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survival and age (P<0.0001), sex (P=0.0002), and performance status (PS)
(P<0.0001). Disease-specific survival was associated with age (P=0.0063), sex
{0.00161), and PS (P=0.0029). In males, disease-specific survival was associated with
age (P=0.0120), PS (P=0.0022), and pack-years (number of cigarette packs per day,
and years of smoking) (P=0.0463). These results indicate that smoking history {pack-
years) is important clinical prognostic factor in estimating disease-specific survival,
in male patients with stage IA primary NSCLC that has been surgically resected.

© 2005 Elsevier Ireland Ltd. Al rights reserved.

1. Introduction

The worldwide incidence and mortality from lung
cancer have increased rapidly in recent decades
[1]. Non-small-cell lung cancer (NSCLC) constitutes
approximately 85% of all lung cancers [2]. Even
after 30 years of improvements in therapeutic
approaches, the 5-year mortality rate of all lung
cancer remains an alarmingly high 85% [3]. The 5-
year survival rate, even in the optimum surgical
stage |A (TINOMO), is 67% [4]. These poor survival
rates are due primarily to recurrences [5] and sec-
ond lung cancers [6].

The prognosis of lung cancer patients with sur-
gically resected NSCLC can be predicted generally
from age, sex, histologic type, stage at diagnosis,
and additional treatment [4,7].

The impact of smoking history on survival is con-
troversial. Nine studies have reported that smoking
history is a negative prognostic factor in lung can-
cer [8—16]; whereas, others studies did not find an
association [7,17-20].

Recently, Fujisawa et al. have reported that pre-
operative smoking history is an important clinical
postoperative prognostic factor in estimating over-
all long-term survival in patients with primary re-
sected stage | NSCLC [14].

The aim of this study was to evaluate the effect
of smoking history on survival in patients with pri-
mary resected stage 1A NSCLC.

2. Patients and methods
2.1. Patients

A Central registry for all lung cancer patients has
been established in which 33,161 cases have been
registered at 36 national hospitals that belong to
the Japan National Chest Hospital Study Group for
Lung Cancer from 1982 to 1997. We used the central
registry data of surgical patients with NSCLC who
had been newly diagnosed and undergone surgery.
The study group comprised 3217 patients who un-
derwent complete resection and were pathologi-

cally confirmed stage IANSCLC. Ninety-one patients
who were lack of smoking history or follow-up in-
terval were excluded from survival analysis. In or-
der to focus on long-term survival, 44 patients (11
with squamous cell carcinoma, 32 with adenocarci-
noma, and 1 with large cell carcinoma; a total of 25
men and 19 women) who died within 1 month after
surgery were excluded from the survival analyses
[21]. Finally, 3082 patients were analyzed for sur-
vival analysis. The cancer histologic types included
840 squamous cell carcinomas, 2161 adenocarci-
nomas, and 81 large cell carcinomas. The patient
group consisted of 1221 women and 1861 men who
ranged in age from 22 to 89 years {mean age, 64.4
years). Histologic type and TNM classification were
classified according to the criteria of World Health
Organization. Performance status (PS) was classi-
fied according to the criteria of Eastern Cooper-
ative Oncology group (ECOG). The data on smok-
ing history (pack-years, number of packs per day,
and years of smoking) were obtained from hospital
records. Cause of death was reported by the doc-
tor who followed the patient. At the last follow-up,
for overall survival curves, an observation was cen-
sored if the patient was alive; for disease-specific
curves, data were censored if the patient was alive
or had died from a cause other than NSCLC.

2.2. Survival rate and statistical analysis

Overall survival was defined as the time between
surgery and death or last follow-up evaluation.
Disease-specific survival was defined as the time
between surgery and cancer death or last follow-
up evaluation.

Bivariate analysis was performed with Fisher’s
exact test. The difference in age between the
two groups was analyzed with the Student’s t-test.
Overall survival and disease-specific survival were
calculated with the Kaplan—Meier method, and the
difference between survival curves was analyzed
with the log-rank test. Variables in this study consist
of age, sex, histologic type, tumor classification,
and cigarette smoking before surgery. Multivariate
analysis was performed with the Cox proportional
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hazards model. All statistical analysis in this study
was performed with StatView statistical software
(StatView version 5.0 for Macintosh; SAS institute
Inc., Cary, NC, USA). Statistical significant P-values
were considered to be less than 0.05.

3. Results

3.1. Association between clinical features
and smoking pack-years

Clinical features, including age, sex, PS, and his-
tology, were evaluated according to smoking pack-
years (Table 1). The heavy smokers group also had
significantly higher population of older age, male
patients, poor PS, and squamous cell carcinomas
than smokers with less than 40 pack-years or non-
smokers.

3.2. Cause of death

Forty-four patients died within 1 month after
surgery (1.4% of 3126 patients). After a median
follow-up of 3.9 years, of 3082 patients used for
survival analysis, 491 patients died from recurrent
or second lung cancer, and 159 patients died from
non-recurrent diseases. Non-recurrent causes con-
sisted of 27 second primary malignancies.

3.3. Overall survival and disease-specific
survival

The overall and disease-specific 5- and 10-year sur-
vival curves are shown in Fig. 1. Fig. 2 demon-
strates the overall survival and disease-specific
survival curves according to cigarette smoking,
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Fig. 1 Overall survival and disease-specific survival
curves in patients with primary, surgically resected stage
1A NSCLC.
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Table 2 Overall survival and disease-specific survival, according to clinical prognostic factors

Clinical feature No. of patients

Overall survival (%)

Disease-specific survival (%)

5years 10vyears P? 5years 10vyears P

Age (years)
<70 2115 77.3 60.6 <0.0001 83.1 70.9 0.0003
>70 961 64.4 363 76.1 60.7

Sex
Male 1861 70.7 47.3 <0.0001 79.2 63.0 <0.0001
Female 1221 78.1 66.7 845 76.7

Histology®
Squamous cell carcinoma 840 69.8 49.8 0.0041 79.8 61.5 0.0831
Nonsquamous cell carcinoma 2242 75.1 56.6 81.8 71.2

Performance status

0 2467 76.8 58.1 <0.0001 823 69.9 <0.0001

>1 595 61.0 11.8 76.5 62.0

Pack-years » _
<40 1928 76.5 60.5 <0.0001 83.4 73.6 <0.0001

i >40 1154 . 69.0

457 77.8 60.3

a Pp.value for the log-rank test.

b Nonsquamous cell carcinoma is comprised of adenocarcinoma and large cell carcinoma.

and the 5- and 10-year survival rates between
heavy smokers (pack-years>40) and light smok-
ers (pack-years < 40) are both significantly different
(P<0.0001).

Table 2 shows the overall and disease-specific
5- and 10-year survival rates according to sev-
eral variables. Significant differences in overall
survival were demonstrated with age (P <0.0001),
sex (P<0.0001), histologic type (P=0.0041), PS
{P<0.0001), and pack-years (P <0.0001). But no sig-
nificant difference in disease-specific survival was
found with histologic type (P=0.0831). With regard
to cigarette smoking, the difference between heavy
smokers and light smokers was statistically signif-
icant (P<0.0001) in the both overall survival and
disease-specific survival.

3.4. Multivariate analysis

Multivariate analysis was conducted with the Cox
proportional hazards model with the five vari-
ables. Multivariate analysis demonstrated a signif-
icant association between overall survival and age
(P<0.0001), sex (P=0.0002), and PS (P<0.0001),
but no association was observed with histo-
logic type {(P=0.3807) or pack-years (P=0.1742)
(Table 3).

Next, multivariate analysis for disease-specific
survival was performed with the five variables.
Multivariate analysis demonstrated a significant
association of disease-specific survival with age
(P=0.0063), sex (P=0.0161), and PS (P=0.0029),

and no significant association with histologic type
(P=0.3935) or pack-years (P=0.0741) (Table 4).

We conducted a subgroup analysis for overall sur-
vival and disease-specific survival according to sex.
In a subgroup analysis (Tables 3 and 4), disease-
specific survival demonstrated a significant asso-
ciation with age (P=0.0120), PS (P=0.0022), and
pack-years (P=0.0463), and no significant correla-
tion with histologic type (P=0.1971). Similar trends
were observed for overall survival among males, but
pack-years was not a significant prognostic factor
(P=0.1410). On the other hand, the analyses for
females, a considerably small proportion of heavy
smokers (5.1%) gave an unstable odds ratio estima-
tion (Tables 1, 3 and 4).

4. Discussion

In this study, more than 3000 patients with stage
IA primary NSCLC that has been surgically resected
were analyzed, and we found that older age, poor
PS, male, and smoking history, in male, were sig-
nificant unfavorable prognostic factors. We demon-
strated the significant inverse correlation between
cigarette smoking and long-term disease-specific
survivatl in stage IA NSCLC patients using multivari-
ate analysis. Even if a curative surgery has been
underwent in a very early stage NSCLC, previous
smoking history still was disadvantage.

The impact of smoking history on survival is
still confusing. Earlier studies found no associ-
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ation between smoking history and lung cancer
survival [17,18]; however, these studies did not uti-
lize multivariate analysis. Harpole et al. reported
a multivariate model that quantified the risk of re-
currence and cancer death for patients with stage
I NSCLC, but they demonstrated no significant im-
pact on univariate analysis using smoking history
[7]. Some other studies showed smoking history is
negative prognostic factor [19,20]. However, their
studies included relatively small cases and there-
fore may be insufficient power to detect smoking
effects.

Hinds et al. reported model-predicted survival
curves in women for smokers and never-smokers
after adjustments for age, disease stage at diag-
nosis, and tumor histology [8]. The curves were sig-
nificantly different. But, they did not use the Cox
proportional hazards model and did not have infor-
mation on pretreatment PS. Sobue et al. reported
that current smokers who smoked 50 pack-years or
more showed a 2.38 times higher risk of death than
non-smokers for patients who undergo operations
for adenocarcinoma of the lung [10]. Isobe et al.
reported similar results [11]. In contrast, Sioris et
al. showed that smoking history is one of the prog-
nostic factors in squamous cell carcinoma for over-
all survival but not in adenocarcinoma [13]. Fuji-
sawa et al. provided answer to this conflict. They
employed multivariate analysis and showed smok-
ing history is prognostic factor in evaluating over-
all long-term survival in patients with stage | pri-
mary resected NSCLC [14]. Nevertheless, they did
not show important information on pretreatment
PS. Furthermore, smoking history is not prognos-
tic factor in evaluating disease-specific survival. It
has been said that comorbidity may be one of the
most important prognostic factor [22], as smoking
is strongly associated with numerous serious dis-
ease such as chronic obstructive pulmonary dis-
ease, coronary heart disease, and stroke. To offset
the influence of comorbidities on survival, disease-
specific survival is superior to overall survival. On
the other hand, the large number of patients at
the multicenter gave us considerable confidence in
the reliability of our data on smoking history and
prognosis.

In our study, smoking status was investigated
only at the time of admission to the hospital, and
no information on smoking status was obtained
after the operation. Richardson et al. reported
that patients treated for SCLC who continue to
smoke cigarettes increase their rate of develop-
ing second lung cancers [23]. In Japan, Kawahara
et al. reported the same results [24]. In NSCLC,
Fujisawa et al. reported no significant differences
between postoperative smoking status and out-

come in the population of patients, alive or dead,
due to recurrent disease, second malignancy, or
non-malignant disease [14]. Further study is nec-
essary to determine the prognosis and incidence
of recurrence among patients who continue to
smoke.

Although the mechanisms by which smoking
affects the prognosis of lung cancer patients in-
dependently of other factors are not yet clear,
some recent reports on oncogene suggest the
clinical influence of cigarette smoking. Molecu-
lar changes that have been demonstrated in lung
cancer include the activation of oncogenes such
as ras, myc, bcl-2, and c-erbB-2, and the loss
of tumor suppressor genes such as p53, RB and
p16/NK4e 125_27]. Recently, Vahakangas et al. re-
ported that p53 mutations occur more commonty
in smokers and ex-smokers than in never-smokers
[28]. Furthermore, Tammemagi et al. reported
that p53 alteration and smoking history are neg-
ative prognostic factor [15]. Heavy smokers may
have these molecular changes. These reports sup-
port our data showing poor prognosis in heavy
smokers.

Among patients with resectable tumors, ad-
vanced age is generally described as an unfavorable
prognostic factor, possibly because of higher post-
operative mortality rates [29]. Our findings con-
firmed that age is a prognostic factor in a curative
resection setting. ‘

Gender and smoking history were closely corre-
lated in Japan. In this series, we observed strik-
ing differences in smoking history between men
and women; that is, 82.5% of women were non-
smokers and 88.2% of men were smokers. Further-
more, smokers with more than 40 pack-years made
up only 5.1% of all females and 58.6% of all males.
That is, mean cigarette consumption was signifi-
cantly lower in smoking women than in men. Such
differences in smoking history likely resulted in dif-
ferent clinical presentation, histology, and treat-
ment. It has been reported that the differences
in smoking history may explain the better prog-
nosis in females [8,30]. That is to say, gender is
potential confounding factor in this study. In or-
der to avoid systemic bias, we analyzed subgroup
analyses.

In conclusion, the results of the current study
found a preoperative smoking history to be a signif-
icant predictor of prognosis by univariate and multi-
variate analyses, in males. We showed a significant
correlation between cigarette smoking and long-
term disease-specific survival in stage IA NSCLC
patients in numerous cases. The poor prognosis
makes patients with smoking history an important
population for creating stratification levels in clin-




Smoking and prognosis in stage IA NSCLC

69

ical trials and for the study of chemoprevention or
smoking cessation study.
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EGFR Mutation Status in Japanese Lung Cancer Patients:
Genotyping Analysis Using LightCycler
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Purpose: Recently, somatic mutations of the epidermal growth factor receptor (EGFR).gene
were found in ~25% of Japanese lung cancer patients. These £GFR mutations are reported to
be correlated with clinical response to gefitinib therapy. However, DNA sequencing using the
PCR methods described to date is time-consuming and requires significant quantities of DNA:
thus, this existing approach is not suitable for a routine pretherapeutic screening program.
Experimental Design: We have genotyped £GFR mutation status in Japanese lung cancer
patients, including 102 surgically treated lung cancer cases from Nagoya City University Hospital
and 16 gefitinib-treated lung cancer cases from Kinki-chuo Chest Medical Center. The presence
or absence of three common £GFR mutations were analyzed by real-time quantitative PCR with
mutation-specific sensor and anchor probes.

Results: In exon 21, £EGFR mutations (CTG — CGG; L858R) were found from 8 of 102 patients
from:Nagoya and 1 of 16 from Kinki. We also detected the deletion mutations in exon 19 from 7 of.
102 patients from Nagoya (all were deletion type 1a) and 4 of 16 patients from Kinki (one was type.
1a and three were type 1b). in exon 18, one example of G719S mutation was found from both._
Nagoya and Kinki. The L858R mutation was significantly correlated with gender (women versus”
men, P ¢0.0001), Brinkman index (600 = versus 6005, P = 0. 001), pathologic subtypes (adeno-
carcinoma versus nonadenocarcinoma, P = 0.007), and differentiation status of the lung cancers -
(well versus moderately or poorly, P = 0.0439), whereas the deletion mutants were not. EGFR.
gene status, including the type of EGFR somatic mutation, was correlated with sensitivity to gefi--
tinib therapy. For example, some of our gefitinib-responsive patients had L858R or deletion typela
mutations. On the other hand, one of our gefitinib-resistant patients had a G719S mutation.
Conclusions: Using the nghtCycler PCR assay, the £GFR L858R mutation status mlght corre-
late with gender, pathalogic subtypes, and gefitinib sensitivity of lung cancers. However, further
genotyping studies are needed to confirm the mechanisms of FGFR mutations for the sensmwty

or resistance of gefltlnlb therapy for the lung cancer.

Lung cancer is a major cause of death from malignant diseases
because of its high incidence, malignant behavior, and lack of
major advancements in treatment strategy (1). Lung cancer was
"the leading indication for respiratory surgery (42.2%) in 1998
in Japan (2). More than 15,000 patients underwent surgical
operation at Japanese institutions in 1998 (2). The clinical
behavior of the lung cancer is largely associated with its stage.

Authors’ Affiliations: 'Department of Surgery I}, Nagoya City University Medical
School, Nagoya, Japan and Departments of 2Surgery and 3Internal Medicine,
National Hospital Organization, Kinki-chuo Chest Medical Center, Sakai, Japan
Received 9/16/04; revised 12/4/04; accepted 1/19/05.
Grant support: Grant-in-aid for Cancer Research (16-1) from the Ministry of
Health, Labour and Welfare, and AstraZeneca research grant 2004,
The costs of publication of this article were defrayed in part by the payment of page
charges. This article must therefore be hereby marked advertiserment in accordance
with 18 U.S.C. Section 1734 solely to indicate this fact.
Requests for reprints: Hidefumi Sasaki, Department of Surgery I, Nagoya City
University Medical School, 1 Kawasumi, Mizuho-cho, Mizuho-ku, Nagoya, Aichi
467-8601, Japan. Phone: 81-52-853-8231; Fax: 81-52-853-6440; E-mail:
hisasaki @med.nagoya-cu.ac.jp.

©2005 American Association for Cancer Research.

Clin Cancer Res 2005;11(8) April 15, 2005

2924

The cure of the disease by surgery is only achieved in cases
representing an early stage of lung cancer (3).

The epidermal growth factor receptor (EGFR) tyrosine kinase
inhibitor, gefitinib, has been approved in Japan for the
treatment of non-small cell lung cancer from 2002. Although
EGEFR is more abundantly expressed in lung carcinoma (4, 5),
EGEFR expression, as detected by immunohistochemistry, did
not reveal any obvious relationship with response to gefitinib
(6). Clinical trial have revealed significant variability in the
response to gefitinib, with higher response in Japanese patients
than in predominantly European-derived population {27.5%
versus 10.4%; ref. 7). The partial clinical responses to gefitinib
have been observed most frequently in women, in nonsmokers,
and in patients with adenocarcinoma (8-10). More recently,
we have collaborated with Dana-Farber Cancer Institute and
found that novel EGFR mutations status at ATP binding pockets
in Japanese non-small cell lung cancer patients were correlated
with the dlinicopathologic features related to good response to
gefitinib (11). Actually, EGFR mutations in lung cancer have
been correlated with dlinical response to gefitinib therapy in vivo
and in vitro (11-13).
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The standard for experimental detection of mutations is
direct sequencing of DNA samples from the tissues. For known
mutations, real-time polymerase chain detection followed by
melting curve analysis, using hybridization probes, is highly
sensitive, rapid, and an efficient alternative approach to
mutation detection (14-16).

To determine the EGFR mutation status in Japanese lung
carcinoma for screening and diagnostic purposes, we wanted to
develop a faster and easy method to detect EGFR mutations. In
this report, we investigated EGFR mutation status by the real-
time reverse transcription-PCR assay using LightCycler (17)
mutation-specific sensor and anchor probes. With this method,
32 samples were genotyped within 1 hour without the need of
any post-PCR sample manipulation. The findings were com-
pared with the clinicopathologic features of lung cancer.

Materials and Methods

Patients. The study group included 102 lung cancer patients who
had undergone surgery (but did not receive gefitinib) at the Department
of Surgery 11, Nagoya City University Medical School, between 1997
and 2000. The study group also included 16 lung cancer patients who
had undergone surgery at the Department of Surgery, National Hospital
Organization, Kinki-chuo Chest Medical Center, and were subsequently
treated with gefitinib. These 16 samples were sequenced by ABI prism
3100 analyzer (Applied Biosystems Japan, Ltd., Tokyo, Japan; data not
shown) and analyzed by ABI prism Seq Scape version 2.1.1. The lung
tumors were classified according to the general rule for clinical and
pathologic record of lung cancer in Japan (18). All tumor samples were
immediately frozen and stored at —80°C until assayed.

The clinical and pathologic characteristics of the 102 lung cancer
patients are as follows: 52 cases at stage I, 16 at stage II, and 34 at stage
I to IV. The mean age was 65.5 years (range, 42-85). Among the 102
lung cancer patients, 49 (48%) were diagnosed as having adenocarci-
noma, 32 (31.4%) squamous cell carcinoma, 9 (8.8%) adenosquamous
cell carcinoma, and 7 (6.9%) small cell cardinoma.

PCR assays for EGFR. The genomic DNA was extracted from lung
cancer tissues and matched normal lymphocytes from the peripheral
blood using the Wizard SV Genomic DNA purification system
(Promega Corporation, Madison, WI). Initially, 58 DNA samples were
also extracted from lung cancer tissues from Nagoya City University
and sequenced as reported in our previous paper (11). These sets of
DNA were used as a positive and negative control for genotyping. DNA
concentration was determined by spectrophotometry and adjusted to a
concentration of 50 ng/mL. We then used 1 uL of each DNA for
LightCycler analyses. To ensure the fidelity of DNA extraction, all
samples were subjected to PCR amplification with oligonucleotide
primers specific for exon 18 of the EGFR gene and then digested by
Sacl enzyme. The primer sequences for EGFR gene in exon 18 were as
follows: the forward primer, 5-TCCAAATGAGCTGGCAAGTG-3, and
the reverse primer, 5-TCCCAAACACTCAGTGAAACAAA-3 (397 bp).
The cycling conditions were as follows: initial denaturation at 95°C for
15 minutes followed by 35 cycles at 95°C for 20 seconds, 57°C for 20
seconds, 72°C for 30 seconds, and one cyde of 72°C for 3 minutes.
The products were purified by Qiagen PCR purification kit (Qiagen,
Valencia, CA) and then digested with restriction enzyme at 37°C for 2
hours. The genotyping PCR reactions were done using LightCycler
DNA Master Hybridization probes kit (Roche Molecular Biochemicals,
Mannheim, Germany) in a 20 pL reaction volume. The primer
sequences for EGFR gene in exon 18 were as follows: the forward
primer, 5-TCCAATGAGCTGGCAAGTG-3, and the reverse primer, 5-
TCCCAAACACTCAGTGAAACAAA-3 (397 bp). For the exon 18 geno-
typing, sensor (LC Red 640-GCACCGGAGCCCAGCA) and anchor
(GCCAGGGACCTTATACACGTGCCGAA-Fluorescein) probes were
used. The cycling conditions were as follows: initial denaturation at
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95°C for 10 minutes, followed by 45 cycles at 95°C for 10 seconds,
60°C for 10 seconds, and 72°C for 16 seconds The primer sequences
for EGFR gene in exon 19 were as follows: the forward primer, 5-
CGTCTITCCTTCTCTCTCTGTC-3, and the reverse primer, 5-GACATGA-
GAAAAGGTGGGC-3 (175 bp). For the exon 19 genotyping, sensor
{GCTATCAAAACATCTCC-Fluorescein) and anchor (LC Red 640-
AAAGCCAACAAGGAAATCCTCGATGTGAGTTTCTGCTTTGCTGT-
GTGGGG) probes were used. The cycling conditions were as follows:
initial denaturation at 95°C for 10 minutes followed by 45 cycles at 95°C
for 10 seconds, 60°C for 10 seconds, and 72°C for 7 seconds. The primer
sequences for EGFR gene in exon 21 were as follows: the forward primer,
5-GCTCAGAGCCTGGCATGAA-3, and the reverse primer, 5-CATCC-
TCCCCTGCATGTGT-3 (349 bp). The cycling conditions were as follows:
initial denaturation at 95°C for 10 minutes, followed by 45 cycles at
95°C for 10 seconds, 57°C for 10 seconds, and 72°C for 14 seconds. For
the exon 21 genotyping, sensor {Fluorescein-AGTTTGGCCCGCCCA)
and anchor (LC Red 640-CCTCCTTCTGCATGGTATTCTTICTCITCCG-
CACCCAG) probes were used.

Statistical methods. Statistical analyses were done using the Mann-
Whitney U test for unpaired samples and Wilcoxon's singed rank test
for paired samples. Linear relationships between variables were
determined by simple linear regression. Correlation coefficients were
determined by rank correlation using Spearman’s test and %2 test. The
overall survival of lung cancer patients was examined by the Kaplan-
Meier methods and differences were examined by the logrank test,
Breslow-Gehan-Wilcoxon test, and Cox proportional hazard regression
model. All analyses were done using the StatView software package
(Abacus Concepts, Inc., Berkeley, CA) and results were considered
significant when P < 0.05.

Results

Fidelity of allele-specific PCR confirmed by conventional PCR
assay in lung cancer tissues. Using the exon 18 primer sets, a
PCR product of 397 bp was obtained. We have analyzed the
product using PCR-RFLP method. The wild-type DNA does not
have a Sacl site within the 397 bp. The PCR products digested
with Sacl were loaded with 2% agarose gel and wild-type DNA
should be visualized as one band. However, if the substitution
mutation G719S were present, the PCR products digested by
Sacl will be visualized as three bands. Using this method, PCR
products were visualized from all lung cancer patients studied.
In exon 18, a G719S mutation was found from cne Nagoya
specimen (stage la, well-differentiated adenocarcinoma with
bronchioloalveolar carcinoma pattern at the edge of tumor,
female, nonsmoker patient) and one Kinki specimen (Fig. 14).
These mutants were also analyzed by LightCycler. The anchor
probe was matched for wild type. As shown in Fig. 1B for the
(G719S mutation in exon 18, the homozygous wild-type PCR
product showed a single peak at 69°C, whereas the heterozy-
gous products (mutant) showed an additional peak at 59°C.
The LightCycler method using the mutation-specific probes
confirmed the results with the restriction fragment analysis.

Genotyping of EGFR at exon 19 and exon 21 in lung cancer
tissues. Forexon 21 genotyping, the anchor probe was matched
for L858R mutationi. As shown in Fig. 2, for the L858R mutation
in exon 21, the homozygous wild-type PCR product showed a
single peak at 53°C, whereas the heterozygous products
{mutant) showed an additional peak at 65°C. From the 102
lung cancer patients, 8 patients had the L858R mutation, One
was male and seven were female. Seven were nonsmokers and
one was a smoker (Brinkman index was 600). All eight patients
had adenocarcinoma, one was moderately differentiated, and
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Fig. 1. A, analyzed data using PCR-RFLP.
Left lane, the wild-type DNA within the 397
bp does not have Sac| site. The PCR
products restricted with Sac| were loaded
with 2% agarose gel and was visualized as
one band. Right lane, the substitution
mutation G719S caused Sacl site, and the
PCR products restricted by Sacl was
visualized as three bands. B, detection of a
G719S mutation in the £GFR gene in
genomic DNA extracted from lung cancer
tissues. The negative derivative of the
fluorescence (~dF / dT) versus temperature
graph shows peaks with different 7, The
wild-type sample showed a single 7, at
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69°C. The heterozygous mutant sample
showed an additional peak at 53°C.

seven were well differentiated. Five-of eight adenocarcinomas
showed bronchioloalveolar carcinoma pattern at the edge of
tumor. Thus, L858R mutation status was significantly correlated
with gender, Brinkman index, pathologic subtypes, and differ-
entiation of lung cancer (Table 1). Eight of eight PCR products
from matched peripheral lymphocyte DNA showed a single
peak, suggesting that the mutations were somatic. L858R
mutation was also found in one nonsmoking female adenocar-
cinoma patient from Kinki-chuo Chest Medical Center.

For exon 19 genotyping, the anchor probe was matched for
deletion type la (2,235-2,249 nucleotides deletion; deletion
GGAATTAAGAGAAGC) mutation. As shown in Fig. 3, for the
deletion la mutation in exon 19, the PCR product showed a
single peak at 56°C, whereas the deletion 1b products (2,236-
2,250 nucleotides deletion; deletion GAATTAAGAGAAGCA)
showed a peak at 47°C. From the 102 lung cancer patients,
seven patients had the deletion 1a mutation. Four were males
and three were females. Three were nonsmokers and four were
smokers. Four patients had adenocarcinoma, two had squa-
mous cell carcinoma, and one had adenosquamous cell
carcinoma. One of the tumors was moderately differentiated,

two were poorly differentiated, and three were well differenti-
ated. One of four adenocarcinomas showed bronchioloalveolar
carcinoma pattern at the edge of tumor. Thus, deletion 1la
mutation status was not significantly correlated with gender,
Brinkman index, pathologic subtypes, and differentiation of
lung cancer (Table 2). Five of seven PCR products from matched
peripheral lymphocyte DNA were available and showed a single
peak, suggesting that these mutations were somatic.

The mutations detected in lung cancer specimens from Kinki-
chuo Chest Medical Center are summarized in Table 3. L858R
mutation and deletion type la were found from partial
response patients. On the other hand, G719S mutation was
found from a patient with no response to gefitinib (progressive
disease). A total of six mutations were found from 16 gefitinib-
treated patients (37.5%). Taken together, 22 mutations were
found from 117 examined samples in our analysis (18.8%).

The overall survival of 102 lung cancer patients from Nagoya
City University, with follow-up through December 30, 2003, was
studied in reference to the EGFR mutation status. There was no
significant difference in the prognosis between the patients with
wild-type EGFR (n = 86, 22 were dead) and the patients with
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heterozygous products (mutant) showed an
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Table 1. Clinicopathologic data of 102 lung cancer
patients
L858R
Mutation Wild-type
Factors patients (%) patients (%) P
Mean age (y), 65.5 + 9.3 8 94
Stage
| 7 (87.5) 45 (47.9) 0.0744
-V 1 (12.5) 49 (52.1)
Lymph node metastasis
NO 7 (87.5) 60 (63.8) 0.3341
N+ 1 (12.5) 34 (36.2)
BI
=600 8 (100) 32 (34.0) 0.001
»600 0(0) 62 (66.0)
Differentiation
Well 7 (87.5) 31 (431) 0.0439
Moderately or poorly 1(12.5) 41 (56.9)
Pathologic subtypes
Adenocarcinoma 8 (100) 41 (43.6) 0.007
Nonadenacarcinoma 0(0) 53 (56.4)
Age
=60 2 (25.0) 26 (27.7) 0.9999
60 6 (75.0) 68 (72.3)
Gender
Male 1(12.5) 80 (85.1) <0.0001
Female 7 (87.5) 14 (14.9)
Abbreviations: N+, lymph node metastasis positive; BI, Brinkman index.

mutation in the EGFR gene (n = 16, two were dead; log-rank test,
P = 0.3608; Breslow-Gehan-Wilcoxon test, P = 0.4761),
although the observation period was short.

Discussion

We obtained findings that L858R EGFR mutation status
was significantly correlated with gender, smoking history, and
pathologic subtypes of lung cancers. This was in agreement
with the recent reports that EGFR gene mutations are

common in lung cancers from never smokers (13) and

females with adenocarcinoma (11). Our analysis also

suggested that the type of EGFR mutation might be
correlated with the sensitivity of gefitinib therapy for lung
cancers.

When the PCR is used for the detection of mutations in very
small amounts of DNA, although we would like to start from
biopsy samples in the future, it is usually necessary to use
“nested PCR." In this case, a DNA fragment is amplified with a
first set of primers and part of the product is reamplified
with a second set of primers complementary to sequences
in the product. Recent developments in fast PCR and real-
time detection of products make a more sensitive approach to
detection of mutations possible (14-16, 19). We have
optimized mutation detection, without nested PCR, using the
LightCycler. This instrument measures fluorescence during PCR
and can detect the SYBR Green dye when it is intercalated in
double-stranded DNA, allowing the detection of double-
stranded PCR product formation. The use of labeled probes
homologous to the PCR product permits specific identification
of PCR products (17). In the LightCycler, two adjacent probes
were used, labeled with different fluorescent molecules. When
the probes were bound to the single-stranded target, one to five
bases apart, the 3-end label of the 5’ probes came close to the
5'-end label of the 3’ probe, resulting in resonance and strong
fluorescence at a specific wavelength. An advantage of this
strategy is that hybridization of the probe is not restricted to the
temperature range required for Taq polymerase to remove a
base (19, 20). Further melting curves can be produced after PCR
to assess the dissociation temperature of the probe. Mutations
covered by the probe can be detected by a shift in melting
temperature. The one-cycle analysis took ~ 1 hour and could
examine 32 samples.

Because so many EGFR mutation phenotypes were discov-
ered, it would be of interest to determine whether resistance
to EGFR inhibition emerges through secondary mutation as is
the case in imatinib-treated chronic myelogenous leukernia
(21). Our data showed that L858R mutation and deletion type
la were found in gefitinib-sensitive patients; on the other
hand, a G719S mutation was found in a gefitinib-resistant
patient. Interestingly, recent data reported that L858R mutant
(transfected cell) was inhibited at 10-fold lower concentra-
tions of tyrosine kinase inhibitor; however, the deletion
mutant seemed to have similar sensitivities as wild-type EGFR
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Fig. 3. Detection of the deletion mutations
inthe EGFR gene in genomic DNA extracted
from lung cancer. The deletion 1a —type
sample showed a single 7, at 56°C. The
deletion type Tb sample showed a single
peak at 47°C.
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Table 2. Clinicopathologic data of 102 lung cancer
patients
Exon 19 deletion
Mutation Wild-type
Factors patients (%) patients (%) P
Mean age (y), 65.5 + 9.3 7 95
Stage
i 3(42.9) 49 (51.6) 0.9571
-V 4 (57) 46 (48.4)
Lymph node metastasis
NO 3(42.9) 64 (67.4) 0.3650
N+ 4 (57.1) 31 (32.6)
BI
=600 5(71.4) 35(36.8) 01592
»600 2 (28.8) 60 (63.2)
Differentiation
Well ' 3 (50.0) 35 (47.3) 0.9999
Moderately or poorly 3 (50.0) 39 (62.7)
Pathologic subtypes
Adenocarcinoma 4 (571 45 (474) 09143
Nonadenocarcinoma 3(42.9) 50 (52.6)
Age
=60 2(28.6) 26 (27.4) 0.9999
60 5 (71.4) 69 (72.6)
Gender
Male 4 (57.1) 77 (81.1) 0.3051
Female 3(42.9) 18 (18.9)

to drug (13). Thus, mutation phenotypes might be correlated
with sensitivity for gefitinib therapy. Substitution mutation
L858R is located adjacent to the highly conserved DFG motif
in the activation motif. The activation loop was known to be
important for autoregulation in many kinases (22). For
example, the mutation in the activation loop of insulin

receptor tyrosine kinase substantially increases the ability of
the unphosphorylated kinase to bind ATP (23). From our
data, this mutation pattern (L858R) might be more correlated
with the populations, such as women, smoking, and
adenocarcinoma.

DNA sequencing using the PCR methods described to date is
time-consuming and, therefore, may not be suitable for a
regular pretherapeutic screening program. Genechip technology
is promising but still in its infancy, and adapting this
technology to new polymorphisms is time-consuming and
expensive. Real-time PCR, on the other hand, allows for easy
adoption of new polymorphisms and possibly provides the best
means for pretherapeutic genotyping in a clinical setting at
present. We, therefore, developed three different PCRs to detect
EGFR gene mutations and deletions. The advantages of real-
time PCR are extensive. The faster PCR method and elimination
of additional steps to analyze PCR products save time and
minimize the risks of DNA contamination. Handling is
facilitated and potentially toxic reagents, such as ethidium
bromide stain, are avoided. We have only found 16 of 101
surgically removed samples from Nagoya City University and
6 of 16 gefitinib-treated samples from Kinki-chuo Chest
Medical Center. Other mutations might have existed for these
patients, although we have only checked the three most
frequent mutations. The difference in the ratio of EGFR
mutation between Nagoya and Kinki patients might have been
caused by selection bias because gefitinjb was known to be
sensitive for female, nonsmoker, and adenocarcinoma patients.
Actually, we have checked seven small cell carcinoma and three
large cell carcinoma patients from Nagoya and no mutations
were found from these patients.

Using the LightCycler reverse transcription-PCR assay de-
scribed here, the determination of EGFR mutation status may
be of clinical importance in predicting the sensitivity or
Tesistance to gefitinib therapy for lung cancer. With this
method, 32 samples were genotyped within 1 hour without
the need of any post-PCR sample manipulation. Mutation
detection using real-time PCR with hybridization probes and

Table 3. Genotyping analyses data for the non —small cell lung cancer patients from Kinki-chuo Chest Medical Center
Age Gender Mutation Exon Mutation type Pathology Smoking history
59 F + 19 della Adenocarcinoma N

69 F + 18 G7198 Adenocarcinoma N

76 M + 19 del b Adenocarcinoma N

56 M + 19 del1b Adenocarcinoma F/C

33 M + 19 dellb Adenocarcinoma F/C

59 F + 21 L858R Adenocarcinoma N

47 M - Adenocarcinoma F/C

65 F — Adenocarcinoma N

51 F - Adenocarcinoma N

66 M - Adenacarcinoma F/C

82 M - Adenocarcinoma F/C

VA F - BAC N

66 F - BAC N

71 F - Adenocarcinoma N
Abbreviations: F, female; M, male; del, deletion; BAC, bronchioloalvealar carcinoma; N, never smoker; F/C, former ar current smoker.
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melting curve analysis can be used for the sensitive detection of

DNA mutations. The fast detection of single base substitutions

in small amounts of DNA has great potential in pretreated

diagnosis and in oncology.
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Abstract Purpose: The aim of this phase I study was to
determine the maximum-tolerated dose (MTD) in el-
derly patients with small-cell lung cancer (SCLC). Pa-
tients and methods. Patients aged over 75 years with
previously untreated SCLC were enrolled in this study.
Both topotecan and cisplatin were administered on days
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1-3 and repeated every 3 weeks. The starting dose of
topotecan was 0.5 mg/m?/day, while cisplatin was fixed
at the dose of 20 mg/m?/day. Patients with limited dis-
ease (LD) SCLC received thoracic irradiation after the
completion of chemotherapy. Results: Twenty-one el-
derly patients were enrolled in this study and received a
total of 59 cycles. The major hematological toxicity was
neutropenia and non-hematological toxicities including
diarrhea were generally mild and reversible. The MTD
of topotecan was determined as 1.2 mg/m?*/day. The
recommended phase IT study dose of topotecan was
determined as 1.0 mg/m?/day with cisplatin 20 mg/m?/
day daily for 3 days. An objective response was ob-
served in 6 of 10 patients (60%) with LD-SCLC and 6 of
11 (55%) with extensive disease (ED) SCLC. The med-
ian survival time in patients with LD-SCLC and those
with ED-SCLC were 16.0 and 11.0 months, respectively.
Conclusion: The combination chemotherapy of 3-day
topotecan and cisplatin appears to be tolerable and
effective in elderly patients with SCLC.

Keywords Small-cell lung cancer - Elderly patients -
Topotecan - Cisplatin - Phase I study - 3-day schedule

Introduction

The standard chemotherapy for extensive disease small-
cell lung cancer (ED-SCLC) has been considered to be a
combination of etoposide and cisplatin [1, 9, 11]. Re-
cently, a randomized phase III study comparing a
combination of irinotecan, one of the topoisomerase I
inhibitors, and cisplatin with a standard combination of
etoposide and cisplatin in patients with previously un-
treated ED-SCLC, demonstrated a significant survival
benefit in a combination with irinotecan and cisplatin
[18]. Thus, the combination of a topomerase-I inhibitor
and cisplatin is an attractive strategy for the treatment of
SCLC.

However, elderly patients were excluded from these
previous trials [11, 18]. In general, elderly patients are



considered to have an increased risk of chemotherapy-
related morbidity and mortality due to comorbid diseases,
deterioration of organ functions, or poor performance
status (PS) [6, 21]. In addition, frequent dose reductions
due to excessive toxicities may be required in elderly pa-
tients because of poor functional reserves, resulting in an
insufficient dose-intensity of the chemotherapy ([27].
Regarding the toxicity profile of the irinotecan and cis-
platin combination, one of the major toxicities seems to be
high incidence of diarrhea (grade 2 or more: 44% [18]),
which may lead to low treatment compliance in the elderly
patients. Therefore, it is desirable to establish the optimal
treatment for elderly patients with SCLC.

Topotecan is a semi-synthetic derivative of campto-
thecin, which is a potent inhibitor of the topoisomerase I
enzyme and involved in DNA unwinding needed for
DNA replication and transcription [8]. In the previous
phase II monotherapy trial in the 5-day administration
schedule, the overall response rate for previously un-
treated SCLCs was 39% [25]. Non-hematological tox-
icities were relatively mild. In particular, diarrhea has
been reported to be rare, which is the dose-limiting
toxicity (DLT) of irinotecan [14, 17]. Additionally, the
safety and efficacy of a 3-day topotecan regimen have
recently been reported in patients with ovarian cancer [4,
13], and this modified regimen seemed to be less toxic
than a 5-day topotecan regimen [7] with a comparable
antitumor activity in patients with ovarian cancer [4, 13].
These findings suggest that a 3-day topotecan might be
safely administered to elderly patients with SCLC.

Based on these background data, we designed a phase
I study of topotecan administered for three consecutive
days in combination with cisplatin, a key drug for
SCLCs in elderly patients with SCLC. The primary
objective was to determine the maximum-tolerated dose
(MTD) for each drug, with a secondary objective of
assessing antitumor activity.

Patients and methods
Eligibility

The eligibility criteria for entry into this study were as
follows: (1) pathologically proven SCLC, (2) age of
76 years or more, (3) no prior anticancer therapy,(4) PS
of 0-2 on the Eastern Cooperative Oncology Group
(ECOG) scale [20], (5) presence of evaluable lesions, (6)
adequate reserves of hematological function (white
blood cell [WBC] count = 4,000/ul, neutrophil count =
2,000/pul, hemoglobin level = 9.5 g/dl, platelet count >
10x10%/ul), renal function (serum creatinine < 1.5 mg/
dl), hepatic function (total bilirubin < 1.5 mg/dl, serum
transaminases < 2.5xupper limit of normal range) and
pulmonary function (PaO, = 60 Torr at rest), and (7)
acquisition of a written informed consent. Patients with
symptomatic brain metastasis were excluded from the
study. The baseline pretreatment evaluations included a
complete history, physical examination, laboratory tests,

a chest radiograph, computed tomography (CT) scans of
the chest and abdomen, fibreoptic bronchoscopy, mag-
netic resonance imaging (MRI) of the brain, and a
radionuclide bone scan, if medically indicated. The
protocol was approved by the institutional review board
of each participating institute.

Treatment scheme

Topotecan, diluted in 100 ml of physiological saline, was
intravenously administered for 30 min on days 1-3.
After the completion of the topotecan infusion, a fixed
dose of cisplatin (20 mg/m?/day), diluted in 300 ml of
physiological saline, was intravenously administered
over 1 h on the same days. The treatment was repeated
every 3 weeks and six dose levels were planned (Table 1).
Four cycles of chemotherapy were planned. Patients
were treated with at least two cycles of chemotherapy
unless there was a disease progression, unacceptable
toxicity in the first cycle, or withdrawal of their consent.
Initiation of the next cycle of chemotherapy was delayed
until recovery of the WBC count to 3,000/ul, the
neutrophil count to = 1,500/ul, the platelet count to
> 10x10%/pl, hemoglobin > 8.0 g/dl, and resolution of
non-hematologic toxicities to < grade 1. If grade 4
leukopenia, grade 4 neutropenia, or febrile neutropenia
was noted, the use of granulocyte colony-stimulating
factor (G-CSF) was permitted. Patients with limited-
disease (LD)-SCLC received thoracic irradiation at a
total of 45 Gy in 25 fractions after the completion of
chemotherapy. In addition, patients achieving complete
response received prophylactic cranial irradiation.

Assessment of toxicity and dose escalation

Toxicities were graded according to the National Cancer
Institute-Common Toxicity Criteria Version 2.0. All
treatment cycles were analyzed to determine DLT, al-
though the decision to elevate the dose level was based
on the toxicities in the first cycle. The DLT was defined
as development of at least one of the following toxicities:
any non-hematological toxicities = grade 3 other than
nausea, vomiting, and alopecia; grade 4 neutropenia or
leukopenia lasting for 4 days or more; platelet count <
1-10%/ul. At least three patients were scheduled to enter
the study at each dose level and if all three patients
developed the DLT, the dose level was determined to be

Table 1 Planned dose level

Dose levels Cisplatin (mg/m*/day) Topotecan (mg/m?/day)

20
20
20
20
20
20
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the MTD. If one or two of the three patients experienced
the DLT, three additional patients were subjected to the
same dose level. The MTD was defined as a dose level
that produced any of the DLTs developed in three or
more patients among a maximum of six patients, and
further dose escalation was not permitted. Dose escala-
tion in the individual patient was not allowed. The rec-
ommended dose was defined as the dose level below the
MTD for safe administration of the both drugs.

Assessment of efficacy

The response was evaluated according to the Standard
Response Evaluation Criteria in Solid Tumors [28]. The
time to progression and the overall survival time were
calculated from the date of registration to this trial until
the first document of disease progression and death,
respectively, using the Kaplan—Meier method. Statistical
analyses were performed using the STATVIEW 5.0
program (Brainpower, Calabasas, CA).

Results
Patient characteristics

Between November 2001 and September 2004, a total of
21 elderly SCLC patients were enrolled in this study
(Table 2). In ED-SCLC patients, most frequent meta-
static sites were the liver and adrenal gland. A total of 59
cycles were administered, with median number of three
cycles per patients (range 1-4). Seven of the 10 LD-
SCLC patients received thoracic irradiation after com-
pletion of chemotherapy with a median-delivered dose of
45 Gy. One patient received only one cycle of chemo-
therapy because of withdrawal of consent. All patients
and cycles were assessable for toxicity and response.

Hematological toxicity

The hematological toxicities in 21 patients are listed in
Table 3. The main toxicity was neutropenia, which was

Table 2 Patient characteristics

No. of patients 21
Age

Median (range) 78 (76-82)
Gender

Male 19
Female 2
Performance status
0 5
1 13
2 3
Stage

Limited disease 10
Extensive disease 11

observed in 54 (91.5%) of 59 cycles. G-CSF was re-
quired in 34 (58%) cycles for grade 4 neutropenia (31
cycles) or febrile neutropenia (three cycles). Grade 4
anemia was observed in seven (12%) cycles, and blood
transfusion was required in four cycles at dose levels 3
and 5. Grade 2 or 3 thrombocytopenia was frequently
observed and platelet transfusion was required in one
cycle at dose level 5, however, no severe hemorrhage
complications were experienced.

Non-hematological toxicity

Table 4 shows non-hematological toxicities of grade 2 or
greater in all treatment cycles. Diarrhea was extremely
mild and grade 1 diarrhea occurred in 7 (12%) of 59
cycles and no grade 2 or more diarrhea was observed in
this study. Febrile neutropenia was experienced in one
and two cycles at dose levels 3 and 5, respectively,
however, it was reversible with appropriate supportive
care including G-CSF and antibiotics. Grade 3 hepatic
dysfunction and grade 4 hyponatremia occurred in one
cycle each, and these toxicities were considered to be the
DLT. However, these conditions spontaneously recov-
ered. There were no treatment-related deaths.

Maximum-tolerated dose

Dose limiting toxicity was observed in one of six patients
at dose level 3 (hepatic toxicity), and in three of six
patients at dose level 5 (febrile neutropenia, persistent
neutropenia, and hyponatremia). Thus, we determined
the MTD of 3-day topotecan and cisplatin to be 1.2 and
20 mg/m?/day, respectively (dose level 5). The recom-
mended doses were considered to be 1.0 mg/m?/day for
topotecan and 20 mg/m?/day for cisplatin (dose level 4).

Antitumor activity

An objective response was observed in 6 (60%) of 10
patients with LD-SCLC and 6 (55%) of 11 patients with
ED-SCLC. The median follow-up time of the surviving
patients was 11.0 months, and the median survival time
was 12.8 months. When stratified by disease extent, the
median survival times in patients with LD-SCLC and
those with ED-SCLC were 16.0 and 1].0 months,
respectively.

Discussion

The present phase I study demonstrated that the com-
bination chemotherapy of 3-day topotecan and cisplatin
was well tolerated in elderly SCLC patients. The major
toxicity in our study was myelosuppression, whereas
diarrhea was rarely observed. All the toxicities were
reversible and no life-threatening toxicities occurred.



Table 3 Hematological toxicity of grade 2 or greater (all cycles)

Dose levels

1 2 3 4 5
No. of treated patients 3 3 6 3 6
No. of cycles evaluated 9 5 19 7 19
Grades No. of cycles (%)
Leukopenia 2 4 (44) 2 (40) 7 (37) 4 (57) 10 (53)
3 1 (11) 1 (20) 10 (53) 0 6 (32)
4 0 0 0 0 2 (11)
Neutropenia 2 0 1 (20) 2. (11) I (14) 0
3 4 (44) 3 (60) 6 (32) I (14) 9 (47)
4 333 I (20) 10 (53) 3 (43) 10 (53)
Anemia 2 3 (33) 0 6 (32) 2 (29) 3 (16)
3 1y 2 (40) 3 (16) 2 (29) 3 (16)
4 0 0 2 (1) 0 5 (26)
Thrombocytopenia 2 3 (33) 2 (40) 4(21) 0 2 (11
3 2 (22) 2 (40) 6 (32) 0 11 (58)
4 0 0 0 0 0
Table 4 Non-hematological toxicity of grade 2 or greater (all cycles)
Dose levels
1 2 3 4 5
No. of treated patients 3 3 3 6
No. of cycles evaluated 9 5 19 7 19
Grades No. of cycles (%)
Nausea/vomiting 2 2 (22) 1 (20) 211 2 (29) 2 (1)
3 2(22) 0 6 (32) 0 211
Fatigue 2 (11 1 (20) 0 0 0
3 0 0 0 0 8 (42)
Hepatotoxicity 2 0 0 0 1 (14) 0
3 0 0 1 (5) 0 0
Infection 3 1(11) 0 2 (11) 1(14) 2 (1)
Febrile Neutropenia 3 0 0 1 (5) 0 20D
Hyponatremia 4 0 0 0 0 1 (5)
The MTDs for topotecan and cisplatin were determined It is of note that diarrhea was extremely mild in our

to be 1.2 and 20 mg/m?/day, respectively (dose level 5), regimen without any grade 2 or over. Diarrhea was a
and this regimen yiclded a favorable antitumor activity. major toxicity in the irinotecan and cisplatin arm of the

Table 5 Response

Dose level Total
1 2 3 4 5
LD-SCLC
No. of patients evaluated 1 2 3 1 3 10
CR 1 0 2 1 0 4 (40%)
PR 0 0 0 0 2 2 (20%)
NC 0 2 1 0 0 3 (30%)
PD 0 0 0 0 1 [ (10%)
ED-SCLC
LD-SCLC limited disease sma- No. of patients evaluated 2 1 3 2 3 11
11-cell lung cancer, ED-SCLC CR 0 0 0 0 0 0 (0%)
extensive disease small-cell lung PR 1 0 2 1 2 6 (55%)
cancer, CR complete response, NC 1 1 0 1 I 4 (36%)
PR partial response, NC no PD 0 0 1 0 0 1 (9%)

change, PD progressive disease




recent randomized phase III study. Indeed, grade 2 or
more diarrhea occurred in 44% of the evaluable patients
[18]. Topotecan has the advantage of a lower incidence
of diarrhea compared to irinotecan when combined with
cisplatin. However, Lilenbaum et al.[12] also demon-
strated in a phase I study of topotecan combined with
cisplatin that grade 2 diarrhea occurred in 3 (9.7%) of 31
patients despite the fact that no grade 3 or 4 diarrhea
was experienced. In addition, Ardizzoni et al.[3] re-
ported grade 3 or 4 diarrhea to be 4% in a phase II trial
of topotecan with cisplatin. Accordingly, the 3-day
administration schedule in the present study may be
superior to prevent diarrhea.

In the previous phase I studies of topotecan and
cisplatin, the major toxicity was myelosuppression [12,
16, 22-24]. In a phase I study of 5-day topotecan with
cisplatin conducted by Miller et al.[16], dose-limiting
grade 4 neutropenia lasting for more than 7 days oc-
curred in three (30%) of nine patients, whereas our 3-
day-schedule regimen did not show such a durable tox-
icity. Additionally, in a phase II study comparing a 3-
day regimen of topotecan and cisplatin with a 5-day
regimen, the incidence of grade 3 or more leukopenia
was somewhat lower in the former regimen (22 and
33%, respectively) [26]. These observations suggest that
a 3-day topotecan regimen may be less toxic than a 5-
day one, although other clinical factors possibly affected
the difference of the toxicity profiles. Furthermore, the
frequency of neutropenia in our trial was almost com-
parable with that in the irinotecan and cisplatin arm of
the randomized trial [18], and that in the combination
chemotherapy of carboplatin and etoposide in elderly
patients with SCLC [19]. Thus, our regimen is consid-
ered to be safely administrable in terms of both hema-
tological and non-hematological toxicity when
compared with the previous results.

With regard to the efficacy, our regimen seems to
have potential antitumor activity in elderly patients with
SCLC, with response rates of 60% in LD-SCLC and
55% in ED-SCLC. In addition, the median survival
times for LD- and ED-SCLC were 160 and
11.0 months, respectively. In the previous clinical trials,
median survival times in the treatment of elderly LD-
and ED-SCLCs were reported to be 12-15 and 9-
11 months, respectively, with combination chemother-
apy consisting of carboplatin and etoposide [5, 10, 15,
19]. Ardizzoni et al.[2] recently conducted a phase II
study of cisplatin and etoposide in elderly patients with
LD- and ED-SCLC. They demonstrated that the overall
response rate and survival time were 60.0% and
9.5 months, respectively. The clinical outcome in our
study seems to be comparable with these studies, sug-
gesting that this regimen has considerable antitumor
activity in elderly patients with SCLC. Because of the
small sample size in this study, it is necessary to verify
the efficacy of this regimen in a subsequent phase II
study.

In conclusion, combination chemotherapy consisting
of topotecan and cisplatin on days 1-3 is well tolerated

for elderly patients with SCLC, which seems to show
reasonable efficacy. The phase II study of this regimen is
now under investigation.
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