induction, and 18% were resistant, The
actuarial Kaplan-Meier projection at 5 years showed a
disease-free survival (DFS) of 35%. The median overall
survival {OS) for all patients was 11.4 months. The actuarial
Kaplan-Meier curve showed an OS 0f 19% at 5 years, and of
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15.2% at 10 years. Comparing the CR rate between 38 tAML
and 114 de nove AML patients selected according to the
previously reported criteria, no difference was observed
(66% v 58%; Pearson x> = 0.7393; P = .390), and no
difference was observed comparing the DFS and the OS
between the two groups.

In a recent experience of the European Bone Marrow
Transplantation Group the actuarial 2-year survival, DFS, re-
lapse rate, and transplant-related mortality of patients with
tAML were not statistically different from those of patients
with de novo AML.* However, this procedure can really be
performed in only a small proportion of patients with tAML,
because they are, in the majority of cases, too old for the
procedure and are frequently unable to tolerate conventional
myeloablative regimens. Recently, Rowe emphasized that the
prognosis of the tAML is absolutely similar to that of de novo
AML with corresponding cytogenetic risk. This observation
was also confirmed by a GIMEMA study on secondary acute
promyelocytic leukemta that presented no difference in remis-
sion rate when compared with de novo acute promyelocytic
leukemia enrolled in the AIDA (All-trans-retinoic acid plus
Idarubicin) trial.*

Furthermore, no specific treatment strategies for tAML
demonstrated a higher activity with respect to standard ther-
apy. The lack of cytogenetic data in our patients surely repre-
sents a limit of our evaluation; however, in the risk analysis, we
separately analyzed the cohort of patients, comparing them
with de novo AML cases in which the cytogenetic profile was
available with corresponding cytogenetic risk; the CR rate, OS,
and DFS did not differ between the two groups. It is notewor-
thy that in none of our tAML patients was a previous myelo-
dysplasia reported. It is well known that a myelodysplastic
phase generally worsens the outcome of AML, above all in
tAML. The absence of an myelodysplastic phase could influ-
ence the results of treatment in our series. In fact, a recent
report by Goldstone et al® on a large population of AML
patients enrolled in the MRC AML 10-11-12 trials, demon-
strated that those patients with tAML had a worse prognosis
and were in more than 50% of cases of postmyelodysplastic AML.

The results of this study and the above considerations,
together with the data reported by Kern et al,! support the
evidence that tAML patients usually have a worse prognosis
frequently because of older age, lower performance status, and
higher comorbidity, frequently assaciated with unfavorable
cytogenetic profile with respect to de novo AML. Therefore,
the secondary nature of the disease should not itself be consid-
ered an adverse factor, and the therapeutic strategy should be
defined considering the conventional risk factor combination,
similar to the de novo AML cases.

Alessandro Pulsoni and Livio Pagano

Department of Hematology, La Sapienza University and Catholic
Universities, Rome, ltaly
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The Relationship between Epidermal Growth Factor Receptor
Mutations and Clinicopathelogic Features in Non—Small

Cell Lung Cancers
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ABSTRACT

Purpose: Recent studies reported that clinical respon-
siveness to gefitinib was associated with somatic mutation of
epidermal growth factor receptor (EGFR) gene in non—
small cell lung cancers (NSCLC). Here, we investigated the
relationship between EGFR mutation and clinicopathologic
features.

Experimental Design: EGFR mutational status of 120
NSCLCs was determined mainly in EGFR exons 18 to 21
by direct sequence and correlated with clinicopathologic
parameters.

Results: EGFR mutations were present in 38 cases
(32%) and the majority of mutations were in-frame deletions
of exon 19 (19 cases) and a missense mutation in exon 21
(18 cases). EGFR mutations were frequently associated with
adenocarcinoma (P < 0.0001), never smoker (P < 0.0001),
and female gender (P = 0.0001). Of interest, increasing
smoke exposure was inversely related to the rate of EGFR
mutation (P < 0.0001). Multivariate analysis showed that
smoking and histology were independent variables. Further-
more, gender difference was observed for the mutational
location (P = 0.01) dominance of exon 19 for males and exon
21 for females. Twenty-one cases were treated with gefitinib
and found that EGFR mutation was significantly related
to gefitinib responsiveness (P = 0.002). In addition, median
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survival times of patients with and without EGFR mutations
treated with gefitinib were 25.1 and 14.0 months, respec-
tively. Patients with EGFR mutations had approximately
2-fold survival advantage; however, the difference was not
significant.

Conclusions: We show that EGFR mutations were
significantly related to histology and smoke exposure and
were a strong predictive factor for gefitinib responsiveness in
NSCLC.

INTRODUCTION

Lung cancer is one of the major causes of cancer deaths in
the world with over 1 million cases diagnosed every year (1).
Human lung cancers are classified into two major types, small
cell lung cancer (SCLC) and non-small cell lung cancer
{NSCLC), the latter consisting of several types (2), mainly
adenocarcinoma and squamous cell carcinoma. Previously,
squamous cell carcinoma was the predominant form of NSCLC,
but in the last few decades it has been replaced by
adenocarcinoma (3, 4). Tobacco smoking is a widely recognized
risk factor for lung cancer, especially for squamous cell
carcinoma and SCLC, but smoke exposure seems to be a less
potent oncogenic factor for adenocarcinoma,

NSCLC is generally less sensitive to chemotherapy than
SCLC and curative intent surgical resection is the treatment of
first choice (5). However, chemotherapy and/or radiotherapy
are often used for advanced or recurrent cases. With the
accumnulation of knowledge of molecular biclogy of lung
cancer, several genetic changes including TP53 mutation were
reported to be related to response to chemotherapy (6).
Epidermal growth factor receptor (EGFR) is a receptor
tyrosine kinase identified as being highly expressed in cancer
cells including lung cancers (7). EGFR is a transmembrane
protein consisting of an extracellular ligand-binding domain, a
transmembrane domain, an intracellular tyrosine kinase (TK)
domain and a regulatory region (8). After ligand binding,
specific tyrosine residues of the intracellular domain are
autophospherylated, which results in initiation of the intracel-
lular signaling cascade, including the Ras/RaffMAPK, JAK/
STAT and PI3K-Akt pathways, leading to a multitude of
effects including cell proliferation, cell differentiation, angio-
genesis, metastasis, and antiapoptosis (9). Gefitinib is an orally
aclive EGFR TK inhibitor and has been widely used in
clinical trials and is approved for the treatment of advanced
NSCLC (10-12),

The mechanisim of antitumor effect or drug sensitivity has
not been clearly understood (12); recently, however, Lynch et
al. and Paez et al. reported that clinical responsiveness to
gefitinib was associated with somatic mutations in the TK
domain of EGFR gene in NSCLCs (13, 14). These mutations
occurred near the ATP cleft of the TK domain in which



