are already established. This proposal is justified only on the basis
of evidence-based medicine. In this situation, positive indicators
for the effectiveness of PAC with uracil-tegafur are needed.
However, in this study, we were unable to detect novel biomarkers
for selection of good responders. The two protein molecules
detected in this proteomic analysis were biomarkers indicative of
good prognosis.

The ultimate purpose of clinical proteomics is to improve

diagnostic procedures including the exact evaluation of biological

characteristics of tumour cells and to understand the molecular
pathogenesis of cancers to devise novel therapeutic strategies. We
believe that proteomic analysis will become an integral tool for
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investigation of tumour biology. We conclude that negative
expression of both myosin 1TA and vimentin is an indicator of
good prognosis for stage I lung adenocarcinoma without the need
for PAC.
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Small-cell lung cancer (SCLC), which accounts for approximately
14% of all malignant pulmonary tumours, is an aggressive
malignancy with a propensity for rapid growth and early
widespread metastases (Jackman and Johnson, 2005). A combina-
tion of cisplatin and etoposide (PE) has been the standard
treatment, with response rates ranging from 60 to 90% and median
survival times (MSTs) from 8 to 11 months in patients with
extensive disease (ED)-SCLC (Fukuoka et al, 1991; Roth er af,
1992). A combination of irinotecan and cisplatin (IP} showed a
significant survival benefit over the PE regimen (MST: 12.8 vs 9.4
months, P =0.002) in a Japanese phase I trial for ED-SCLC (Noda
et al, 2002), although another phase IIl trial comparing these
regimens failed to show such a benefit (Hanna et al, 2006). Thus,
irinotecan, cisplatin and etoposide are the current key agents in
the treatment of SCLC. A phase 1T trial of the three agents, IPE
combination, in patients with ED-SCLC showed a promising
antitumour activity with 4 response rate of 77%, complete
response (CR) rate of 17% and MST of 12.9 months (Sekine
et al, 2003).

We have developed these IP and IPE regimens in a 4-week
schedule where irinotecan was given on days 1, 8 and 15. The dose
of irinotecan  on day 15, however, was frequently omitted because
of toxicity in both regimens (Noda et al, 2002; Sekine et al, 2003).

*Correspondence: Dr ) Sekine, Division of Intemal Medicine and
Thoracic Oncology, National Cancer Center Hospital, Tsukiji 5-1-1,
Chuo-ku. Tokyo 104-0048, Japan; E-mail: isekine@ncc.gojp
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Patients with previously untreated extensive-disease small-cell lung cancer were treated with irinctecan 60mgm™ on days | and-8
and cisplatin 60mgm™2 on day | with (n=55) or without (n =54) etoposide S0 mgm~" on days | -3 with granulocyte colony-
stimulating factor support repeated every 3 weeks for four cycles. The triplet regimen was too toxic to be considered for further
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The objectives of this study were to evaluate the toxicities and
antitumour effects of IP and IPE regimens in the 3-week schedule
in patients with ED-SCLC and to select the right arm for
subsequent phase III trials. ’

PATIENTS AND METHODS

Patient selection

Patients were enrolled in this study if they met the following
criteria: (1) a histological or cytological diagnosis of SCLC; (2) no
prior treatment; (3) measurable disease; (4) ED, defined as having
distant metastasis or contralateral hilar lymph node metastasis; (5)
performance status of 0~2 on the Easterii Cooperative Oncology
Group (ECOG) scale; {6) predicted life expectancy of 3 months or
longer; {7) age between 20 and 70 years; (8) adequate organ
function as documented by a white blood cell (WBC) count
>4.0 x 10>4™", neutrophil count >2.0'% 10°jil ™!, haemoglobin
>9.5gdl™, platelet count >100x10°4", fofel seram
bilirubin<1.5mgdl™’, hepatic transaminases<100IUT™, serum
creatinine < 1.2mgdl™", creatinine clearance >60 ttilmin™, and
Pa0, >60torr; and (9) providing written informed consent. '

Patients were not eligible for the study if they had any of the

following: (1) uncontrollable pleural, pericardial effusion o
ascites; (2) symptomatic brain metastasis; (3) active infection;
(4) contraindications for the use of irinotecan, including
diarrhoea, ileus, interstitial pneumonitis and lung fibrosis; (5)
synchronous active malignancies; (6) serious concomitant medical
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illness, including severe heart disease, uncontrollable diabetes
metlitus or hypertension; or (7) pregnancy or breast feeding.

Treatment schedule

In the IP arm, cisplatin, 60mgm™2, was administered intra-

venously over 60min on day 1 and irinotecan, 60 mgm", was
administered intravenously over 90min on days 1 and 8.
Prophylactic granulocyte colony-stimulating factor (G-CSF) was
not administered in thkis arm. In the IPE arm, cisplatin and
irinotecan were administered at the same dose and schedule as
the IP arm. In addition, etoposide, 50 mgm™?, was administered
intravenously over 60 min on days 1-3. Filgrastim 50 ug m? or
lenograstim 2ugkg™' was subcutaneously injected prophylacti-
cally from day 5 to the day when the WBC count exceeded
10.0 x 10% 44", Hydration (2560 ml) and a 5HT; antagonist were
given on day |, followed by an additional infusion if indicated in
both arms. These treatments were repeated every 3 weeks for a
totat of four cycles. :

Toxicity assessment, treatment modification and response
evaluation

Toxicity was graded according to the NCI Common Toxicity
Criteria version 2.0,

Doses of anticancer agents in the following cycles were modified
according to toxicity in the same manner in both arms. Qbjective
tumour response was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST) (Therasse et al,
2000).

Study design, data management and statistical
considerations

This study was designed as a multi-institutional, prospective
randomised phase IT trial. This study was registered on 6
September 2005 in the University hospital Medical Information
Network (UMIN) Clinical Trials Registry in Japan (http://
www.umin.ac.jp/ctr/index.htm), which is acceptable to the Inter-
national Committee of Medical Journal Editors (ICMJE) (hitp://
wiww.icmje.orgffaq.pdf). The protocol and comsent formn were
approved by the Institutional Review Board of each institution.
Patient registration and randomisation were conducted at the
Registration Center. No stratification for randomisation was
performed in this study. The samnple size was calculated according
to the selection design for pilot studies based on survival (Liu et al,
1993). Assuming that (1) the survival curve was exponential for
survivals; (2} the MST of the worse arm was 12 months and that of
the bettér arm was 12 months x 1.4; (3) the correct selection
probability was 90%; and (4) additional follow-up in years after the
end of accrual was 1 year, the estimated required number of
patients was 51 for each arm. Accordingly, 55 patients for each arm
and their accrual period of 24 months were planned for this study.

The dose intensity of each drug was calculated for each patient
using the following formula as previously described:

The dose intensity (mgm™2 week™)
_ Total milligrams of a drug in all cycles perbody surface area
- Total days of therapy /7

where total days of therapy is the number of days from day 1 of
cycle 1 to day 1 of the last cycle plus 21 days for both arms
(Hryniuk and Goodyeat, 1990).

Diffetrences in the reason for termination of the treatment and
the frequencies of grade 3-4 toxicities were assessed by 3, tests.
Survival was measured as the date of randomisation to the date of
death from any cause ot the date of the most recent follow-up for
overatl survival and to the date of disease progression or the date
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of death for progression-free survival (PFS). The survival of the
arms was estimated by the Kaplan-Meier method and compared
in an exploratory manuer with log-rank tests (Armitage et al,
2002). '

RESULTS

Patient characteristics

From March 2003 to May 2005, 55 patients were randomised to iP -
and 55 patients to IPE. One patient in thé 10 arm was excluded
because the patient was ineligible and did not receive the study
treatment. The remaining 109 patients were included in the
analyses of toxicity, tumour response and patient survival. There
were no differences between the two arms in any demographic
characteristics listed (Table 1).

Treatment delivery

Treatment was welf tolerated with respect to the number of cycles
delivered in both arms (Table 2). Among reasons for termination
of the treatment, disease progression was noted in nine (17%)

Table 1 Patient characteristics
IP (n=54) IPE (n=58)

Sex

Femate I 8

Male 43 47
Age (years)

Median (range) 63 (12-70) 62 (18-70)
23

1] 1 12

i 42 4}

2 t 2
Weight loss

0-1% 38 413

§~9% 0 i0

210% 6 2
Table 2 Treatment delivery

IP(n=54) IPE (n=35)
No. (%) No. (%)

Number of cycies detivered

pi — ()

4 41 (76) 36 (65)

3 6 (1) 6(i 1)

2 3¢ 6(lh

} i 6(1h
Reasons for termination of the treaiment’ L

Completion 10 (74) L. .,35.(64) o

Disease progression 9(17) Crn(E) e

Toxicity 3(6) . |3 24} i

Patient refusal 29 A

Others 0 (0) @
Total number of cycles defivered 192 {100) l86:(100)":"':"
Total number of omission on day 8 35 (18) 37(17) _
Total number of cycles with dose reduction 28 (15) 31 (17
190013 by »* test. *Protoco! viclation. '
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patients in the [P arm and in two (4%) patients in the IPE arm,
whereas toxicity was noted in three (6%) patients in the IP arm and
13 (24%) patients in the IPE arm (P = 0.013) (Table 2). The dose of
irinotecan on day 8 was omitted in 35 (18%) cycles in the IP arm
and 37 (17%) cycles in the IPE arm (Table 2). The total dose and
- dose intensity of cisplatin and etoposide were similar between the
IP and IPE avms in the presént study (Table 3).

Toxicity
The myelotoxicity was more severe in the IPE arm (Table 4). Grade

3 febrile neutropaenia was noted in 5 (9%) patients in the [P arm
and 17 (31%) patients in the IPE arm (P = 0.005). Packed red blood

Table 3 Total dose and dose intensity

3.weelt regimens in this study 4-week regimen®

IP (n = 54)
Median (range)

IPE (n=55)
Median (range)

tPE (n:-30)
Median (range)

Total dose (mgm™?)

Cisplatin 240 (60-240) 240 (60-360) 240 (60-210)

frinotecan 420 (60-480) 390 (60-720) 563 (60-720)

Etoposide 4} 600 {150-900} 600 (150-690)
Dose intensity (mgm™* week™}

Cisplatin 19 (14-25) 20 (16-34) 15 (12-15)

Irinotecan 33 (14-40) 35 (15-55) 35 (19-45)

Etoposide ] 48 (31~68) 37 (28-138)
From our previous study {Sekine et of. 2003).
Table 4 Grade 3-1 toxicities

P (n=54) IPE (n =58)
Grade3 4 344 (%) Grade3 4 344 (%)

Leukocylopaenia 9 110(19) 18 i 29 (53
Neutropaenia 17 H o 282 24 28 52 (%5)"
Anzemia 8 0 18{25) 16 9 25 (45)
Thrombocytopaenia 2 0 2( I3 0 13(13)
fFebrile neutropaenia 5 0 5S® 17 0 73
Diarvhoea 8 0 8 (I15) it 2 13Q4
Vomiting 4 0 4N 3 0 3%
Fatigue I I ) 5 booe(ily
Hyponatracmia 9 3 12(22) I 2 13(2%)
AST elevation 0 0 0{0) 3 ¢ 3(9
CRN elevation | 0 I (2) 0 0 0¢0)

*P <000k "P<0.01; and ' =0054 by 42 test.
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cells were transfused in 4 (7%) patients in the IP regimen and 14
(26%) patients in the IPE regimen (P=0.011). Platelet concen-
trates were needed in none in the IP regimen and 2 (4%) patients
in the IPE regimen (P =0.16). Grade 3-4 diarthoea was observed
in 8 (15%) patients in the IP arm and 13 (24%) patients in the IPE
arm (P=0.262). Grade 3-4 fatigue was more common in the IPE
arm with marginal significance (2 vs 11%, P=0.054). The severity
of other non-haematological toxicities did not differ significantly
bet:iveen the arms. No treatment-related death was observed in this
study.

Response, treatment after recurrence and survival

Four CRs and 37 partial responses (PRs) were obtained in the IP
arm, vesulting in the overall response rate of 76 with 95%
confidence interval (CI) of 65~87%, whereas six CRs and 42 PRs
were obtained in the IPE arm, and the overall response rate was
87% with a 95% CI of 79-96% (P=0.126). Median PFS was 4.8
months (95% CI, 4.0-5.6) in the IP and 5.4 months (95% CI, 4.8~
6.0} in the IPE arm (P =0.049) (Figure 1A). After recurrence, 22
(449%) patients in the IP arm and 8 (16%%) patients in the IPE arm
received eloposide-containing chemotherapy. The MST and 1-year
survival rate were 12.4 months (95% CI, 9.7-15.1) and 54.8% (95%
Cl, 41.4~68.2%) in the 1P and 13.7 months (95% Cl, 11.9-15.5)
and 61.5% (95% Cl, 48.6-74.4%) in the IPE arm (P=0.52),
‘respectively (Figuve 1B},

DISCUSSION

This study showed that the IPE regimen in a 3-week schedule with
CSF support produced a promising response rate, PES and overall
survival. Haematological toxicity in the IPE arm, however, was
very severe in spite of the G-CSF support with the grade 3 febrile
neutropaenia noted in 31% of patients.

In comparison between the 3-week IPE regimen in this study
and the 4-week IPE regimen in the previous study, the delivery of
cisplatin and etoposide was improved in the 3-week IPE regimen
when compared with the 4-week TPE regimen at the cost of the
irinotecan total dose. The response rate and MST were 87% and
13.7 months, respectively, in the 3-weck IPE regimen and 77% and
12.9 months in the previous 4-week schedule, and toxicity profiles
were comparable to each other {Sekine et al, 2003). .

The MST of 12.4 months in the IP arm in this study was
comparable to that of the previous phase 1] study, with an MST of
12.8 months (Noda ef al, 2002). Thus, this study showed the
reproducible excellent survival outcome of patients with ED-SCLC
who were treated with the IP combination. In contrast, a recent
American phase II1 study of the PE regimen vs IP regimen failed to
show the supetiority of the IP regimen to the PE regimen; the MST

Pe———

O 6 12 18 24 30 36 42 48
Months

Figure |  Progression-free survival (A) and overall survival (B). Thick line indicates the IPE regimen and thin line indicates the IP regimen.
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for the PE regimen was 10.2 months and that for the IP regimen
was 9.3 months (Hanna ef al, 2006). The discrepancy between the
Japanese and American trials may be explained by the different
cisplatin dose schedules; cisplatin was delivered at a dose of
60mgm~? on day 1 every 3 or 4 weeks in the Japanese trials,
whereas cisplatin was delivered at a dose of 30mgm™? on days 1
and 8 every 3 wecks in the American one. A platinum dgent
administered at divided doses was associated with poor survival in
patients with ED-SCLC in our previous randomised phase Il study
(Sekine ez al, 2003).

The issue of adding further agents to the standard doublet
regimen has been investigated in patients with ED-SCLC, The
addition of ifosfamide or cyclophosphamide and epirubicin to the
cisplatin and etcposide combination produced a slight survival
benefit, but at the expense of greater toxicity (Loehrer et al, 1995;
Pujol et al, 2001). Phase III trials of cisplatin and etoposide with or
without paclitaxel showed unacceptable toxicity with 6-13% toxic
deaths in the paclitaxel-containing arm (Mavroudis et al, 2001;
Niell et al, 2005). The results in these studies and the current study
are consistent in the increased toxicity despite the G-CSF support
and no definite survival benefit in the three or four drug
combinations over the standard doublet in patients with ED-SCLC.
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Abstract

Somatic mutations in the epidermal growth factor receptor
(EGFR) gene are associated with the therapeutic response
to EGFR tyrosine kinase inhibitors (TKI) in patients with
advanced non-small cell lung cancer (NSCLC). The
response rate to these drugs remains low, however, in
NSCLC patients with wild-type EGFR alleles. Combination
therapies with EGFR-TKIs and cytotoxic agents are
considered a therapeutic option for patients with NSCLC
expressing wild-type EGFR. We investigated the antipro-
liferative effect of the combination of the oral fluorouracit
S-1 and the EGFR-TKI gefitinib in NSCLC cells of differing
EGFR status. The combination of 5-fluorouracit and
gefitinib showed a synergistic antiproliferative effect in
vitro in all NSCLC cell lines tested. Combination chemo-
therapy with §-1 and gefitinib in vive- also had a
synergistic antitumor effect on NSCLGC xenografts regard-
less of the absence or presence of EGFR mutations.
Gefitinib inhibited the expression of the transcription
factor E2F-1, resulting in the down-regulation of thymidy-
late synthase at the mRNA and protein levels. These
observations suggest that gefitinib-induced down-regula-
tion of thymidylate synthase is responsible, at least in part,
for the synergistic antitumor effect of combined treatment
with §-1 and gefitinib and provide a basis for clinical
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evaluation of combination chemotherapy with S-1 and
EGFR-TKls in patients with solid tumors. [Mol Cancer Ther
2008;7(3):1-8]

introduction

Targeted therapy in the treatment of cancer has made
substantial progress over the last few years. The ErbB
family of receptor tyrosine kinases includes the epidermal
growth factor receptor (EGFR; ErbB1), ErbB2 (HER2/nen),
ErbB3, and ErbB4 and is important for normal development
as a result of its roles in cell proliferation and differenti-
ation (1-3). Aberrant expression of EGFR has been detected
in a wide range of human epithelial malignancies,
including non-small cell lung cancer (NSCLC), and is
correlated with poor prognosis and reduced survival time
(4, 5). Agents that specifically target EGFR are therefore
under development as anticancer drugs. Indeed, two
inhibitors of the tyrosine kinase activity of EGFR (EGFR-
TKI), gefitinib and erlotinib, both of which compete with
ATP for binding to the catalytic pocket of the receptor, have
been extensively studied in individuals with NSCLC (6-9).
Somatic mutations in the region of EGFR that encodes the
tyrosine kinase domain have been associated with tumor
responsiveness to EGPR-TKls in a subset of NSCLC
patients (10-17). In contrast, achievement of a clinical
benefit of these drugs in NSCLC patients who express wild-
type EGFR has been problematic.

§-1 (Taiho Pharmaceutical) is an oral anticancer agent
composed of tegafur, 5-chloro-2,4-dihydroxypyridine
(CDHP), and potassium oxonate in a molar ratio of 1:0.4:1
(18). Tegafur is a prodrug that generates 5-fluorouracil (5-
FU) in blood largely as a result of its metabolism by
cytochrome P450 in the liver. CDHP increases the plasma
concentration of 5-FU through competitive inhibition of
dihydropyrimidine dehydrogenase (DPD), which catalyzes
5-FU catabolism (19). Oxonate reduces the gastrointestinal
toxicity of 5-FU (20). A response rate of 22% and a median
survival time of 10.2 months were obtained in a clinical trial
of S-1 in patients with advanced NSCLC not subjected
previously to chemotherapy (21). Few severe gastrointes-
tinal or hematologic adverse events were reported. More-
over, a phase II trial of -1 plus cisplatin in NSCLC patients
revealed a 47% response rate and an acceptable safety
profile (22).

Based on this background, we examined the anticancer
effect of the combination of 5-1 and gefitinib in NSCLC cell
lines of differing EGFR status. We found that the
combination of S-1 {or 5-FU) and gefitinib exhibited a
marked and synergistic antiproliferative effect both in vivo
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tnhibition of NSCLC cell growth by the combination of 5-FU and gefitinib in vitro. Cells with wild-type (H460, Ma-53, Ma-45, Ma-31, and

Ma-25) or mutant {Ma-1) EGFR alleles were exposed for 72 h to 5-FU and gefitinib at the indicated concentrations, after which celf viability was measured
with a colerimetric assay. The observed excess inhibition (%) relative to that predicted by the Bliss additivism modet is shown color-caded in a drug

concentration mattix for each cell line. Yellow, orange, pink, and red,
experiment.

and in vitro in cells regardless of the absence or presence of
EGFR mutations. Furthermore, we assessed the effects of
gefitinib on the expression of enzymes that function in 5-FU
metabolism, including thymidylate synthase (TS), DPD,
and orotate phosphoribosyltransferase (OPRT), to gain
insight into the mechanism underlying the synergistic
effect of combination therapy with 5-1 and gefitinib.

Materials and Methods

Cell Lines and Reagents

The human NSCLC cell lines NCI-H460 (H460), Ma-1,
Ma-25, Ma-31, Ma-45, and Ma-53 were obtained as
described previously (23). MiaPaca-2 cells were obtained
from Japan Health Sciences Foundation. These cell lines
were cultured under a humidified atmosphere of 5% CO, at
37°C in RPMI 1640 (Sigma) supplemented with 10% fetal
bovine serum. Gefitinib was provided by AstraZeneca. 5-1
and CDHP were provided by Taiho Phatmaceutical, 5-FU
was obtained from Wako.

Growth Inhibition Assay In vitro

Cells (2.0 x 10% were plated in 96-well flat-bottomed
plates and cultured for 24 h before the addition of various
concentrations of 5-FU and gefitinib and incubation for an
additional 72 h. Cell Counting Kit-8 solution {Dojindo) was
then added to each well, and the cells were incubated for
3 h at 37°C before measurement of absorbance at 450 nm.
Absorbance values were expressed as a percentage of that
for untreated cells, and the concentration of 5-FU or
gefitinib resulting in 50% growth inhibition (ICs0) was

synergy; light and dark blue, antagonism. Mean of triplicates from a representative

calculated. The effect of combining 5-FU and gefitinib was
classified as additive, synergistic, or antagonistic with the
Bliss additivism model (24-26). A theoretical curve was
calculated for combined inhibition with the equation: Eyj;4,
= Ep + Ep - (Ea x Eg), where E 5 and Eg are the fractional
inhibitory effects of drug A alone and drug B alone at
specific concentrations. Epj is then the fractional inhibi-
tion that would be expected if the effect of the combination
of the two drugs was exactly additive. In this study, the
Bliss variable is expressed as percentage decrease in cell
growth above what would be expected for the combination.
Bliss = 0 indicates that the effect of the combination is
additive; Bliss > 0 is indicative of synergy; and Bliss < 0
indicates antagonism.

Animals

Male athymic nude mice were exposed to a 12-h light,
12-h dark cycle and provided with food and water ad
libitwn in a barrier facility. All experiments were done in
compliance with the regulations of the Animal Experimen-
tation Committee of Taiho Pharmaceutical.

Growth Inhibition Assay In vivo

Cubic fragments of tumor tissue (~2 % 2 X 2 mm) were
implanted s.. into the axilla of 5- to 6-week-old male
athymic nude mice. Treatment was initiated when tumors
in each group achieved an average volume of 100 to 150
mun®. Treatment groups consisted of control, S-1 alone,
gefitinib alone, and the combination of S-1 and gefitinib.
Each treatment group contained seven mice. S-1 (10 mg/kg
body mass) and gefitinib (50 or 3 mg/kg) were adminis-
tered by oral gavage once a day for 14 days; control animals
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received 0.5% (w/v) hydroxypropylmethylcellulose as
vehicle. Tumor volume was determined from caliper
measurements of tumor length (L) and width (W) accord-
ing to the formula LW? / 2. Both tumor size and body
weight were measured two or three imes per week.

immunoblot Analysis

Cell lysates were fractionated by SDS-PAGE on 12% gels
(NuPAGE Bis-Tris Gels; Invitrogen), and the separated
proteins were transferred to a nitrocellulose membrane.
After blocking of nonspecific sites with 5% skim milk, the
membrane was incubated overnight at room temperature
with primary antibodies. Antibodies to DPD, OPRT, and TS
were obtained from Taiho Pharmaceutical; those to E2F-1
were from Santa Cruz Biotechnology; and those to {3-actin
(loading control) were from Sigma. Immune complexes
were detected by incubation of the membrane for 1 h at
room temperature with horseradish peroxidase-conjugat-
ed goat antibodies to mouse or rabbit immunoglobulin and
by subsequent exposure to enhanced chemiluminescence
reagents (Pierce).

Immunoprecipitation Analysis

Immunoprecipitation of EGFR was done according to
standard procedures. Whole-cell lysates (800 pg protein)
were incubated overnight at 4°C with antibodies to EGFR
(Santa Cruz Biotechnology), after which Protein G Plus/
Protein A-Agarose Suspension (Calbiochem) was added
and the mixtures were incubated for an additional 1 h at
4°C. Immunoprecipitates were isolated, washed, resolved
by SDS-PAGE on a 7.5% gel (Bio-Rad), and subjected to
immunoblot analysis with antibodies to phosphotyrosine
(PY20) and EGFR (Zymed).

Molecular Cancer Therapeutics 3

Reverse Transcription and Real-time PCR Analysis

Total RNA (1 ug) extracted from cells with the use of an
RNeasy Mini Kit (Qiagen) was subjected to reverse
transcription with the use of a SuperScript Preamplification
System (Invitrogen Life Technologies). The resulting cDNA
was then subjected to real-time PCR analysis with the use
of a TagMan PCR Reagent Kit and a Gene Amp 5700
Sequence Detection System (Applied Biosystems). The
forward and reverse primers and TagMan probe for TS
c¢DNA were 5-GCCTCGGTGTGCCTTTCA-3 and 5-
CCCGTGATGTGCGCAAT-3 and 6-FAM-5-TCGCCAGC-
TACGCCCTGCTCA-3-TAMRA, respectively. Glyceralde-
hyde-3-phosphate dehydrogenase mRNA were used as an
internal standard.

Statistical Analysis

Data are presented as mean + SE and were analyzed by
the Aspin-Welch # test. P < 0.05 was considered statistically
significant.

Results

Effect of the Combination of 5-FU and Gefitinib on
NSCLC Cell Growth In vitro

Tegafur, which is a component of 5-1, is metabolized to
5-FU in the liver and exerts antitumor effects. We first
examined the antiproliferative activity of the combination
of 5-FU and gefitinib in six NSCLC cell lines. Five of the cell
lines (H460, Ma-53, Ma-45, Ma-31, and Ma-25) possess
wild-type EGFR alleles, whereas Ma-1 cells harbor an
EGFR mutation (E746_A750del) that is associated with a
high response rate to the EGFR-TKIs gefitinib and erotinib
in individuals with advanced NSCLC. We assessed
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Figure 2.  Antitumor activity of the combination of S-1 and gefitinib in vivo. A and B, nude mice with tumor xenografts established by s.c. implantation
of NSCLC cells {H460 and Ma-53) possessing wild-type EGFR were treated daily for 2 wk with vehicle {control), S-1 {10 mg/kag), gefitinib (60 mafkg), or
both drugs by oral gavage. C, nude mice with tumor xenografts derived from NSCLC cells {Ma-1] expressing mutant EGFR were treated daily for 2 weeks
with vehicle (control), -1 {10 mg/kg), gefitinib (3 mgrkg), or both drugs by oral gavage. Tumor volume in all animats was determined at the indicated times
after the onset of treatment. Mean + SE of values from seven mice per group. *. P < 0.05 versus control; **, P < 0,05 versus S-1 or gefitinib alone for

values 15 d after treatment onset {Aspin-Welch ¢ test).
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Figure 3. Lack of effect of 5-FU and CDHP on EGFR phosphorylstion in
NSCLC celi lines. NSCLC cells (H460, Ma-53, and Ma-1) ware incubated
for 24 h in medium supplemented with 2% fetal bavine serum and with
5-FU {10 pmol/l}, COHP {3 pmol/L), or gefitinib {5 gmol/L}. Cell lysates
werg then prepared and subjected to immunoprecipitation {/P} with
antibodies to EGFR, and the resulting precipitates were subjected to
immunoblot analysis with antibodies to phasphotyrosine {for detection of
phosphorylated EGFR) and with antibadies to EGFR. The intensity of the
phosphorylated EGFR band reiative to that of the EGFR band was
determined by densiteometry and is expressed as a percentage helow each
lane.

whether 5-FU and gefitinib showed additivity, synergy, or
antagonism based on the Bliss additivism model (24-26).
We chose this model rather than isobologram or combina-
tion index analysis because it would allow us to evaluate
the nature of drug interactions even in instances in which
the maximal inhibition by 5-FU or gefitinib alone was too
low to obtain a reliable ICsq value. The six test concen-
trations for each agent were chosen after first determining
the corresponding 1Csq values. The ICgq values for 5-FU
chemosensitivity were not associated with EGFR status and
ranged from 7 to 11 pmol/L. The effect of combined
treatment with 5-FU and gefitinib on the proliferation of the
six NSCLC cell lines was tested in triplicate in a 6 x 6

concentration matrix. Calculation of the percentage inhibi-
tion in excess of that predicted by the Bliss additivism
model revealed synergistic effects of Bliss > 0 for 5-FU and
gefitinib in all of the six cell lines tested (Fig. 1). These
results suggested that 5-FU and gefitinib act synergistically
to inhibit cell growth in NSCLC cells.

Effect of Combined Treatment with S-1 and Gefitinib
on NSCLC Cell Growth In vivo

We therefore next investigated whether combined
treatment with 5-1 and gefitinib might also exert a
synergistic effect on NSCLC cell growth in vivo. Doses
of both agents were selected so that their independent
effects on tumor growth would be moderate. Nude mice
were implanted s.c. with H460, Ma-53, or Ma-1 tumor
fragments to establish tumor xenografts. When the H460
or Ma-53 tumors, which harbor wild-type EGFR, became
palpable (100-150 mm3), the mice were divided into four
groups for daily treatment with vehicle, 5-1 (10 mg/kg),
gefitinib (50 mg/kg), or both drugs by oral gavage over 2
weeks. For xenografts formed by H460 or Ma-53 cells,
combination therapy with S-1 and gefitinib resulted in a
significant reduction in tumor size compared with that
apparent in animals treated with S-1 or gefitinib alone
(Fig. 24 and B). Mice bearing Ma-1 tumors, which express
mutant EGFR, were treated with vehicle, 5-1 (10 mg/kg),
gefitinib (3 mg/kg), or both agents daily over 2 weeks.
Combination treatment with S-1 and gefitinib significantly
inhibited the growth of Ma-1 xenografts relative to that
apparent in mice treated with either agent alone (Fig. 2C).
None of the drug treatments induced a weight loss of
>20% during the 2-week period, and no signs of overt
drug toxicity were apparent (data not shown). These
results thus suggested that combination chemotherapy
with 5-1 and gefitinib in vive had a synergistic antitumor
effect on NSCLC xenografts regardless of the absence or
presence of EGFR mutations, consistent with our results
in witro.

Effects of 5-FU and CDHP on EGFR Phosphorylation
in NSCLC Cell Lines

To investigate the mechanism responsible for the
observed interaction between S-1 and gefitinib, we exam-
ined the effect of 5-FU on EGFR signal transduction in
NSCLC cells expressing wild-type (H460 and Ma-33) or
mutant (Ma-1) EGFR. Immunoprecipitation analysis
revealed that exposure of H460 or Ma-53 cells to 5-FU (10
umol/L) for 24 h had no effect on the basal level of EGFR
phosphorylation (Fig. 3). We have shown previously that
EGER is constitutively phosphorylated in Ma-1 cells
maintained in serum-free naedium (23). Exposure of Ma-1
cells to 5-FU for 24 h did not affect this constitutive level of
EGFR phosphorylation (Fig. 3). We next examined the
effects of both CDHP, which is a component of §-1, and the
combination of CDHP and 5-FU on EGFR phosphorylation
in H460, Ma-53, and Ma-1 cells. Neither COHP alone nor
the combination of CDHP and 5-FU affected the level
of EGFR phosphorylation in any of these three cell lines
(Fig. 3). These results thus indicated that 5-FU and CDHP
have no effect on EGFR signal transduction.
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Effects of Gefitinib on the Expression of DPD, OPRT,
and TS in NSCLC Cell Lines
We next investigated whether gefitinib might affect the

expression of DPD, OPRT, or TS, enzymes that are major

determinants of the sensitivity of cells to 5-FU. We first
examined the abundance of these enzymes in the NSCLC
cell lines H460, Ma-53, and Ma-1 by immuncblot analysis.
The expression of DPD was detected in MiaPaca-2 cells
(positive control) but not in H460, Ma-53, or Ma-1 cells
" (Fig. 4A4). In contrast, OPRT and TS were detected in all
three NSCLC cell lines and their abundance did not appear
related to EGFR status (Fig. 44). Treatment of H460, Ma-53,
or Ma-1 cells with gefitinib (5 pmol/L) for up to 48
h resulted in a time-dependent decrease in the amount of
TS, whereas that of OPRT or DPD remained unaffected
(Fig. 4B). A reduced level of TS expression in tumors has
been associated previously with a higher response rate to 5-
FU-based chemotherapy (27, 28). Our data thus suggested
that the suppression of TS expression by gefitinib might
increase the sensitivity of NSCLC cells to 5-FU.

The transcription factor E2F-1 regulates expression of the
TS gene (29-31). We therefore examined the possible effect
of gefitinib on E2F-1 expression in NSCLC cell lines.
Incubation of H460, Ma-53, or Ma-1 cells with gefitinib for
up to 48 h also induced a time-dependent decrease in the
amount of E2F-1 ({Fig. 4B), suggesting that this effect might
contribute to the down-regulation of TS expression by
gefitinib in these cell lines.

Effect of Gefitinib onTS mRNA Abundance in NSCLC
Cell Lines

The abundance of TS mRNA would be expected to be
decreased if the down-regulation of E2F-1 expression by
gefitinib was responsible for the reduced level of TS. We
determined the amount of TS mRNA in H460, Ma-53, or
Ma-1 cells at various times after exposure to gefitinib with
the use of reverse transcription and real-time PCR analysis.
Gefitinib indeed induced a time-dependent decrease in the

A Mia B ___H460
Paca-2 H460 M2-53 Ma-1

DPD

Time(h) ¢ 12 24 48

orrr 4 G €D 6P
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amount of TS mRNA in all three NSCLC cell lines (Fig. 5),
suggesting that the down-regulation of TS expression by
gefitinib occurs at the transcriptional level and may be due
to suppression of E2F-1 expression.

Discussion

The recent identification of activating somatic mutations of
EGFR in NSCLC and their relevance to prediction of the
therapeutic response to EGFR-TKIs such as gefitinib and
erlotinib have had a major effect on NSCLC treatment (10~
17). The response rate to these drugs remains low, however,
in NSCLC patients with wild-tye EGFR alleles. Combina-
tion therapy with EGFR-TKIs and cytotoxic agents is a
potential alternative strategy for NSCLC expressing wild-
type EGFR. In the present study, we have evaluated the
potential cooperative antiproliferative effect of combined
treatment with the EGFR-TKI gefitinib and the new oral
fluorouracit S-1 in NSCLC cell lines of differing EGFR
status. We found that S-1 (or 5-FU) and gefitinib exert a
synergistic antiproliferative effect on NSCLC cells both in
vivo and in vitro regardless of the absence or presence of
EGFR mutation. We chose a gefitinib dose of 50 mg/kg for
treatment of mice bearing H460 or Ma-53 tumors. The
median effective dose of gefitinib was shown previously to
be ~50 mg/kg in athymic nude mice bearing A431 celi-
derived xenografts (32). A gefitinib dose of 50 mg/kg has
therefore subsequently been widely used in tumor xeno-
graft studies (33-36). The U.S. Food and Drug Adminis-
tration recommends that drug doses in animals be
converted to those in humans based on body surface area
(37). According to this guideline, a gefitinib dose of 50 mg/
kg in mouse xenograft models is approximately equivalent
to the therapeutic dose (250 mg/d) of the drug in humans.
In addition, the tumor concentrations of gefitinib in NSCLC
xenografts of mice treated with this drug (50 mg/kg)
ranged from 9.7 to 13.3 pg/g, values that were similar to the

Ma-53 Ma-1
Timethy 0 12 24 48  Time(h) 0 12 24 48
pPD - - DPD ‘ A
OPRT il orrr ¢iif {4 § &

TS

TS *

Actin e e titds e

Figure 4. Effects of gefitinib on the expression of E2F-1, DPD, OPRT, and TS in NSCLC cell lines. A, tysates of H460, Ma-53, or Ma-1 cells were
subjected to immunablot analysis with antibodies to DPD, OPRT, TS, or $-actin {loading control}). MiaPaca-2 cells were also examined as a positive controt
for DPD expression. B, NSCLT celis were incubated with gefitinib {5 ymoiiL) for the indicated times in medium containing 10% serum, after which cell
lysates were subjected to immunoblot analysis as in A, with the addition that E2F-1 expression was also examinad.
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Figure 5, Down-regulation of TS mRNA by gefitinib in NSCLC cell lines. H460, Ma-53, or Ma-1 cells were incubated with gefitinib (5 pmol/L) for the
indicated times in medium containing 10% serum, after which totat RNA was extracted from the cells and subjected to reverse transcription and reat-time
PCR analysis of TS mRNA. The amount of TS mRNA was normalized by that of glyceraldehyde-3-phosphate dehydrogenase mRNA. Mean + SE of values

from three separate experiments.

achievable concentrations of gefitinib in tumor tissues of
treated humans (34). These observations suggest that a
gefitinib dose of 50 mg/kg in mouse xenograft models is
appropriate for mimicking the therapeutic dose in humans.

EGFR-TKIs have been shown previously to act synergis-
tically with radiation or cytotoxic agents such as cisplatin,
paclitaxel, and irinotecan (38-40). These cytotoxic agents
~and radiation have been shown to increase the phosphor-
ylation level of EGFR, possibly reflecting the activation of
prosurvival signaling, and this effect is blocked by EGFR-
TKIs, resulting in the synergistic antitumor effects of the
combination therapies. Such a synergistic effect of 5-FU and
gefitinib was attributed to 5-FU-induced EGFR phosphor-
ylation in colorectal cancer cells (41). In contrast, we found
that 5-FU had no effect on the level of EGFR phosphory-
lation in NSCLC cell lines. Further examination of different
concentrations of 5-FU and different exposure times also
failed to reveal an effect of 5-FU on EGFR phosphorylation
in these cells (data not shown). These findings indicate that
NSCLC cell lines respond differently to 5-FU than do
colorectal cancer cells and that the synergistic antiprolifer-
ative effect of 5-FU and gefitinib in NSCLC cells is not
" mediated at the level of EGFR phosphorylation.

Our results indicate that the synergistic interaction of
5-FU (or 5-1) and gefitinib is attributable, at least in part, to
down-regulation of TS expression by gefitinib. The active
metabolite of 5-FU, FAUMP, forms a covalent ternary
complex with 5,10-methylenetetrahydrofolate and TS,
resulting in inhibition of DNA synthesis (42). TS is thus
an important therapeutic target of 5-FU. The amount of TS
in neoplastic cells has been found to increase after exposure
to 5-FU, resulting in the maintenance of free enzyme in
excess of that bound to 5-FU (43-47). Such an increase in
TS expression and activity has been viewed as a mecha-
nistic driver of 5-FU resistance in cancer cells (48-50). The
development of a new therapeutic strategy that reduces TS
expression would therefore be of interest. Indeed, preclin-
ical studies have shown that the down-regulation of TS by
antisense oligonucleotides or other means enhances the

efficacy of 5-FU (51-54). Down-regulation of TS would be
expected to enhance the cytotoxicity of 5-FU as a result of
the decrease in the amount of its protein target (55).
Consistent with these preclinical data, an inverse relation
between TS expression and 5-FU sensitivity has been
shown in various human solid tumors (27, 28, 56~60). We
have now shown that gefitinib alone induced down-
regulation of TS expression, suggesting that this effect of
gefitinib contributes to its synergistic interaction with 5-FU
(or 5-1) in NSCLC cell lines.

We further explored the molecular mechanism by which
gefitinib induces down-regulation:of TS expression in
NSCLC cells. Given that EGFR signal transduction has
been shown to be involved in activity of E2F-1 that
regulates the expression of several genes including TS
(61, 62), which controls the expression of several genes
including that for TS, we examined the possible effects of
gefitinib on E2F-1 expression and on the abundance of TS
mRNA. Gefitinib induced down-regulation of E2F-1 in
NSCLC cell lines harboring wild-type EGFR, consistent
with previous observations {63), as well as in those
expressing mutant EGFR. In addition, gefitinib reduced
the amount of TS mRNA in NSCLC cells, consistent with
the notion that the suppression of TS expression by
gefitinib is attributable to inhibition of gene transcription
as a result of down-regulation of E2F-1. For our experi-
ments examining the effects of gefitinib on TS and E2F-1
expression, we used a drug concentration of 5 pmol/L. The
concentration of gefitinib in tumor xenografts was shown
previously to be 5 to 14 times that in the plasma
concentration of the mouse hosts (34). Daily oral adminis-
tration of gefitinib (250 mg) in patients also gave rise to a
drug concentration in tumor tissue that was substantially
higher (mean, 42-fold} than that in plasma concentration
(34). We showed previously that the maximal concentration
of gefitinib in the plasma of patients with advanced solid
tumors had a mean value of 0.76 pmol/L at a daily dose of
225 mg (64). Based on these data, we considered that a
gefitinib concentration of 5 pmol/L was appropriate for out
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analyses of TS and E2F-1 expression. Together, our present
findings suggest that down-regulation of E2F-1 and
consequently that of TS by gefitinib is responsible, at least
in part, for the synergistic antitumor effect of combined
treatment with S-1 and gefitinib.

Somatic mutations of EGFR have been associated with
sensitivity to EGFR-TKIs in patients with advanced NSCLC
(13~16). However, although mast NSCLCs with EGFR
mutations initiaily respond to EGFR-TKISs, the vast majority
of these tumors uitimately develop resistance to the drug.
In the present study, the synergistic effect of combination
chemotherapy with S-1 and gefitinib was observed even in
EGFR mutant cells. Our findings thus suggest that the
addition of S-1 (or 5-FU) to EGFR-TKIs might overcome
chemoresistance to EGFR-TKIs and that exploration of the
effect of such combination therapy in cells resistant to
EGFR-TKIs is warranted. EGFR mutations appear to be
largely limited to lung cancer, with few such mutations
having been detected in other types of cancer (65—-67). 5-FU
is widely used as an anticancer agent and is considered a
key drug in chemotherapy for solid tumors such as
gastrointestinal and cervical cancer (68-70). Our present
results show that gefitinib suppressed the expression of TS
in NSCLC cell lines regardiess of the absence or presence of
EGFR mutations, puggesting that the addition of EGFR-
TKIs to a 5-FU-containing regimen might increase the
effectiveness of such treatment for solid cancers without
EGFR mutations. Oral combined chematherapy with
drugs, such as 5-1 and gefitinib, may also prove to be of
low toxicity and therefore maintain quality of tife. Our
preclinical results provide a basis for future clinical
investigations of combination chemotherapy with 5-1 and
EGFR-TKIs in patients with solid tumors.
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Abstract To evaluate the epidermal growth factor recep-
tor (EGFR) protein expression, gene mutations and amplifi-
cation as predictors of clinical ontcome, in patients with
non-small-cell lung cancer (NSCLC) receiving gefitinib,
we have performed fluorescence in situ hybridization
(FISH) and immunohistochemistry (IHC). We investigated
the EGFR amplification and EGFR protein expression sta-
tuses in 27 surgically treated non-small-cell lung cancer
(NSCLC) cases. These patients experienced relapse after
surgery and received gefitinib 250 mg/day. The presence or
absence of EGFR mutations of kinase domains was ana-
lyzed by genotyping analysis and sequences, and already
reported. EGFR mutations were found from 15/27 lung
cancer patients. EGFR mutation status was significantly
correlated with better prognosis (log-rank test P = 0.0023).
Smoking status (never smoker vs. smoker, P = 0.0032), and
pathological subtypes (adenocarcinoma vs. non-adenocar-
cinoma, P=00011), but not EGFR amplification
(P = 0.1278), were correlated with survival of lung cancers.
EGFR THC results were comrelated with FISH results
(P=0.0125), but not correlated with prognosis
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(P =0.7921). Thus, the EGFR gene amplification or protein
expression is not a predictor of gefitinib efficacy in Japa-
nese patients with NSCLC. We have also evaluated the
EGFR mutation status and clinico-pathological features for
27 NSCLC patients who had undergone surgery followed
by treatment with gefitinib at the National Hospital Organi-
zation, Kinki-chuo Chest Medical Center. The EGFR muta-
tion status, especially exonl9 mutation was correlated with
good response to gefitinib than exon 21 point mutation.

Keywords EGFR - Lung cancer - Mutations -
Amplification - Exon19

Introduction

Lung cancer is a major cause of death from malignant
diseases, due to its high incidence, malignant behavior
and lack of major advancements in treatment strategy
(Ginsberg et al. 1993). There are much accumulated evi-
dences that epidermal growth factor receptor (EGFR) and
its family member are strongly implicated in the develop-
ment and progression of numerous human tumors, includ-
ing lung cancer (Nicolson et al. 2001; Onn et al. 2004).
The EGFR tyrosine kinase inhibitor, gefitinib, was
approved in Japan for the treatment of non-small-cell
lung cancer (NSCLC) since 2002. Phase II and III trials
have shown partial responses in 8-12% of unselected
patients with progressive NSCLC after chemotherapy
(Kris et al. 2003; Thatcher et al. 2005), especially higher
response in never smokers, females and Asian ethnicity
(more than 20%) (Fukuoka etal. 2003; Miller et al.
2004). Two original reports showed that EGFR mutations
status at ATP binding pockets in NSCLC patients was
correlated with the clinico-pathological features related
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to good response to gefitinib (Paez et al. 2004; Lynch
et al. 2004). These EGFR mutations were predominantly
found in Japanese lung cancer patients (about 25-40%)
(Paez et al. 2004; Kosaka et al. 2004; Shigematsu et al.
2005; Tokumo et al. 2005; Endo et al. 2005) when com-
pared to USA patients (about 8-10%) (Paez et al. 2004;
Lynch etal. 2004; Shigematsu etal. 2005; Pao etal.
2004) or Buropean patients (Shigematsu etal. 2005;
Marchetti et al. 2005). Actually, EGFR mutations in lung
cancer have been correlated with clinical response to gefi-
tinib therapy (Paez et al. 2004; Lynch et al. 2004; Pao
et al. 2004; Mitsudomi et al. 2005). On the other hands,
Cappuzzo et al. (2005) reported that EGFR amplification
by fluorescence in situ hybridization (FISH) and high
EGFR protein expression has been associated with
responsiveness to gefitinib. Takano et al. (2005) showed
that both EGFR gene mutation and increased copy num-
bers predicted gefitinib sensitivity in patients with recur-
rent NSCLC. However, this Japanese report is based on
polymerase chain reaction (PCR) assay.

To determine the EGFR amplification and EGFR muta-
tion statuses and correlation with clinico-pathological fea-
tures in Japanese gefitinib-treated lung carcinoma, we
retrospectively performed FISH and immunohistochemis-
try. The findings were compared 10 the clinico-pathologic
features of lung cancer.

Materials and methods
Patients and samples

This was a retrospective study and the study group
included 27 lung cancer patients who were treated with
gefitinib for their recurrent diseases after they had under-
gone surgery at the Department of Surgery II, Nagoya City
University Medical School. Written informed consent was
obtained and the institutional ethics committee of the
Nagoya City University Medical School approved the
study. We have also investigated EGFR mutation status
for 27 NSCLC patients who were treated with gefitinib for
their recurrent diseases after they had undergone surgery
at the National Hospital Organization, Kinki-chuo Chest
Medical Center (Endo et al. 2005). The lung tumors were
classified according to the general rule for clinical and
pathological record of lung cancer in Japan. All tumor
samples were immediately frozen and stored ai —80°C
until assayed. The clinical and pathological characteristics
of the 27 lung cancer patients are as follows; 14 (67.7%)
were male and 13 were female. Twenty-two (63%) were
diagnosed as adenocarcinoma, and five were diagnosed as
other types of carcinoma. Fourteen (52%) were never
smokers and 13 were smokers.
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PCR assays for EGFR and K-ras mutations

Genomic DNA was extracted using Wizard SV Genomic
DNA purification Systems (Promega) according to the
manufacturers’ instructions. The primers and TagMan
MGB probe were designed with Primer Express 2.0 soft-
ware (Applied Biosystems). The sequences of 13 allele-
specific probes and primer sets used in the TagMan PCR
assay are already shown (Endo et al. 2005). The results
of TagMan PCR assays were already reported (Endo
etal. 2005). K-ras codon 12/13 mutation status was
investigated by direct sequencing using the primers
reported by Krypuy etal. (2006). Total RNA was
extracted from the lung cancer tissues using Isogen kit
(Nippon gene, Tokyo, Japan) according to the manufac-
turers’ instructions. RNA (1 pg) was reverse transcribed
by Superscript II enzyme (Gibco BRL, Gaithersburg,
MD, USA) with 0.5 pg oligo (dT),,_16 (Amersham Phar-
macia Biotech Inc. Piscataway, NJ, USA). The direct
sequencing for EGFR genes was performed from geno-
mic DNA (Paez etal. 2004) or cDNA (Sasaki etal.
2006). Some cases were genotyped using LightCycler
(Sasaki et al. 2005) and confirmed.

FISH analysis

Tumor specimens were obtained at surgical operation and
embedded in paraffin. Serial sections (6 pm) containing
representative malignant cell were stained with hematoxy-
lin and eosin. Gene copy number per cell was investigated
by FISH using the LSI EGFR SpectrumOrange/CEP 7
SpectrumGreen probe (Vysis, Abbott laboratories, IL,
USA) according to a published protocol (Hirsch etal.
2003). Sections were incubated at 56°C overnight, depa-
raffinized and dehydrated. After incubation in 2x saline
sodium citrate buffer (2x SSC; pH 7.0) at 75°C for 15~
25 min, sections were digested with protein K (0.25 mg/ml
in 2x SSC; pH 7.0) at 37°C for 15-25 min, rinsed in 2x
S8C at room temperature for S min, and dehydrated using
ethanol in a series of increasing concentrations. The
EGFR/CEP 7 probe set was applied per the manufacture’s
instructions onto the selected area based on the presence of
tumor foci on each slide. The slides were incubated at
80°C for 8-10 min for codenaturation of chromosomal and
probe DNA and then placed in a humidified chamber at
37°C for 20-24 h to allow hybridization to occur. Post
hybridization washes were performed in 1.5 M urea and
0.1x SSC at 45°C for 30 min and in 2x SSC for 2 min at
room temperature. Pathologist who was blinded to the
patients’ clinical characteristics and all other molecular
variables performed FISH analysis independently. Patients
were classified according to the Cappuzzo et al. (2005) cri-
teria with ascending number of copies of the EGFR gene
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