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Abstract. S‑1 is an oral fluoropyrimidine agent used for the 
treatment of non‑small‑cell lung cancer (NSCLC). Although 
S‑1 monotherapy has been reported to exhibit lesser hematotox-
icity compared with other third‑generation chemotherapeutics, 
digestive toxicity was also frequently observed. Alternate‑day 
administration of S‑1 has shown a lower rate of severe digestive 
toxicity than the daily standard administration in patients with 
NSCLC. However, the safety of alternate‑day S‑1 therapy in 
elderly patients aged 75 years or older has not been investigated. 
The present study was a multi‑center and prospective feasibility 
study aimed to evaluate the safety of alternate‑day S‑1 therapy 
in elderly patients with NSCLC. The patients received S‑1 
orally twice daily for 4 days (Monday, Wednesday, Friday, and 
Sunday) every week until disease progression or unacceptable 
toxicity. The primary endpoint was safety, which was evaluated 
as the number of grade ≥3 adverse events, and the secondary 
endpoints were progression‑free survival (PFS), 1‑year survival, 
and disease control rate (DCR). A total of 10 patients were 
enrolled, but 2 patients failed to initiate the treatment protocol. 

Finally, 8 patients were treated with the study protocol regimen. 
No grade 3 or higher adverse events were observed. Four (50%) 
and 1 (12.5%) patient had grade 2 or lower digestive symptoms 
such as anorexia, diarrhea, or stomatitis and grade 1 lacrima-
tion, respectively. Moreover, 2 (25%), 1 (12.5%), and 1 (12.5%) 
patients had grade 2 renal dysfunction, grade 2 ileus, and elevated 
blood bilirubin, respectively. The median PFS was 1.5 months 
(95% confidence interval: 0.9‑1.8), and the 1‑year survival rate 
was 42.9%. The DCR was 12.5%. In conclusion, alternate‑day 
S‑1 administration can be a safe treatment regimen for elderly 
patients with NSCLC, but its therapeutic efficacy and safety for 
elderly patients with NSCLC should be compared against the 
standard S‑1 administration in a large‑scale study.

Introduction

Lung cancer is the most common cause of cancer‑related death 
worldwide (1), and the number of elderly patients aged 75 years 
or older with lung cancer is increasing. Previous studies have 
demonstrated that the incidence of chemotherapy‑related 
adverse events is higher in elderly patients with lung cancer 
than in non‑elderly patients (2,3). Discontinuing chemotherapy 
due to the adverse events would shorten the prognosis of 
the elderly patients with lung cancer. Thus, a chemotherapy 
drug with limited adverse effects should be selected for such 
patients.

Kinase inhibitors are the standard first‑line treat-
ment for elderly patients with advanced non‑small‑cell 
lung cancer (NSCLC) and driver mutations. Moreover, a 
programmed death‑1 antibody is considered in patients with 
high programmed death‑ligand 1 expression (tumor propor-
tion score of ≥50%) and also without driver mutation (4). 
Meanwhile, in patients without these conditions, monotherapy 
using third‑generation chemotherapy drugs, such as docetaxel 
(DTX), gemcitabine, and vinorelbine, is recommended (5-7).

S‑1 is an oral fluoropyrimidine agent containing the 
5‑fluorouracil prodrug tegafur and 2 enzyme inhibitors, 
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namely, 5‑chloro‑2, 4‑dihydroxypyridine and potassium 
oxonate, which can reduce the adverse effect of tegafur. S‑1 is 
approved for patients with gastric cancer in 7 Asian countries 
and 15 European countries. It is also approved for patients with 
8 type of cancers including NSCLC in Japan. A phase‑3 study 
compared the efficacy of S‑1 monotherapy with that of DTX 
for NSCLC patients previously treated with platinum‑based 
chemotherapy. The results revealed the non‑inferiority of S‑1 
to DTX in terms of overall survival (OS) (8). Therefore, S‑1 
monotherapy can be considered for first‑line chemotherapy of 
elderly patients with NSCLC.

S‑1 monotherapy has also showed lesser hematotoxic 
adverse events than other third‑generation chemotherapy drugs. 
Among NSCLC patients, the incidence of febrile neutropenia 
and grade 3 or higher neutropenia was lower in those admin-
istered with S‑1 than those who received DTX monotherapy 
(18.2% vs. 37.2%) (8). Thus, S‑1 can be safely administered 
to elderly patients. However, digestive toxicity was frequently 
observed (8,9). Diarrhea and oral mucositis have been shown 
to occur more frequently in patients receiving S‑1 than those 
receiving DTX (23.9% vs. 14.5%) (8), indicating that the diges-
tive toxicity of S‑1 should be reduced. As such, several studies 
have been conducted to this end.

The standard regimen for S‑1 monotherapy is 4 weeks 
of continuous oral administration followed by a 2‑week 
off period. A clinical study comprising previously treated 
NSCLC patients who underwent at least one chemotherapy 
regimen showed that the rates of severe diarrhea and appetite 
loss were significantly lower in the alternate‑day adminis-
tration than the standard S‑1 administration (9.7% vs. 0% 
and 19.4% vs. 0%, respectively). By contrast, no significant 
difference in the chemotherapeutic effect for NSCLC was 
observed. The median progression‑free survival (PFS) for the 
alternate‑day and standard administration groups was 2.1 vs. 
2.7 months (log‑rank test: P=0.49), and the median OS was 11 
vs. 12 months (log‑rank test: P=0.35) (10). In addition, alter-
nate‑day administration of S‑1 showed lesser adverse events 
than did the standard administration in Japanese patients with 
unresectable advanced pancreatic cancer in a multi‑center, 
randomized, phase II study (11).

In this study, we hypothesized that alternate‑day admin-
istration of S‑1 to elderly patients aged 75 years or older with 
previously treated advanced NSCLC will have fewer adverse 
events than the standard administration. To investigate this 
hypothesis, we conducted a multi‑center prospective feasibility 
study to evaluate the rate of adverse events in elderly patients 
with NSCLC treated with alternate‑day S‑1 administration.

Materials and methods

Study design and eligibility criteria. The present study was 
designed as a multi‑center and prospective feasibility study. 
We enrolled the patients from Hiroshima Prefectural Hospital, 
Hiroshima City Asa Citizens' Hospital, and Hiroshima 
University Hospital between January 2014 and January 2016 
according to the following eligibility criteria: Histologically 
or cytologically confirmed diagnosis of NSCLC; Stage IIIB 
and IV disease according to the Union for International 
Cancer Control TNM Classification of Malignant Tumors 7th 
edition (12), an Eastern Cooperative Oncology Group, perfor-

mance status (ECOG PS) of 0‑1, an age of ≥75 years, ability 
to take drugs orally, and an estimated life expectancy of at 
least 3 months. The patients had received one or two regimens 
of chemotherapy and two or three regimens if epidermal 
growth factor receptor (EGFR) tyrosine kinase inhibitors 
were used. Physical examinations within 14 days after the 
registration showed all included patients had adequate organ 
functions according to the following parameters: Leukocyte 
count ≥3,500/mm3; neutrophil count ≥1,500/mm3; platelet 
count ≥100,000/mm3; hemoglobin ≥9.0 g/dl; total bilirubin 
≤1.5 mg/dl; aspartate aminotransferase and alanine amino-
transferase ≤2.5 x upper limit of normal; serum creatinine 
<1.5 mg/dl; and creatinine clearance (CCr) ≥50 ml/min. 
Although the eligibility criteria included stage IIIB and IV, 
incidentally only patients with stage IV were enrolled in this 
study.

Patients were excluded if they had radiographically 
confirmed interstitial pneumonia or pulmonary fibrosis, a 
massive pleural or pericardial effusion or ascites requiring 
drainage, active double cancer, severe complications, ileus, 
poorly controlled diabetes, poorly controlled myocardial 
infraction within 6 months, symptomatic brain metastasis, 
concomitant treatment with flucytosine, psychiatric disorder, 
previous severe drug allergy (≥grade 3), previous treatment 
with fluoropyrimidine, pregnant or possibly pregnant, active 
hepatitis B virus infection, and if the physician concluded that 
the patient's participation in this trial was inappropriate.

Treatment schedule. The patients received S‑1 orally twice 
daily for 4 days (Monday, Wednesday, Friday, and Sunday) 
a week (Fig. 1). The dose of S‑1 administered per day was 
based on the patient's body surface area as follows: <1.25 m2, 
40x2 mg; 1.25‑1.5 m2, 50x2 mg; >1.5 m2, 60x2 mg. The 
regimen was continued until progressive disease (PD) or unac-
ceptable toxicity was observed. The criteria of dose reduction 
were as follows: Leukocyte count ≤1,000/mm3; neutrophil 
count ≤500/mm3; platelet count ≤25,000/mm3; total bilirubin 
≥2.0 mg/dl; serum creatinine ≥ upper limit of normal; and 
grade 3 or higher non‑hematologic toxicity. Meanwhile, the 
criteria to continue administration were as follows: Leuko-
cyte count ≥2,000/mm3; neutrophil count ≥1,000/mm3; 
platelet count ≥50,000/mm3; total bilirubin ≤2.0 mg/dl; CCr 
≥50 ml/min and grade1 or lower diarrhea or stomatitis, grade 2 
or lower other non‑hematologic toxicity.

Evaluation of efficacy and toxicity. Tumor response was 
evaluated every 8 weeks according to the Response Evaluation 
Criteria in Solid Tumors guideline version 1.1. PFS was 
defined as the period from enrollment until the date of confir-
mation of PD or death as a result of any cause. Toxicity was 
evaluated based on the National Cancer Institute Common 
Terminology Criteria for Adverse Events, version 4.0 Japanese 
edition, Japan Clinical Oncology Group version (13). Disease 
control rate (DCR) was defined as the percentage of patients 
who obtained complete response, partial response, and stable 
disease (SD) from the treatment.

Study endpoints and statistical analysis. The primary endpoint 
was safety and was evaluated by calculating the proportion of 
≥grade 3 adverse events. The secondary endpoints were PFS, 
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DCR, and 1‑year survival rate. This was a pilot feasibility 
study to estimate only the safety of alternate‑day adminis-
tration, and the number of enrolled patients was inadequate 
for evaluating the efficacy of such method of administration. 
Kaplan‑Meier method was used to draw the survival curve. A 
P‑value of <0.05 was considered significant. All data analyses 
were performed using JMP PRO statistical software version 
12.2.0 (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics. A total of 10 patients were enrolled, 
but 2 patients failed to initiate the treatment protocol due 
to renal dysfunction or intolerance of oral ingestion after 
enrollment. Thus, 8 patients were observed until March 2017. 
Table I shows the patients' background characteristics. The 
cohort comprised 6 men and 2 women, and the median age 
was 79 years. Of the 8 patients, 2 had a PS score of 0, while 
the other 6 had a PS score of 1. All patients were diagnosed 
with Stage IV disease and receiving second‑line therapy. 
EGFR gene mutations and ALK gene translocation were 
negative in all patients.

Toxicity and treatment delivery. No grade 3 or higher adverse 
events were observed. There were 4 cases of ≤grade 2 digestive 
symptoms such as anorexia, diarrhea, or stomatitis, and grade 1 
lacrimation was observed in 1 case. In addition, grade 2 renal 
dysfunction was observed in 2 cases, and ileus and elevated 
total bilirubin were observed in 1 case each (Table II).

The S‑1 administration period ranged from 0.7 to 
1.5 months (median: 1.1 months). Treatment was suspended 
in 2 patients due to grade 2 renal dysfunction. In 1 patient, 
treatment was also suspended due to grade 2 ileus. The median 
duration of treatment suspension in these 3 patients was 
11 days. Table III shows a summary of the baseline character-
istics of these 3 patients.

Efficacy. The median PFS and OS was 1.5 months (95% 
confidence interval: 0.9‑1.8) and 7.6 months (95% confidence 
interval: 3.0‑17.1), respectively (Fig. 2), and the 1‑year survival 
rate was 42.9%. Regarding antitumor effect, 1 case reached 
stable disease, and 7 cases reached PD. DCR was 12.5%  
(Table IV). The individual characteristics of the 8 patients 
including the treatment administered after this study are 
shown in Table V.

Discussion

We conducted a multi‑center and prospective feasibility study 
to evaluate the safety of alternate‑day S‑1 therapy in elderly 
patients with NSCLC. In this study, no severe grade 3 or 

higher adverse events was observed, and the major adverse 
events were gastrointestinal toxicity, consistent with previous 
reports (10).

The mechanism by which alternate‑day S‑1 administration 
reduces toxicity has been studied. Previous studies showed 
differences in the cell cycle between normal and malignant cells. 
Normal cells regenerate in 0.5‑1.5 days, whereas cancer cells 
regenerate in 3 to 5 days, with the S‑phase lasting more than 
24 h (14,15). Five‑fluorouracil (5‑FU), a metabolite included 
in S‑1, acts on S‑phase cells and suppresses cell proliferation. 
Based on this biological mechanism, the alternate‑day S‑1 
administration would allow growth and reproduction of normal 
cells, while maintaining its anticancer effect. Using gastric 
cancer cell lines in vitro and in vivo, a previous study showed 
that alternate‑day S‑1 administration had lower toxicity while 

Figure 1. S‑1 administration schedule.

Table I. Patient characteristics.

Variable n=8

Sex 
  Male 6
  Female 2
Age, years 
  Range (median) 75‑85 (79) 
ECOG PS 
  0 2
  1 6
Histology 
  Ad 5
  Sq 2
  NOS 1
Clinical stage 
  IIIB 0
  IV 8
EGFR mutation 
  Positive 0
  Negative 8
ALK translocation 
  Positive 0
  Negative 8
The number of prior chemotherapy regimen 
  1 8
  2 0
First‑line regimen 
  CBDCA+PEM 2
  CBDCA+PTX 2
  PEM (+ BEV)  3 (2)
  DTX 1

ECOG PS, Eastern Cooperative Oncology Group performance 
status; Ad, adenocarcinoma; Sq, squamous cell carcinoma; NOS, not 
otherwise specified; CBDCA, carboplatin; PEM, pemetrexed; PTX, 
paclitaxel; BEV, bevacizumab; DTX, docetaxel; EGFR, epidermal 
growth factor receptor.
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yielding similar antitumor effect compared with standard daily 
administration (16). In addition, a retrospective study showed 
that alternate‑day S‑1 administration decreases gastrointestinal 
toxicity in the patients with advanced gastric cancer (17). These 
results indicate that alternate‑day administration is reasonable 
for decreasing the toxicity while maintaining the efficacy of S‑1.

Severe gastrointestinal toxicities were not observed during 
this study, while up to grade 2 anorexia, diarrhea, and stoma-
titis were observed in 50% of the patients. This rate of adverse 
event was similar to that in a previous study in which alter-

nate‑day S‑1 was administrated to previously treated NSCLC 
patients including 13.3% elderly patients (10). By contrast, in a 
study of standard S‑1 administration as first‑line treatment for 
elderly NSCLC patients, severe anorexia and nausea/vomiting 
were observed in 4.3% of patients (18). In addition, in a study 
of 2‑week S‑1 monotherapy treatment followed by a 1‑week 
interval as a first‑line treatment of elderly NSCLC patients, 
severe neutropenia and anorexia occurred in 5.0 and 7.5% of 
patients, respectively (19). These results indicate that alter-
nate‑day S‑1 administration can be safer than the standard S‑1 
administration and would be a possible treatment regimen for 
elderly patients with NSCLC.

Although no hematological toxicities were observed 
during this study, grade 2 renal dysfunction was observed 
in 2 cases, and grade 2 ileus was observed in 1 case. Drug 
administration was suspended in these patients in accordance 
with the study protocol. The patient who developed ileus had a 
history of abdominal surgery. S‑1 monotherapy was resumed 
in this patient after the ileus had improved, and no recurrence 
was observed. Therefore, we considered that the ileus was not 
related with S‑1 administration. The 2 patients who discon-
tinued S‑1 due to grade 2 kidney dysfunction had low CCr 
before S‑1 administration. We considered that S‑1 administra-
tion may be associated with renal dysfunction. However, no 
severe renal dysfunction was reported in a previous study in 

Table IV. Overall response.

Tumor response n=8 (%)

CR 0 (0)
PR 0 (0)
SD 1 (12.5)
PD 7 (87.5)
DCR (CR + PR + SD) 1 (12.5)

CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease; DCR, disease control rate.

Table III. Baseline characteristics of the patients in whom S‑1 administration was discontinued.

Case  Cause of discontinuation Sex Age ECOG PS Histology Clinical stage 1st line regimen Ccr

1 Renal dysfunction Female 84 1 Ad IV PEM 53
2 Renal dysfunction Male 81 1 Ad IV PEM + BEV 63
3 Ileus Male 75 1 Sq IV DTX 82

ECOG PS, Eastern Cooperative Oncology Group performance status; Ad, adenocarcinoma; Sq, squamous cell carcinoma; PEM, pemetrexed; 
BEV, bevacizumab; DTX, docetaxel; Ccr, creatinine clearance.

Table II. Hematologic and non‑hematologic toxicities.

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Any (%) Grade 3/4

All 4 5 0 0  0
Hematologic      
  Neutropenia 0 0 0 0 0 (0) 0
  Anemia 0 0 0 0 0 (0) 0
  Thrombocytopenia  0 0 0 0 0 (0) 0
  Febrile neutropenia  0 0 0 0 0 (0) 0
Non‑hematologic      
  Anorexia 1 1 0 0 2 (25) 0
  Diarrhea 1 0 0 0 1 (12.5) 0
  Stomatitis 1 0 0 0 1 (12.5) 0
  Lacrimation 1 0 0 0 1 (12.5) 0
  Ileus 0 1 0 0 1 (12.5) 0
  Increased serum creatinine   0 2 0 0 2 (25) 0
  Increased total bilirubin  0 1 0 0 1 (12.5) 0
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which alternate‑day or standard daily S‑1 was administered 
to NSCLC patients including 14.8% elderly patients (10). In 
addition, another study of standard S‑1 administration as 
first‑line treatment for the elderly NSCLC patients also did not 
report any severe renal dysfunction (18). These results show 
that alternate‑day S‑1 administration does not induce severe 
renal dysfunction in elderly patients with NSCLC.

In the present study, severe adverse events were not observed. 
However, we should recognize that even mild diarrhea and 
stomatitis due to S‑1 would induce kidney dysfunction, which 
increases the toxicity of S‑1 in elderly patients. The renal func-
tion of elderly patients might be overestimated because their 
serum creatinine is decreased due to muscle atrophy.

While this study design was not for investigating the 
efficacy of alternate‑day S‑1 administration, the median PFS 
period was 1.5 months, indicating poor outcomes. However, 
a previous study reported a median PFS of 2.1 months in the 
alternate‑day S‑1 monotherapy for previously treated NSCLC 

patients including approximately 15% elderly participants (10). 
The present study only included elderly patients, and 6 of the 
8 patients had PS score of 1. Taking these into consideration, 
the efficacy of the treatment regimen in this study may have 
been reasonable.

In conclusion, the alternate‑day administration of S‑1 can 
be safer than the standard daily administration and would be 
a possible treatment regimen for elderly patients with NSCLC. 
However, the current study was a pilot feasibility study, and the 
number of patients was inadequate to draw conclusive results; 
thus, the findings should be interpreted cautiously. In the future, 
the therapeutic safety and efficacy of alternate‑day S‑1 admin-
istration in elderly NSCLC patients should be compared against 
that of the standard S‑1 administration in a large‑scale study.
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