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Abstract. S-1, an oral fluoropyrimidine derivative, has been 
approved for the treatment of non-small cell lung cancer 
(NSCLC) in Japan. In the present study, the efficacy and safety 
of S-1 monotherapy for elderly patients with previously treated 
NSCLC were retrospectively evaluated, and the efficacy of 
S-1 monotherapy was compared by histopathological type. 
This retrospective study included 54 patients with advanced 
or recurrent NSCLC who had received S-1 monotherapy 
following the failure of previous chemotherapy regimens at our 
institutes. Patient outcomes were compared based on their age 
and histopathological type. S-1 was administered orally, twice 
daily, while the duration and interval were modified according 
to the medical condition of each patient. The default delivery 
schedule, the mean number of S-1 cycles, did not differ signifi-
cantly between the two age groups (<70 and ≥70 years). The 
rate of therapy discontinuation, schedule modification or dose 
reduction due to intolerable toxicities or patient refusal was 
relatively frequent in the older group (40.7 and 55.6% for ages 
<70 and ≥70 years, respectively; p=0.414), and the incidence 
of grade 3 anemia was relatively high in the older group (3.7 
and 18.5%, respectively; p=0.192). The response rates (13.0 and 
4.8%, respectively; p=0.609) and disease control rates (39.1 
and 33.3%, respectively; p=0.761) did not differ significantly 
between the two age groups. According to histopathological 
type, the disease control rate was significantly higher in adeno-
carcinoma (57.9%) compared to non-adenocarcinoma (20.0%, 
p=0.013). Thus, S-1 monotherapy may be equally effective and 
tolerated in patients <70 years and those ≥70 years. Additionally, 

adenocarcinoma may have a higher disease control rate than 
non-adenocarcinoma.

Introduction

S-1 is an oral anticancer drug that consists of tegafur, 5-chloro-2, 
4-dihydroxypyridine (CDHP), and potassium oxonate in a molar 
ratio of 1:0.4:1. Tegafur is a prodrug of 5-fluorouracil (5-FU), 
and CDHP reversibly inhibits the activity of dihydropyrimidine 
dehydrogenase (DPD), an enzyme involved in the degradation 
of 5-FU. Potassium oxonate inhibits the phosphorylation of 
5-FU in the gastrointestinal tract and reduces gastrointestinal 
toxicities (1).

In Japan, S-1 has been approved for the treatment of 
non‑small cell lung cancer (NSCLC), either alone or in combi-
nation with platinum compounds. However, the roles and value 
of S-1 monotherapy in the treatment of NSCLC have not yet 
been clearly defined. A phase II trial showed the efficacy of S-1 
monotherapy for patients with chemotherapy-naïve NSCLC, 
with an overall response rate of 22.0%, a median survival 
time (MST) of 10.2 months, and relatively high efficacy in 
adenocarcinoma (2). Recently, Okamoto et al demonstrated the 
non-inferiority of carboplatin plus S-1 relative to carboplatin 
plus paclitaxel in terms of overall survival (OS) for patients 
with advanced NSCLC (3). Therefore, the carboplatin and S-1 
combination has become a therapeutic option for the first-line 
treatment of advanced NSCLC.

Previously, we reported the efficacy of S-1 monotherapy 
for NSCLC following the failure of prior chemotherapy (4). In 
the present study, the efficacy and safety of S-1 monotherapy 
for previously treated NSCLC was evaluated with respect 
to age (<70 years as the younger group and ≥70 years as 
the older group), and the efficacy of S-1 monotherapy was 
compared between histopathological types (adenocarcinoma 
vs. non‑adenocarcinoma).

Patients and methods

Patient selection. This retrospective study included patients 
with advanced or recurrent NSCLC who received S-1 
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monotherapy following the failure of previous systemic 
chemotherapy at Nagoya City University Hospital and Gifu 
Prefectural Tajimi Hospital (Japan) between March 2004 and 
October 2010. Patients were required to fulfill the following 
criteria: failure of one or more regimens of systemic chemo-
therapy prior to S-1 administration, Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) of 0 to 2, 
and adequate bone marrow, renal and liver function. Patients 
with other active malignancies were excluded. The medical 
records of eligible patients were reviewed retrospectively, and 
patients were observed until January 6, 2011. Approval for the 
study was obtained from our institutional ethics committee.

Treatment method. S-1 was administrated orally, twice daily 
following meals, for 4 weeks (on days 1 to 28), followed by 

2 weeks of rest, every 6 weeks. The dose of S-1 was determined 
according to body surface area (BSA) as follows: 80 mg/day 
for BSA <1.25 m2, 100 mg/day for 1.25 m2 ≤ BSA <1.50 m2, or 
120 mg/day for BSA ≥1.50 m2. The schedule and dose for each 
patient were modified according to the medical condition or 
toxicities observed in the previous chemotherapy regimens or 
S-1 cycles. Administration of S-1 was continued unless there 
was confirmed disease progression, intolerable toxicities or 
patient refusal.

Evaluation and statistical analysis. Tumor responses were 
assessed according to the Response Evaluation Criteria in 
Solid Tumors. Patients who could not receive S-1 for at least 
14 days were excluded from response and survival assessments. 
Progression-free survival (PFS) was calculated from the 

Table I. Patient characteristics.

Characteristic	 Age <70 years (n=27)	 Age ≥70 years (n=27)	 p-valuea

	 -------------------------------------------	 ------------------------------------------
	 No.	 (%)	 No.	 (%)

Median age, years (range)	 61	 (41-69)	 73	 (70-82)
Gender
  Male	 17	 63.0	 21	 77.8	 0.372
  Female	 10	 37.0	   6	 22.2
Performance status (ECOG)
  0	 8	 29.6	   8	 29.6
  1	 17	 63.0	 16	 59.3	 1.000
  2	 2	   7.4	   3	 11.1
Smoking history
  Current or ever smoker	 16	 59.3	 20	 74.1
  Never smoked	 9	 33.3	   5	 18.5	 0.512
  Unknown	 2	   7.4	   2	   7.4
Histopathological type
  Adenocarcinoma	 13	 48.1	 12	 44.4
  Squamous cell carcinoma	 10	 37.0	 12	 44.4	 0.868
  NSCLC, not specified	 4	 14.8	   3	 11.1
Stage of disease
  IIIA/IIIB	 5	 18.5	   9	 33.3	 0.352
  IV	 22	 81.5	 18	 66.7
Number of prior regimens
  1	 0	  0 	   4	 14.8
  2	 8	 29.6	   9	 33.3
  3	 8	 29.6	   6	 22.2
  4	 5	 18.5	   6	 22.2	 0.249
  5	 5	 18.5	   2	   7.4
  6	 0	  0 	   0	  0
  7	 1	   3.7	   0	  0
EGFR mutation/deletion
  +	 2	   7.4	   2	   7.4
  -	 4	 14.8 	   6	 22.2	  0.893
  Unknown	 21	 77.8 	 19	 70.4

aFisher's exact test. ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small cell lung cancer; EGFR, epidermal growth factor receptor.
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date of the first day of S-1 monotherapy and the date of disease 
progression, and OS was calculated from the date of the first 
day of S-1 monotherapy and the date of mortality from any 
cause or the last follow-up. Treatment-related toxicities were 
assessed according to the Common Terminology Criteria for 
Adverse Events (CTCAE) version 3.0. Baseline characteristics, 
treatment method, response rate and toxicity were compared 
by Fisher's exact test. Survival time was compared using the 
log-rank test. The mean number of prior regimens, S-1 cycles 
and subsequent regimens were compared using the two-tailed 
Student's t-test. Probability values of <0.05 were considered to 
be statistically significant.

Results

Patient characteristics. The clinical characteristics of 
the patients are shown in Table I. Of the total 54 patients, 
27 patients (50%) were <70 years of age (median 61 years; 
range 41-69 years) and 27 patients (50%) were ≥70 years 
of age (median 73 years; range 70-82 years). PS, smoking 
history, histopathological type and number of prior regimens 
did not differ significantly between the two age groups. 
The incidence of clinical stage IV was relatively high in the 
younger group (81.5%) compared to the older group (66.7%, 
p=0.352). Epidermal growth factor receptor (EGFR) gene 
abnormality was examined only in 6 patients in the younger 
group (2 patients were harboring the deletion of exon 19 and 
4 patients had wild-type EGFR), and in eight patients in the 
older group (2 patients were harboring the deletion of exon 19 
and 6 patients had wild-type EGFR).

Treatment delivery. In the younger group, 26 patients (96.3%) 
received the standard S-1 regimen (4 weeks administration 
followed by 2 weeks of rest, every 6 weeks) and 1 patient 
(3.7%) received the modified S-1 regimen (2 weeks adminis-
tration followed by 1 week of rest, every 3 weeks) for the first 
S-1 cycle. In the older group, 23 patients (85.2%) received the 
standard S-1 regimen and 4 patients (14.8%) received modi-
fied S-1 regimens (1 patient received 3 weeks administration 

followed by 2 weeks of rest, every 5 weeks, and 3 patients 
received 2 weeks administration followed by 1 week of rest, 
every 3 weeks) for the first S-1 cycle. The mean number of S-1 
cycles did not differ significantly between the two age groups 
(2.67 for the younger group and 2.48 for the older group, 
p=0.734). Therapy discontinuation, schedule modification or 
dose reduction due to intolerable toxicities or patient refusal 
was observed in 11 patients (40.7%) in the younger group and 
15 patients (55.6%) in the older group (p=0.414), and all of 
them received the standard S-1 regimen. At the end of the 
observation period, all 54 patients were no longer receiving 
S-1 monotherapy. Therapy discontinuation was due to disease 
progression (41 patients), intolerable toxicities (12 patients) and 
patient refusal of treatment (1 patient).

Toxicity. Treatment-related toxicities are shown in Table II. 
Grade 3 neutropenia was observed in 2 patients (7.4%) in 
the younger group and no patients (0%) in the older group 
(p=0.491). Grade 3 anemia was observed in 1 patient (3.7%) 
in the younger group and 5 patients (18.5%) in the older group 
(p=0.192). Grade 4 hematological toxicity was not observed in 
either of the groups. The incidence of grade 2 to 4 non‑hemato
logical toxicities did not differ significantly between the two 
age groups, and the incidence of grade 3 or 4 non-hematological 
toxicities was very low. Toxicities by default delivery schedule 
did not differ significantly between the two age groups 
(Table III). No death related to S-1 monotherapy occurred.

Efficacy. Of the total 54 patients, treatment response and survival 
were not assessed in 10 patients who were unable to receive 
S-1 for at least 14 days. Among the 44 remaining patients, the 
response rates (13.0% for the younger group and 4.8% for the 
older group, p=0.609) and the disease control rates (39.1 and 
33.3%, p=0.761) did not differ significantly between the two 
age groups (Table IV). The median PFS was 3.5 months in the 
younger group and 2.5 months in the older group. The MST 
was 15.1 months in the younger group and 6.0 months in the 
older group. Neither PFS nor OS differed significantly between 
the two age groups (PFS, p=0.115; OS, p=0.187). According to 

Table III. Toxicities by age group and default delivery schedule.

	 Age <70 years (n=27)	 Age ≥70 years (n=27)
	 -------------------------------------------------------	 ------------------------------------------------------
	 ≥Grade 3 hematological or	  ≥Grade 3 hematological or
	 ≥Grade 2 non-hematological	 (%)	 ≥Grade 2 non-hematological	 (%)	 p-valuea

	 toxicities (no.)	 toxicities (no.)

Default delivery schedule
  4 weeks administration
  (2 weeks of rest)	 10/26	 38.5 	 13/23	 56.5 	 0.258 
  3 weeks administration 
  (2 weeks of rest)	 0/0	 0 	 1/1	 100 	 NE
  2 weeks administration 
  (1 week of rest)	 1/1	 100 	 3/3	 100 	 NE
Total	 11/27	 40.7 	 17/27	 63.0 	 0.173 

aFisher's exact test; NE, not evaluable.
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Table IV. Response and survival by age group.

	 Age <70 years (n=23)	 Age ≥70 years (n=21)	 p-value
	 --------------------------------------------------------	 -------------------------------------------------------
	 No.		  (%)	 No.		  (%)	

Response
  CR	 0		  0.0	 0		  0.0 	 -
  PR	 3		  13.0	 1		  4.8 	 -
  SD	 6		  26.1	 6		  28.6 	 -
  PD	 14		  60.9	 14		  66.7 	 -
  RR (CR+PR)	 3		  13.0	 1		  4.8 	 0.609a

  DCR (CR+PR+SD)	 9		  39.1	 7		  33.3 	 0.761a

							     
Median PFS (months)		  3.5			   2.5		  -
MST (months)		  15.1			   6.0		  -
							     
Mean no. prior regimens (range)		  3.4 (2-7)			   2.6 (1-5)		  0.061b

Mean no. subsequent regimens (range)		  1.3 (0-4)			   0.6 (0-3)		  0.029b

aFisher's exact test; bStudent's t-test. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR, response 
rate; DCR, disease control rate; PFS, progression-free survival; MST, median survival time.

Table V. Response and survival by histopathological type.

	 Adenocarcinoma (n=19)	 Non-adenocarcinoma (n=25)	 p-value
	 -----------------------------------------------------------	 ------------------------------------------------------------
	 No.		  (%)	 No.		  (%)

Response
  CR	 0		  0.0 	 0		  0.0 	 -
  PR	 3		  15.8 	 1		  4.0 	 -
  SD	 8		  42.1 	 4		  16.0 	 -
  PD	 8		  42.1 	 20		  80.0 	 -
  RR (CR+PR)	 3		  15.8 	 1		  4.0 	 0.300a

  DCR (CR+PR+SD)	 11		  57.9 	 5		  20.0 	 0.013a

					   
Median PFS (months)		  4.2			   2.4		  -
MST (months)		  15.7			   6.1		  -
							     
Performance status (ECOG)						    
  0	 10		  52.6 	 6		  24.0 	
  1	 8		  42.1 	 15		  60.0 	 0.132a

  2	 1		  5.3 	 4		  16.0
							     
Stage of disease							     
  IIIA	 0		  0.0 	 2		  8.0 	
  IIIB	 3		  15.8 	 6		  24.0 	 0.461a

  IV	 16		  84.2 	 17		  68.0
							     
Mean age, years (range)		  64.5 (41-82)			   68.4 (53-81)		  0.163b

							     
Mean no. prior regimens (range)		  3.5 (1-7)			   2.6 (1-5)		  0.032b

Mean no. subsequent regimens (range)		  1.4 (0-4)			   0.7 (0-3)		  0.028b

aFisher's exact test; bStudent's t-test. CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; RR, response 
rate; DCR, disease control rate; PFS, progression-free survival; MST, median survival time; ECOG, Eastern Cooperative Oncology Group.
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histolopathological type (Table V), the response rates did not 
differ significantly between adenocarcinoma (15.8%) and non-
adenocarcinoma (4.0%, p=0.300), while the disease control 
rate was significantly higher for adenocarcinoma (57.9%) 
than for non-adenocarcinoma (20.0%, p=0.013). Median PFS 
was 4.2 months for adenocarcinoma and 2.4 months for non-
adenocarcinoma. MST was 15.7 months for adenocarcinoma 
and 6.1 months for non‑adenocarcinoma. Neither PFS nor 
OS differed significantly between the two histopathological 
groups (PFS, p=0.068; OS, p=0.684).

Discussion

In the present study, the efficacy and safety of S-1 monotherapy 
were retrospectively analyzed in patients with advanced or 
recurrent NSCLC who had previously received one or more 
regimens of chemotherapy. Of the total 54 patients, 49 (90.7%; 
26 in the younger group and 23 in the older group) received the 
standard S-1 regimen for the first S-1 cycle. Of these patients, 
the incidence of grade 3 hematological toxicities or grade 2-4  
non-hematological toxicities was 38.5% in the younger group 
and 56.5% in the older group (p=0.258). Additionally, therapy 
discontinuation, schedule modification or dose reduction due 
to intolerable toxicities or patient refusal was observed in 
11 (42.3%) in the younger group and 15 (65.2%) in the older 
group (p=0.154). These findings suggest a relatively increased 
susceptibility to toxicities in older patients who received the 
standard regimen. Recently, a modified S-1 regimen (2 weeks 
administration followed by 1 week of rest, every 3 weeks) 
has been reported to be effective and well tolerated in elderly 
patients with NSCLC (5). Therefore, modified S-1 regimens 
for elderly patients should be further investigated.

The response rates, disease control rates, PFS and OS 
did not differ significantly between the two age groups. 
Furthermore, the response rates did not differ significantly 
between the two histopathological groups, whereas the 
disease control rate was significantly higher for adenocarci-
noma (57.9%) than for non‑adenocarcinoma patients (20.0%, 
p=0.013). Although neither PFS nor OS differed significantly 
between the two histopathological groups, the median PFS 
period was longer in adenocarcinoma (4.2 months) compared 
to non-adenocarcinoma (2.4 months).

The antitumor activity of S-1 is primarily derived from its 
antagonistic activity against thymidylate synthase (TS), which 
has been reported to have higher expression levels in squamous 
cell carcinoma than in non-squamous cell carcinoma (1,6). A 
number of mechanisms, including a high TS expression level, 
have been reported in association with resistance to 5-FU 
and its derivatives  (7-11). Clinical investigations suggest a 
survival advantage for TS-targeting agents in patients with 
non-squamous cell carcinoma (12-13). The response advantage 
of S-1 monotherapy for adenocarcinoma in the present study 
may be due to the same mechanisms.

In conclusion, S-1 monotherapy appears to be equally 
effective and tolerated in younger and older patients with 
previously treated NSCLC, while the incidence of therapy 
discontinuation, schedule modification or dose reduction due 
to intolerable toxicities or patient refusal was relatively high in 
older patients, particularly in those who received the standard 
S-1 regimen. In addition, while prolongation of PFS or OS was 
not confirmed, S-1 monotherapy may provide a higher disease 
control rate for adenocarcinoma than for non-adenocarcinoma. 
To clarify these findings, further clinical, molecular biological 
and biopharmaceutical investigations are required.
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