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Abstract. To evaluate the efficacy and safety of S‑1 mono-
therapy, S‑1‑containing combined chemotherapy and 
S‑1 containing chemoradiotherapy for non‑small cell lung 
cancer (NSCLC), a population‑based observational study 
was performed. The efficacy and safety of the chemothera-
pies were evaluated at 13 institutes in a prefecture of Japan 
between April 2011 and March 2015. Datasets were obtained 
from 282 patients with NSCLC. For either wild‑type or mutated 
epidermal growth factor receptor (EGFR), these three therapy 
groups generated almost identical response results and toxicity 
profiles as those in previously reported clinical trials, although 
the present study appeared to have slightly lower survival 
rates compared with those in the previous clinical trials. This 
may be due to the inclusion of patients in poor condition, and 
S‑1 therapy being administered in the second, or later, line of 
therapy. In conclusion, the present study has confirmed that 
S‑1‑containing chemotherapy is effective against wild‑ and 
mutated‑type EGFR NSCLC, and it is also tolerable in clinical 
practice.

Introduction

In current clinical practice, epidermal growth factor 
receptor‑tyrosine kinase inhibitor (EGFR‑TKI) is the treat-
ment of choice for patients with advanced non‑small cell 
lung cancer (NSCLC) who possess the EGFR mutation. 
On the other hand, platinum‑based doublet regimens with 
third‑generation agents continues to be the standard of care 
for those with the EGFR wild‑type tumor, or who are of 
unknown EGFR status. S‑1, one of the third‑generation agents, 
is an oral fluoropyrimidine consisting of tegafur (a prodrug of 
fluorouracil), 5‑chloro‑2,4‑dihydropyrimidine (CDHP) and 
potassium oxonate. CDHP is an inhibitor of dihydropyrimi-
dine dehydrogenase, which is the rate‑limiting enzyme for 
the degradation of fluorouracil (1). S‑1 was shown to produce 
an active response as a single agent for metastatic NSCLC 
with minimal toxicity (2,3). S‑1 has been launched for use 
as a first‑line chemotherapy (4) and a second or third‑line 
chemotherapy (5) in advanced stages of the disease, and 
chemoradiotherapy for stage III (6).

In spite of these advances in clinical practice, no 
population‑based study on S‑1‑containing chemotherapy for 
patients with NSCLC, including elderly patients, has yet been 
conducted. A major goal of clinical trials is to identify treatment 
modalities that are able to improve the survival rate and be 
extrapolated into general clinical practice. Cancer survival 
statistics are predominantly derived from institutional series 
or clinical trials, and notably, for such studies, populations 
of patients are selected. Trials tend to be restrictive with 
respect to the eligibility criteria, and this, in combination 
with possible referral and investigator screening biases, 
results in the inclusion of a more favorable prognostic group 
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of patients than would be expected in the general population 
of patients with NSCLC. These selected populations may 
create a potentially artificial set of treatment standards and 
outcome expectations. On the other hand, population‑based 
studies exclude selection and referral biases. Several studies 
have examined this issue in certain cancer types (7‑14). In 
the present study, a population‑based observational study was 
performed to evaluate the efficacy and safety of S‑1‑containing 
chemotherapy for patients with NSCLC in a prefecture in 
Japan.

Patients and methods

Ibaraki Prefecture in Japan covers an area of 6,095 km2 and has 
a population of 3 million. This retrospective population‑based 
study included patients with NSCLC who had received S‑1 
chemotherapy at 16 hospitals in Ibaraki Prefecture between 
November 2009 and August 2011. All patients were required 
to have had a pathological or cytological diagnosis of NSCLC. 
Pathological diagnosis of lung cancer was defined according to 
the World Health Organization classification. A tumor‑lymph 
node‑metastasis (TNM) staging procedure, using head 
computed tomography (CT; performed on an Aquillion 64 
CT scanner; Toshiba, Tokyo, Japan) or magnetic resonance 
imaging (performed using a MAGNETOM Skyra 3T; 
Siemens Healthcare Japan, Tokyo, Japan), bone scans, and 
ultrasonography (performed using the ARIETTA 70 system; 
Hitachi‑Aloka Medical, Tokyo, Japan)  and/or CT of the 
abdomen, was performed for all patients prior to starting the 
S‑1 treatment. Eligible patients were identified in the clinical 
database of each hospital, and the following information was 
extracted from their data: Patient demographics at the time 

of S‑1 therapy (age, gender, smoking history, histology and 
stage) and objective tumor response. The tumor response was 
evaluated according to the Response Evaluation Criteria in 
Solid Tumors (RECIST). The performance status (PS) was 
assigned according to the Eastern Cooperative Oncology 
Group scale (Common Toxicity Criteria, Version 2.0; 
published on April 30, 1999). Toxicity was graded according 
to the National Cancer Institute Common Toxicity Criteria, 
version 3.0 (15).

According to the three treatment methods (S‑1 monotherapy, 
S‑1‑containing combined chemotherapy and S‑1‑containing 
chemoradiotherapy) and the two EGFR mutation statuses 
(wild‑type and unknown EGFR, and mutated‑type EGFR), the 
patients were divided into six groups: Monotherapy‑EGFR (‑), 
monotherapy‑EGFR (+), combined chemo‑EGFR (‑), 
combined chemo‑EGFR (+), chemoradiotherapy‑EGFR (‑) 
and chemoradiotherapy‑EGFR (+). Taking the EGFR muta-
tion status into consideration, the response rate, the time to 
treatment failure (TTF), and overall survival (OS) following 
the initiation of S‑1 therapy in each treatment group with or 
without the EGFR mutation were evaluated.

The present observational study conformed to the Ethical 
Guidelines for Clinical Studies issued by the Ministry of 
Health, Labor and Welfare of Japan. The ethical approval for 
this study was obtained from IRB in the Mito Medical Center, 
University of Tsukuba (nos. 13‑16).

Differences in proportions between two independent 
groups were compared using the Chi‑squared test. P<0.05 
was considered to indicate a statistically significant value. The 
probability of survival was estimated using the Kaplan‑Meier 
method, and the data were compared using the log‑rank test. 
In multivariate analysis, Cox's proportional model was used.

Table I. Patient characteristics.

  S‑1‑containing S‑1‑containing
 S‑1‑containing monotherapy combined chemotherapy chemoradiotherapy
 ----------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------
Parameter EGFR (‑) EGFR (+)  EGFR (‑) EGFR (+)  EGFR (‑)  EGFR (+)

No. of patients 140 24  73  11 31 3
Age, median (year) 68 67  70  76 68  65
Gender (M:F) 106:34 12:12 65:8 5:6  26:5 1:2
Pathology (%)
  AD  78 (55.7) 21 (87.5) 13 (17.8) 11 (100)  16 (51.6) 3 (100)
  Others 62 (44.3) 3 (12.5) 60 (82.2)  0 (0) 15 (48.8)  0 (0)
BSA, median (m2) 1.53  1.50 1.58 1.38  1.60 1.57
PS (%)
  0‑1 89 (63.6) 14 (56.3) 49 (58.3) 7 (63.6) 23 (74.2) 3 (100)
  2‑3 51 (36.4) 10 (43.7) 24 (41.7) 4 (36.4) 8 (25.8)  0 (0)
No. of rounds of
prior chemotherapy (%)
  0‑1 65 (39.6) 3 (12.5) 58 (79.5) 3 (27.3) 28 (90.3) 3 (100)
  ≥2 75 (60.4) 21 (87.5) 15 (20.5) 8 (72.7) 3 (9.7) 0 (0)

EGFR, epidermal growth factor receptor; M:F, male:female; AD, adenocarcinoma; BSA, body surface area; PS, performance status.
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Results

Patient characterist ics.  Data sets were obtained 
from 282 patients with NSCLC (Table I). These patients 
were divided into 164 (58.2%) in the monotherapy group 
[140 EGFR (‑) and 24 EGFR (+)], 84 (29.8%) in the 
S‑1‑containing combined chemotherapy group [73 EGFR (‑) 
and 11 EGFR (+)], and 34 (12.1%) in the S‑1‑containing 
chemoradiotherapy group [31 EGFR (‑) and 3 EGFR (+)]. The 
median age of each treatment group was ~68‑70 years. The S‑1 
monotherapy and S‑1‑containing chemoradiotherapy groups 
had a higher proportion of adenocarcinoma compared with 
that of the S‑1‑containing combined chemotherapy group, 
respectively (P=0.0001 and P=0.0005). For the EGFR (‑) 
patients, the monotherapy group had a higher proportion 
of patients with prior chemotherapy (>1) than other two 
therapy groups (P=0.0001 and P=0.0001, compared with the 
S‑1‑containing combined chemotherapy and S‑1‑containing 
chemoradiotherapy groups, respectively). For the EGFR (+) 

patients, the S‑1 monotherapy group had a higher proportion 
of patients with prior chemotherapy (>1) compared with that 
in the S‑1‑containing chemoradiotherapy group (P=0.0064). 
In the S‑1 monotherapy and S‑1‑containing combined chemo-
therapy groups, patients with the wild‑type EGFR had a higher 
proportion of patients with prior chemotherapy (>1) compared 
with those in the S‑1 monotherapy and S‑1‑containing 
combined chemotherapy groups who had received 0‑1 rounds 
of chemotherapy (P=0.0001 and P=0.0003, respectively).

S‑1 therapy. Table II shows the initial dose (ID) of S‑1 
(ID‑S‑1), the ID‑S‑1/body surface area (BSA) of the patients, 
the proportion of patients administered with a drug regimen 
of ῾twice daily for 14 consecutive days followed by a 2‑week 
rest period ,̓ and the proportion of patients who experienced 
dose reduction during the course of the clinical treatment. For 
the EGFR (‑) patients, the S‑1‑containing combined chemo-
radiotherapy group had a higher ID/BSA compared with that 
in the S‑1 monotherapy group (71.4 vs. 68.6, P=0.0290). In 

Table II. S‑1 therapy.

  S‑1‑containing S‑1‑containing
 S‑1‑containing monotherapy combined chemotherapy chemoradiotherapy
 ----------------------------------------------------- ----------------------------------------------------- ---------------------------------------------------
Parameter EGFR (‑) EGFR (+)  EGFR (‑) EGFR (+)  EGFR (‑)  EGFR (+)

Initial dose of S‑1 (%)
  ≤100 mg 81 (49.4) 14 (58.3) 38 (52.1) 9 (81.8) 12 (38.7) 0 (0)
  >100 mg 59 (50.6) 10 (41.7) 35 (47.9) 92 (18.2) 19 (61.3) 0 (0)
Initial dose/BSA,  68.6 71.9 70.8 72.5 71.4 77.9
  median (mg/m2)  
Gender (M:F) 106:34 12:12 65:8 5:6  26:5 1:2
Prescription (%)
  2 Wks taking, 2 Wks rest 56 (40) 6 (25) 36 (49.3) 1 (9.1) 23 (74.2) 1 (33.3)
  Others 84 (60) 18 (75) 37 (50.7)  10 (90.9) 8 (25.8) 2 (66.7)
  BSA, median (m2) 1.53  1.50 1.58 1.38 1.60 1.57
Dose reduction of S‑1 (%)
  Present 7 (5) 4 (16.7) 9 (12.3) 1 (9.1) 7 (22.6) 0 (0)
  Absent 133 (95) 20 (83.3) 64 (87.7) 10 (90.9) 24 (77.4) 3 (100)
 
EGFR, epidermal growth factor receptor; M:F, male:female; BSA, body surface area; Wks, weeks.

Table III. Response and survival rates of S‑1 therapy.

   S‑1‑containing S‑1‑containing
 S‑1‑containing monotherapy combined chemotherapy chemoradiotherapy
 ---------------------------------------------------- -------------------------------------------------- ---------------------------------------------------
Parameter EGFR (‑) EGFR (+)  EGFR (‑) EGFR (+)  EGFR (‑)  EGFR (+)

Response rate (%) 6.7 4.2 24.7   0 58.1   0
Disease control rate (%) 50.7 45.8 69.9 54.5 83.9 66.7
Time to failure, months   2    2    3    3    8    8 
BSA, median (m2), months 10    8  13  28 28 13

EGFR, epidermal growth factor receptor; BSA, body surface area.
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the S‑1 containing monochemotherapy group, patients with 
EGFR (+) had a higher ID/BSA compared with those with 
EGFR (‑) treated with S‑1‑containing S‑1 monotherapy 
(71.9 vs. 68.6; P=0.0173). The S‑1‑containing chemoradio-
therapy group had a higher proportion of patients in the ῾twice 
daily for 14 consecutive days followed by a 2‑week rest period᾿ 
category compared with those in other two therapy groups 
(P=0.0004 and P=0.0090, respectively). The S‑1‑containing 
chemoradiotherapy group had a higher proportion of patients 
with dose reduction during the course of the clinical treatment 
compared with that in the monotherapy group (P=0.0104).

Response and survival rates in the S‑1 monotherapy group. 
For the 140 EGFR (‑) patients, the response rate [RR, equal 
to the complete response (CR) + partial response (PR)], the 
disease control rate [DCR, equal to the CR + PR + stable 
disease (SD)], the TTF and OS following the initiation of 
S‑1 therapy were 6.7%, 50.7%, 2 months and 10 months 
respectively (Table III). For the 24 EGFR (+) patients, these 
parameters were 4.2%, 45.8%, 2 months and 8 months, 
respectively (Table III). No statistical differences in these 
parameters were identified between patients with or without 
the EGFR mutation status.

Response and survival rates in the S‑1‑containing combined 
chemotherapy group. For the 73 EGFR (‑) patients, the 
RR, DCR, TTF and OS following the initiation of S‑1 
therapy were 24.7%, 69.9%, 3 months and 13 months, 
respectively (Table III). For the 11 EGFR (+) patients, the 
parameters were 0%, 54.5%, 3 months and 28 months, respec-
tively (Table III). OS following the initiation of the S‑1 therapy 
in patients with EGFR (‑) was lower compared with that in 
patients with EGFR (+) (P=0.0041).

Response and survival rates in the S‑1‑containing chemo‑
radiotherapy group. For the 31 EGFR (‑) patients, the RR, 
DCR, TTF and OS following the initiation of S‑1 therapy 
were 58.1%, 83.9%, 8 months and 28 months, respectively 
(Table III). For the 3 EGFR (+) patients, these parameters 
were 0%, 66.7%, 8 months and 13 months, respectively 
(Table III). No statistical differences in these parameters were 
identified between patients with or without the EGFR muta-
tion status.

Toxicity in the three therapy groups. Toxicities are shown in 
Table IV. The most common toxicities were hematological, 
gastrointestinal and skin toxicities. Esophagitis and pulmo-
nary toxicity were observed in a patient in the S‑1‑containing 
chemoradiotherapy group. No treatment‑associated mortali-
ties were recorded.

Uni‑and multivariate analysis. To identify the prognostic 
factors, uni‑ and multivariate analysis were analyzed using 
the variables below in the three therapy groups: Age (<70 or 
≥70 years), gender, pathology (adenocarcinoma, others), PS 
(0‑1, ≥2), the TNM stage (IIIA‑B, IV), number of rounds of 
prior chemotherapy (0‑1, ≥2), ID (up to 100 mg, ≥100 mg), 
ID/BSA (70 mg/m2 or more, <70 mg/m2) and dose reduction 
(absent, present). In the univariate analysis, statistical differ-
ences were identified for PS (P=0.0011), prior chemotherapy 

(P=0.0397), ID (P=0.0474) in the S‑1 monotherapy group 
with EGFR (‑), although PS was the only prognostic factor 
shown to be statistically different in the multivariate analysis 
(P=0.0115). In the univariate analysis, statistical differences 
were only identified for pathology (P=0.0055) in the S‑1 
monotherapy‑EGFR (+) group, and for  PS (P=0.0008) in the 
S‑1‑containing combined chemotherapy EGFR (+) group.

Discussion

The availability of agents that target the EGFR tyrosine kinase 
has provided promising clinical benefits in specific subpopu-
lations of NSCLC. At present, first‑ and second‑generation 
EGFR‑TKIs are available for clinical use. Even though a 
strong consensus exists on the use of EGFR‑TKI as the treat-
ment in patients with EGFR‑mutated tumors, only ~10‑30% of 
patients with NSCLC have mutated EGFR (16,17). Therefore, 
platinum‑based doublet chemotherapy continues to provide 
the standard of care for those patients with EGFR wild‑type 
tumors or who have unknown EGFR status, and no clear differ-
ences were identified in OS between patients with or without 
the EGFR mutation status. In the present study, therefore, 
TTF and OS following S‑1 therapy were evaluated, taking the 
EGFR mutation status into consideration for this purpose.

S‑1 was shown to produce an active response as a single 
agent for metastatic NSCLC with minimal toxicity (2,3,18). 
Kawahara et al (2) reported that S‑1 monotherapy had an RR 
of 22%, median response duration, 3.4 months, and OS of 22%. 
As a second‑line S‑1 monotherapy, the RR, progression‑free 
survival (PFS) and OS in two prospective phase II studies 
were 12.5%, 2.5 months, 8.2 months and 14%, and 4.2 months 
and 16.4 months, respectively (3,19). In addition, S‑1 has been 
evaluated in the combined setting with cisplatin (CDDP) or 
carboplatin (CBDCA) (19,20). A randomized phase III study 
in chemotherapy‑naïve patients was performed to assess 
whether treatment with S‑1 and CDDP was as effective as 
CDDP and docetaxel (DTX) (19). S‑1 and CDDP in combi-
nation were not inferior to CDDP and DTX with respect to 
OS [mean survival time (MST) 16.1 vs. 17.1 months, respec-
tively] (19). The non‑inferiority of S‑1/CBDCA compared 
with CBDCA/paclitaxel was confirmed for OS (MST, 15.2 
vs. 13.3 months, respectively) (20). As a chemoradiotherapy 
treatment, two phase II trials of S‑1 and CDDP combined with 
concurrent thoracic radiotherapy were evaluated in patients 
with locally advanced NSCLC (6,21). The RR, PFS and OS of 
the trials were 82%, 20 months, and not reached at a follow‑up 
time, and 88%, 12 months and 33.1 months, respectively (6,21).

In the monotherapy group in the present study, OS following 
S‑1 therapy was lower compared with those in previous clinical 
trials (2,3,18). This may be due to the inclusion of patients with 
second‑, or a later, line of S‑1 monotherapy in the present study. 
In the S‑1‑containing combined chemotherapy group, OS 
following S‑1 therapy in EGFR (‑) patients was lower compared 
with that in patients with EGFR (+). This result apparently was 
associated with the effect of TKIs administered following S‑1 
therapy. In the S‑1‑containing chemoradiotherapy group, OS 
following S‑1 therapy appeared to be lower compared with 
those in the clinical trials previously reported (6,20). This may 
be due to the inclusion of patients with stage IV cancer (41.2%) 
and those with PS 2‑3 (23.5%) in the present study.
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Population‑based studies are useful to evaluate the 
applicability and impact of clinical trials in clinical practice. 
A burgeoning body of evidence from a number of popula-
tion‑based studies has demonstrated considerable variability 
in standard treatment and survival rates for patients with lung 
cancer (7‑14). However, no population‑based study has been 
performed on S‑1‑containing chemotherapy.

In the present era of evidence‑based medicine, therapeutic 
modalities are evaluated within a paradigm in which clinical 
trial outcomes are extrapolated from a select group to the 
population as a whole. Although the logic of this approach 
may be correct, it is very important to be able to evaluate how 
applicable the results are to the population as a whole. Clinical 
trials rarely provide an estimate of the number of patients for 
whom a given therapy may be appropriate, or the denominator 
of applicability. Therefore, the efficacy and safety of the 
therapy must be confirmed in a certain number of unselected 
patients throughout the population.

The present study had certain limitations. The retrospective 
design, without a large number of patients, limited the extent to 
which these results may be applied to the population at large. 
However, the results obtained in our population‑based study 
were comparable with those reported in previously published 
clinical trials, particularly with respect to the RR, TTF and OS 
following the initiation of S‑1 therapy, and the adverse effects. 
It seems reasonable that novel treatment modalities should 
also be evaluated by population‑based studies, since clinical 
trials tend to include highly selected populations that are not 
representative of oncology patients in general.
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