
Abstract. Background: The antimetabolic agent S-1
inhibits thymidylate synthase similar to pemetrexed, but
through a different mechanism of action. Whether the
antitumour activity of S-1 depends on histological type
remains unclear. We analysed pooled data from 2 phase II
clinical studies of cisplatin and S-1 in patients with
previously untreated advanced non-small cell lung cancer.
Patients and Methods: We comprised 110 patients with stage
IIIB or IV non–small cell lung cancer. Univariate and
multivariate analyses were performed to determine the
effects of histological type on progression-free survival and
response rates. Results: On pooled analysis of the data,
according to histological type, median progression-free
survival was 3.8 months in patients with squamous cell
carcinoma and 4.4 months in those with non-squamous cell
carcinoma. Both analyses showed that progression-free
survival and response rate did not differ significantly.
Conclusion: Unlike molecular targeted agents and
pemetrexed, a combination of cisplatin and S-1 may be no
difference in response according to histological type. 

Lung cancer continues to affect more than 100 million
people worldwide. About 80% of all cases are non-small cell

lung cancer (1). Stage IV advanced lung cancer is usually
treated by chemotherapy with anticancer drugs; however,
outcomes remain far from satisfactory. Various treatment
regimens have been developed to improve survival. 

The anticancer drug pemetrexed, classified as an
antimetabolic agent, has recently become standard treatment
for malignant pleural mesothelioma. Pemetrexed acts by
inhibiting the activity of several enzymes, including
thymidylate synthase (TS), which is involved in the de novo
synthesis of thymidine triphosphate, dihydrofolate reductase,
which reduces folic acid to its active form required for DNA
synthesis, and glycinamide ribonucleotide formyl transferase,
which participates in purine synthesis (2). A randomised
clinical trial comparing pemetrexed with docetaxel as second-
line treatment in patients with non-small cell lung cancer was
conducted outside of Japan (3). The trial failed to establish
that pemetrexed was superior to docetaxel in terms of
efficacy, but it had lower toxicity. Pemetrexed was therefore
approved by the Food and Drug Administration and is now
used as a standard treatment in the United States.
Subsequently, a retrospective analysis was performed to
examine the effectiveness of pemetrexed according to
histological type (squamous cell carcinoma vs. non-squamous
cell carcinoma). Pemetrexed was found to improve survival
in patients with non-squamous cell carcinoma, but was less
effective than docetaxel for squamous cell carcinoma (4).
Scagliotti et al. demonstrated that cisplatin plus pemetrexed is
not inferior to cisplatin plus gemcitabine in terms of overall
survival in patients with advanced non-small cell lung cancer
who received first-line chemotherapy (5). That study included
an analysis of response according to histological type.
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Cisplatin plus pemetrexed was shown to be associated with
significantly better survival in patients with non-squamous
cell carcinoma, although this was not a primary endpoint of
the investigation. On the basis of these results, cisplatin plus
pemetrexed was approved for the first-line treatment of non-
small cell lung cancer in the United States and Europe;
however, squamous cell carcinoma was excluded from the
approved indication. A phase III study assessing the benefits
of maintenance therapy with pemetrexed after platinum-
doublet chemotherapy showed that pemetrexed significantly
improves progression-free survival and overall survival as
compared with placebo in patients with non-squamous cell
carcinoma. In squamous cell carcinoma, however, pemetrexed
was associated with slightly shorter progression-free survival
and overall survival than placebo (6). 

The following molecular rationale has been proposed to
explain the differences in the response to pemetrexed according
to histological type. Pemetrexed inhibits TS, as described
above. However, the baseline expression of the TS gene is
significantly higher in squamous cell carcinoma than in
adenocarcinoma. Preclinical data suggest that high expression
of TS is associated with reduced activity of pemetrexed (7). 

S-1 is an oral anticancer drug that combines tegafur, a
prodrug of 5-fluorouracil, with gimeracil and oteracil
potassium. Gimeracil reversibly inhibits the rate controlling
enzyme system responsible for the metabolism of 5-
fluorouracil, thereby increasing concentrations of 5-
fluorouracil in blood and enhancing its antitumour activity.
Oteracil potassium reversibly inhibits the phosphorylation of
5-fluorouracil, thereby reducing its gastrointestinal toxicity (8,
9). A phase II study of S-1 monotherapy reported a response
rate of 22% in patients with non-small cell lung cancer (10).
Subsequently, 2 other phase II studies were performed in
Japan to evaluate the efficacy and safety of combined
chemotherapy with cisplatin and S-1 in patients with
previously untreated, advanced non-small cell lung cancer. In
the first study, cisplatin (60 mg/m2) was given on day 8 (‘day
8 study’) (11). The response rate was 47.2%, and the median
survival was 11.1 months. In the second study, cisplatin (60
mg/m2) was given on day 1 (‘day 1 study’) (12). The response
rate was 32.7%, and the median survival was 18.1 months.
Two phase III studies of S-1 combined with platinum
preparations are now in progress; the results are awaited. 

S-1 acts primarily by inhibiting TS. Therefore, the
antitumour activity of S-1 may depend on histological type,
similar to pemetrexed. To explore whether the response to
combined chemotherapy with cisplatin and S-1 depends on
histological type, similar to pemetrexed, this study jointly
analysed the results of two phase II studies of cisplatin plus
S-1 in patients with previously untreated, advanced non-
small cell lung cancer and compared treatment outcomes
according to histological type (squamous cell carcinoma vs.
non-squamous cell carcinoma). 

Patients and Methods

Study design and subjects. This study analysed pooled data from 2
phase II clinical studies in which patients were enrolled from
September 2000 through December 2005. The primary endpoints
were progression-free survival and response rate; the secondary
endpoint was overall survival. The numbers of patients who were
enrolled or included in the full analysis set were 56 and 55
(respectively) in the day 8 study and 55 and 55 (respectively) in
the day 1 study, the protocols of which are briefly described in the
following section. The difference in the two studies is the
administration schedule of CDDP and S-1. One patient in the day
8 study was ineligible and excluded. A total of 110 patients were
thus included in the analysis. In both studies, eligible patients had
to have a histopathologically confirmed diagnosis of stage IIIB or
IV non-small cell lung cancer, measurable lesions, an age of 20 to
74 years, a performance status of 0 to 2 on the Eastern Cooperative
Oncology Group scale, an expected survival of at least 3 months
and adequately maintained organ function. Written informed
consent was obtained from all patients before enrollment and the
study protocol was approved by Institutional Review Boards at the
participating centres. Both studies were conducted in accordance
with the principles of the Declaration of Helsinki and Good
Clinical Practice. 

Treatment regimens. S-1 was supplied by Taiho Pharmaceutical
Co., Ltd. (Tokyo, Japan) as 20- and 25-mg capsules. In the day 8
study, S-1 was given after meals on days 1 to 21, and cisplatin was
given on day 8, followed by 2 weeks of rest. This 5-week cycle was
repeated. In the day 1 study, cisplatin was given on day 1, and S-1
was given after meals on days 1 to 14, followed by 1 week of rest.
This 3-week cycle was repeated. Cisplatin was administered
according to the recommendations of the package insert. In both
studies, the dose of cisplatin was 60 mg/m2. The dose of S-1 was
based on the patient body surface area (BSA) as follows:
BSA<1.25 m2, 80 mg/day; 1.25≤BSA<1.5 m2, 100 mg/day; and
BSA≥1.5 m2, 120 mg/day. 

Evaluation methods. Progression-free survival was defined as the
period from the date of enrollment to the date on which disease
progression was first confirmed (the date of evaluation). For
patients who died before disease progression, death was attributed
to disease progression. If there was no evidence of disease
progression, the final day of evaluation was used to calculate
progression-free survival. Response rates were evaluated
according to the World Health Organisation criteria (13) in the
day 8 study. In the day 1 study, response rates were assessed
according to new guidelines for evaluating the treatment response
of solid tumours (Response Evaluation Criteria in Solid Tumours
guidelines) (14). Response rates were based on the combined total
of complete responses (CR) and partial responses (PR). Overall
survival was defined as the period from the date of enrollment to
the date of death from any cause. Data on patients who were alive
were censored on the last date on which the patient was
confirmed to be alive. Data on patients who were lost to follow-
up were censored on the date on which the patient was last
confirmed to be alive, before being lost to follow-up. The
incidences of adverse events were calculated according to version
2 of the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) (15). 
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Statistical analysis. Progression-free survival and overall survival
curves were estimated by the method of Kaplan-Meier. Survival
curves were compared between groups by the log-rank test. Response
rates were compared by the Chi-squared test. Trial-stratified tests
were also conducted after checking the assumption of common effect
size across studies. A multiple Cox or logistic regression model
including age, sex, performance score and clinical stage as well as
histological type was applied according to whether a response
variable was time-to-event or binary. All hazard ratios and odd ratios
are reported with reference to patients who had a histological
diagnosis of non-squamous cell carcinoma. Thus a hazard ratio >1
implies that patients with non-squamous cell carcinoma have better
survival than those with squamous cell carcinoma, while an odds ratio
>1 implies that patients with squamous cell carcinoma have a higher
response rate than those with non-squamous cell carcinoma. All
reported p-values are two-tailed. P-values <0.05 were considered to
indicate statistical significance. All analyses were performed using
SAS software ver. 9.1.3 (SAS Institute, Cary, NC, USA). 

Results

Demographic characteristics of patients. Of the 111 patients
who were enrolled from September 2000 through December
2005, 110 received the protocol treatment, excluding 1

ineligible patient. Table I shows the demographic
characteristics of the treated patients. Most patients (66.4%)
were male, 80.9% had non-squamous cell carcinoma, 78.2%
had stage IV disease, and 45.5% had a performance status of
0. Their median age was 61 years (range, 36 to 74 years). The
median number of treatment courses was 4 in the day 1 study
(range, 1 to 9) and 3 in the day 8 study (range, 1 to 12). 

Progression-free survival and overall survival. Median
progression-free survival according to histological type, on the
basis of pooled data from both studies, was 3.8 months in
patients with squamous cell carcinoma and 4.4 months in those
with non-squamous cell carcinoma (hazard ratio, 0.91; 95%
confidence interval [CI], 0.53 to 1.54; p=0.71) (Figure 1a).
Median progression-free survival did not differ between the
studies (Figure 1b) and trial-stratified analysis did not change
the results (hazard ratio, 0.92; 95% CI, 0.54 to 1.57; p=0.75).
Multivariate analysis also showed that there was no difference
according to histological type (hazard ratio, 1.04; 95% CI, 0.59
to 1.86; p=0.86). The response rate according to histological
type in the pooled data set was 47.6% (10 of 21 patients) in
patients with squamous cell carcinoma and 38.2% (34 of 89
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Figure 1. a: Progression-free survival (PFS) according to histological
type. b: Progression-free survival according to study. SQ: Squamous cell
carcinoma.

Figure 2. a: Overall survival according to histological type. b: Overall
survival according to study. SQ: Squamous cell carcinoma. 



patients) in those with non-squamous cell carcinoma (odds
ratio, 1.47; 95% CI, 0.56 to 3.83; p=0.43) (Table II). Similar
results were obtained in trial-stratified analysis (odds ratio,
1.32; 95% CI, 0.49 to 3.52; p=0.59). Multivariate analysis also
showed no apparent effect of histological type (odds ratio, 1.25;
95% CI, 0.45 to 3.47; p=0.67). 

Median overall survival according to histological type in
the pooled data set was 7.4 months in patients with
squamous cell carcinoma and 14.1 months in those with non-
squamous cell carcinoma (Figure 2a). However, the median
overall survival was 18.1 months in the day 1 study as
compared with only 11.1 months in the day 8 study (Figure
2b). The discrepancy in Figure 2a was caused by this
between-trial difference in overall survival. The adjusted
hazard ratio on trial-stratified analysis was 1.40 (95% CI,
0.82 to 2.40; p=0.22). The difference in survival between
trials in Figure 2b may have been largely due to the post-
protocol use of epidermal growth factor receptor-tyrosine
kinase inhibitors (EGFR-TKI); EGFR-TKI was widely used
in clinical practice in Japan at the time of the day 1 study,
while no patient in the day 8 study received EGFR-TKI since
it was not available at that time. However, due to the lack of
detailed data, it was not possible to evaluate the difference.

Discussion

Many clinical studies have recently reported interactions
between clinical characteristics and treatment outcomes in
patients with non-small cell lung cancer. For example, a
secondary analysis of data from the Iressa Survival
Evaluation in Lung Cancer (ISEL) study, which compared
gefitinib with placebo in previously treated patients,
suggested that gefitinib is effective for subsets of patients
with specific characteristics, such as adenocarcinoma, female
sex, and nonsmoker status (16). In the Iressa Pan Asian
Study (IPASS), which was recently performed in previously
untreated patients, treatment outcomes differed according to
the presence or absence of EGFR mutations (17). The
Evaluation of Sorafenib, Carboplatin and Paclitaxel Efficacy
in Non-small Cell Lung Cancer (ESCAPE) study, in which
sorafenib was combined with carboplatin/paclitaxel in
previously untreated patients, suggested that this regimen is
less effective for squamous cell carcinoma (18). 

Clinical trials have provided evidence that pemetrexed is
more effective against adenocarcinoma than against non-
adenocarcinoma, similar to molecular targeted agents. This
difference in response may be attributed to the inhibition of
TS, one of the mechanisms of action of pemetrexed. The
lower expression rate of TS in adenocarcinoma in
comparison to squamous cell carcinoma (19) provides a
theoretical basis for the difference in treatment response. 

Factors related to the response to such newly developed
drugs for the treatment of non-small cell lung cancer have

increasingly become clear. As described above, the response
to several drugs has been shown to depend on histological
type. Outcomes are gradually improving in patients with
adenocarcinoma, but remain poor in patients with squamous
cell carcinoma. The present pooled analysis indicated that
the antitumour response to cisplatin plus S-1 does not depend
on histological type. In contrast, overall survival differed
according to histological type. This difference may be
attributed to the following factors. In the day 1 study, many
patients received EGFR-TKI after completion of the protocol
treatment, whereas the day 8 study was performed before
EGFR-TKI was approved. Overall survival was thus
considerably better in the day 1 study than in the day 8
study. Another factor was that most patients in the day 1
study had non-squamous cell carcinoma. The prolongation
of overall survival in the day 1 study may thus reflect the
high proportion of patients with non-squamous cell
carcinoma. However, this conclusion remains speculative
because adequate follow-up data on the response to EGFR-
TKI as subsequent treatment were not obtained. 

The present analysis showed that progression-free survival
does not differ according to histological type (squamous cell
carcinoma vs. non-squamous cell carcinoma), in contrast to the
results reported for pemetrexed. Although S-1 also inhibits TS,
the mechanism involved differs from that of pemetrexed. 5-
Fluorouracil derived from tegafur undergoes nucleic acid
metabolism and is phosphorylated to 5-fluoro-2'-deoxyuridine
5'-monophosphate (FdUMP). FdUMP then reacts with reduced
folate cofactors to form a ternary complex with TS, thereby
inhibiting DNA synthesis. Apart from the metabolism of 5-
fluorouracil by nucleic acids, resulting in cytocidal activity,
most 5-fluorouracil is metabolised by dihydropyrimidine
dehydrogenase (DPD), producing inactive molecules. S-1
contains gimeracil, which strongly and reversibly inhibits DPD,
and has been experimentally shown to be less affected by DPD
than conventional 5-fluorouracil derivatives (20). Orotate
phosphoribosyl transferase (OPRT), a key enzyme that
catalyses the first step in the phosphorylation of 5-fluorouracil
by nucleic acids, has been suggested to have an important role
in the antitumour activity of 5-fluorouracil. Ichikawa et al.
reported that low TS expression and high OPRT expression are
predictors of the response to S-1 (21). Nakano et al.
immunohistologically evaluated the expression levels of TS and
OPRT according to histological type, using surgically resected
specimens of non-small cell lung cancer (22). They found that
adenocarcinoma is associated with low TS expression/low
OPRT expression, whereas squamous cell carcinoma is
associated with high TS expression/high OPRT expression.
Low expression of the target enzyme TS in adenocarcinoma is
thus consistent with the theory that pemetrexed is effective
against adenocarcinoma. With regard to the relation between
the expression of these enzymes and the response to S-1,
adenocarcinoma may respond well to S-1 because of the low
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expression of these target enzymes, similar to pemetrexed.
Although squamous cell carcinoma shows high expression of
the target enzyme TS, the expression of OPRT, which catalyses
the first step in phosphorylation of 5-fluorouracil, is also high.
This high OPRT expression may account for the good response
of squamous cell carcinoma to S-1. These mechanisms of
action may explain the lack of a difference in the responses to
S-1 between adenocarcinoma and squamous cell carcinoma. 

Cisplatin and pemetrexed can be administered concurrently
with thoracic radiotherapy. Clinical studies have reported a
good response to this treatment regimen, and further clinical
development is awaited. However, squamous cell carcinoma
accounts for a high proportion of all locally advanced, stage
III, non-small cell lung cancer cases for which a combination
of chemotherapy and radiotherapy remains the standard
treatment. The number of such patients who receive
pemetrexed is limited because of its low efficacy for this type
of lung cancer. Because S-1 acts as a radiosensitiser, a phase
II study evaluated the combination of cisplatin plus S-1 and
thoracic radiotherapy. This regimen was found to be safe and
very effective for unresectable stage III non-small cell lung
cancer (response rate, 87.5%; median progression-free
survival, 13.4 months; median survival time, not reached)
(23). Therefore, cisplatin plus S-1 is a new candidate for the
standard treatment of advanced non-small cell lung cancer
that can be combined with thoracic radiotherapy. An
important advantage of this regimen is that response does not
differ according to histological type and can therefore also be
used to treat squamous cell carcinoma. 

In conclusion, the results from the present study suggest that
S-1 is well tolerated and effective regardless of histological
type. However, at the present time there are insufficient data to
evaluate this exploratory analysis. Further two phase III studies
will help evaluate the histological efficacy of S-1. S-1 is
therefore expected to be effective against non-squamous cell
carcinoma as well as squamous cell carcinoma. 

Acknowledgements

These two phase II studies were sponsored and funded by TAIHO
Pharmaceutical Co., LTD., Tokyo, Japan. As the sponsor, TAIHO
was involved in the data collection, analysis of the data, provision of
S-1 and assistance in the preparation of this manuscript.

References

1 Parkin DM, Bray F, Ferlay J and Pisani P: Global cancer
statistics, 2002. CA Cancer J Clin 55: 74-108, 2005.

2 Shih C, Chen VJ, Gossett LS, Gates SB, MacKellar WC, Habeck
LL, Shackelford KA, Mendelsohn LG, Soose DJ, Patel VF,
Andis SL, Bewley JR, Rayl EA, Moroson BA, Beardsley GP,
Kohler W, Ratnam M and Schultz RM: LY231514, a
pyrrolo[2,3-d]pyrimidine-based antifolate that inhibits multiple
folate-requiring enzymes. Cancer Res 57: 1116-1123, 1997.

3 Hanna N, Shepherd FA, Fossella FV, Pereira JR, De Marinis F,
von Pawel J, Gatzemeier U, Tsao TC, Pless M, Muller T, Lim
HL, Desch C, Szondy K, Gervais R, Shaharyar, Manegold C,
Paul S, Paoletti P, Einhorn L and Bunn PA Jr.: Randomized
phase III trial of pemetrexed versus docetaxel in patients with
non-small-cell lung cancer previously treated with
chemotherapy. J Clin Oncol 22: 1589-1597, 2004.

4 Peterson P, Park K and Fossella F: Is pemetrexed more effective
in adenocarcinoma and large cell lung cancer than in squamous
cell carcinoma? A retrospective analysis of a phase III trial of
pemetrexed vs. docetaxel in previously treated patients with
advanced non-small cell lung cancer (NSCLC). J Thorac Oncol
2(4 suppl): S851, 2007.

6 Ciuleanu TE, Brodowicz T, Belani CP, Kim J, Krzakowski M,
Laack E, Wu Y, Peterson P, Adachi S and Zielinski CC:
Maintenance pemetrexed plus best supportive care (BSC) versus
placebo plus BSC: A phase III study. J Clin Oncol (Meeting
Abstracts) 26: abstr 8011, 2008.

7 Giovannetti E, Mey V, Nannizzi S, Pasqualetti G, Marini L, Del
Tacca M and Danesi R: Cellular and pharmacogenetics
foundation of synergistic interaction of pemetrexed and
gemcitabine in human non-smallcell lung cancer cells. Mol
Pharmacol 68: 110-118, 2005.

8 Shirasaka T, Nakano K, Takechi T, Satake H, Uchida J, Fujioka
A, Saito H, Okabe H, Oyama K, Takeda S, Unemi N and
Fukushima M: Antitumor activity of 1 M tegafur-0.4 M 5-
chloro-2,4-dihydroxypyridine-1 M potassium oxonate (S-1)
against human colon carcinoma orthotopically implanted into
nude rats. Cancer Res 56: 2602-2606, 1996.

9 Fukushima M, Satake H, Uchida J, Shimamoto Y, Kato T,
Takechi T, Okabe H, Fujioka A, Nakano K, Ohshimo H, Takeda
S and Shirasaka T: Preclinical antitumor efficacy of S-1: a new
oral formulation of 5-fluorouracil on human tumor xenografts.
Int J Oncol 13: 693-698, 1998.

10 Kawahara M, Furuse K, Segawa Y, Yoshimori K, Matsui K,
Kudoh S, Hasegawa K and Niitani H: Phase II study of S-1, a
novel oral fluorouracil, in advanced non-small cell lung cancer.
Br J Cancer 85: 939-943, 2001.

11 Ichinose Y, Yoshimori K, Sakai H, Nakai Y, Sugiura T, Kawahara
M and Niitani H: S-1 plus cisplatin combination chemotherapy
in patients with advanced non-small cell lung cancer: a multi-
institutional phase II trial. Clin Cancer Res 10: 7860-7864, 2004.

12 Kubota K, Sakai H, Yamamoto N, Kunitoh H, Nakagawa K,
Takeda K, Ichinose Y, Saijo N, Ariyoshi Y and Fukuoka M: A
multi-institution phase I/II trial of triweekly regimen with S-1
plus cisplatin in patients with advanced non-small cell lung
cancer. J Thorac Oncol 5: 702-706, 2010.

13 Miller AB, Hoogstraten B, Staquet M and Winkler A: Reporting
results of cancer treatment. Cancer 47: 207-214, 1981.

14 Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS,
Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT,
Christian MC and Gwyther SG: New guidelines to evaluate the
response to treatment in solid tumors. European Organization for
Research and Treatment of Cancer, National Cancer Institute of
the United States, National Cancer Institute of Canada. J Natl
Cancer Inst 92: 205-216, 2000.

15 National Cancer Institute. Cancer Therapy Evaluation Program:
CommonToxicity Criteria manual: Common Toxicity Criteria,
Version 2.0.  Available at http://ctep.cancer.gov/forms/
CTCManual_v4_10-4-99.pdf. Accessed March 24, 2005. 

Yamamoto et al: A Pooled Analysis of Cisplatin and S-1 in Treatment of NSCLC

2989



16 Chang A, Parikh P, Thongprasert S, Tan EH, Perng RP, Ganzon
D, Yang CH, Tsao CJ, Watkins C, Botwood N and Thatcher N:
Gefitinib (IRESSA) in patients of Asian origin with refractory
advanced non-small cell lung cancer: subset analysis from the
ISEL study. J Thorac Oncol 1: 847-855, 2006.

17 Mok TS, Wu YL, Thongprasert S, Yang CH, Chu DT, Saijo N,
Sunpaweravong P, Han B, Margono B, Ichinose Y, Nishiwaki Y,
Ohe Y, Yang JJ, Chewaskulyong B, Jiang H, Duffield EL,
Watkins CL, Armour AA and Fukuoka M: Gefitinib or
carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl J
Med 361: 947-957, 2009.

18 Hanna N, Pawel J, Reck M and Scagliotti G: Carboplatin/
paclitaxel with/without sorafenib In chemonaive patients with
stage IIIB-IV non-small cell lung cancer (NSCLC): interim
analysis (IA) results from a randomized phase III trial
(ESCAPE). J Thorac Oncol 3(4 suppl): S268, 2008.

19 Ceppi P, Volante M, Saviozzi S, Rapa I, Novello S, Cambieri A,
Lo Iacono M, Cappia S, Papotti M and Scagliotti GV: Squamous
cell carcinoma of the lung compared with other histotypes shows
higher messenger RNA and protein levels for thymidylate
synthase. Cancer 107: 1589-1596, 2006.

20 Fujiwara H, Terashima M, Irinoda T, Takagane A, Abe K,
Nakaya T, Yonezawa H, Oyama K, Takahashi M, Saito K,
Takechi T, Fukushima M and Shirasaka T: Superior antitumour
activity of S-1 in tumours with a high dihydropyrimidine
dehydrogenase activity. Eur J Cancer 39: 2387-2394, 2003.

21 Ichikawa W, Takahashi T, Suto K, Shirota Y, Nihei Z, Shimizu
M, Sasaki Y and Hirayama R: Simple combinations of 5-FU
pathway genes predict the outcome of metastatic gastric cancer
patients treated by S-1. Int J Cancer 119: 1927-1933, 2006.

22 Nakano J, Huang C, Liu D, Masuya D, Nakashima T, Yokomise
H, Ueno M, Wada H and Fukushima M: Evaluations of
biomarkers associated with 5-FU sensitivity for non-small cell
lung cancer patients postoperatively treated with UFT. Br J
Cancer 95: 607-615, 2006.

23 Ohyanagi F, Yamamoto N, Horiike A, Harada H, Kozuka T,
Murakami H, Gomi K, Takahashi T, Morota M, Nishimura T,
Endo M, Nakamura Y, Tsuya A, Horai T and Nishio M: Phase
II trial of S-1 and cisplatin with concurrent radiotherapy for
locally advanced non-small cell lung cancer. Br J Cancer 101:
225-231, 2009.

Received May 11, 2010
Revised June 11, 2010

Accepted June 16, 2010

ANTICANCER RESEARCH 30: 2985-2990 (2010)

2990


