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Abstract
Background In Japan, S-1 adjuvant chemotherapy for 1 year is the standard of care for the treatment of stage II and III 
patients under 80 years old with gastric cancer after curative operation. However, the feasibility of S-1 chemotherapy in 
patients over 80 years old has not yet been elucidated.
Methods To clarify the current treatment situation and feasibility of S-1 treatment in patients over 80 years old, a question-
naire survey of the patients treated from January 2011 to December 2012 was conducted at 58 member institutions of the 
Stomach Cancer Study Group of the JCOG (Japan Clinical Oncology Group).
Results Gastrectomy was performed in 15,573 patients of all ages, and 1,660 (10.7%) patients were over 80 years of age. Of 
these elderly patients, 661 (4.2%) were diagnosed as stage II and III. While S-1 adjuvant chemotherapy was recommended to 
248 (37.5%) of the stageII/III patients, only 99 (15.0%) of them actually received S-1. Interestingly, the creatinine clearance 
rate was between 30 and 80 mL/min in 87 (87.9%) of the patients suggesting that S-1 dose modification should be considered. 
Moreover, S-1 compliance was poor in patients with more than 15% body weight loss.
Conclusion In general practice, surgery alone can be regarded as the standard of care for stage II and III gastric cancer 
patients over 80 years old. The feasibility and efficacy of S-1 adjuvant chemotherapy should be elucidated in a randomized 
control trial considering the vulnerabilities of the elderly.
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Introduction

Gastric cancer (GC) is the third leading cause of cancer 
deaths in the world (723,000 deaths, 8.8% of the total) 
[1]. Almost one million new cases were estimated to have 

occurred in 2012, making it the fifth most common malig-
nancy worldwide, with more than half of the cases occurring 
in Eastern Asian countries. Although it is the second leading 
cause of death from cancer, it remains the most frequently 
occurring cancer in Japan. In 1980, the peak of age-specific 
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incidence rate was around 75 years old, but the peak was 
even higher, at over 80 years old, in 2011 [2]. Therefore, the 
incidence rate of GC is increasing according to the age of 
the patients and its peak is shifting to the elderly.

According to the Annual Report for FY2015 from the 
Japan Cabinet Office, the number of people aged 65 and over 
is the highest ever, 31.90 million (30.79 million in 2012). 
The percentage of the population aged 65 years and over was 
25.1% (24.1% in 2012), and the population aged 75 years 
and over was 15.60 million, accounting for 12.3% of the 
total population [3]. Japan has become a super-aged society 
of the highest level and has the highest prevalence of GC in 
the world. Considering these facts, the number of elderly GC 
patients is expected to increase as this super-aged society 
progresses in the future [4].

In patients classified as having stage II or III GC accord-
ing to the 13th edition of the Japanese Classification of 
Gastric Carcinoma [5], adjuvant chemotherapy consisting 
of S-1 monotherapy for 1 year after D2 gastrectomy is rec-
ommended by the Japanese guideline for the treatment of 
GC, based on the ACTS-GC trial [6], which was conducted 
in Japan for patients under the age of 80 years. However, 
it remains unclear whether S-1 should be administered to 
patients over 80 years of age after D2 gastrectomy for stage 
II and III GC. There is an urgent need to establish standard 
adjuvant treatment for elderly GC patients, especially those 
over 80 years old.

On the other hand, the elderly comprise a mixed popula-
tion consisting of some healthy population similar to the 
younger population and others complicated with comorbidi-
ties such as cardiovascular, respiratory, mental, renal, and 
metabolic disease [7]. Interestingly, the European Organiza-
tion for Research and Treatment of Cancer (EORTC) classi-
fied the elderly into three categories: (a) fit elderly patients 
who do not have any serious comorbidities and no depend-
ence (Fit patients); (b) frail patients with significant depend-
ency and comorbidities (Frail patients), and (c) patients with 
some instrumental activities of daily living dependency with 
or without severe comorbidity (Vulnerable patients) [8]. 
However, precise criteria or a definition of each category has 
not been clarified, and moreover, they might differ according 
to the target disease and treatment. Therefore, to conduct a 
randomized control trial (RCT) of adjuvant chemotherapy 
for elderly gastric cancer patients, certain definition clas-
sifying these three groups should be explored in the clinical 
practice. However, there have been no data on the safety 
and efficacy of S-1 in this population. Therefore, to clarify 
the current treatment situation, including compliance with 
S-1 adjuvant chemotherapy, and to identify the fit, frail and 
vulnerable population over 80 years old, a questionnaire sur-
vey was conducted among the member institutions of the 
Stomach Cancer Study Group of the Japan Clinical Oncol-
ogy Group (JCOG).

Methods and patients

We conducted a questionnaire survey in 58 member insti-
tutions of the Stomach Cancer Study Group of the JCOG in 
October 2014 to evaluate the patients treated from January 
2011 to December 2012. Packages including a cover letter 
and questionnaire documents were sent by e-mail to the 
chief of the department of each institution that described 
the research intent and provided a brief summary of the 
approved consensus for this survey by the Stomach Cancer 
Study Group at the JCOG meeting. Data collection was 
finalized by the end of April 2015.

The questionnaire consisted of the following seven 
questions: (Q1) How many gastrectomies were performed 
in your institution from January 2011 to December 2012? 
(Q2) How many patients were older than 80 years of age? 
(Q3) How many patients among them were diagnosed as 
pathological stage II and III according to the 14th edition 
of the Japanese Classification of Gastric Carcinoma [9]? 
(Q4) How many of the stage II/III patients over 80 years 
old did you recommend S-1 adjuvant chemotherapy? 
(Q5) If you did not recommend adjuvant chemotherapy to 
the patients over 80 years old, describe the reasons. The 
choices were ‘too old’, ‘other cancer or disease’, ‘poor 
PS’, ‘poor oral intake’, ‘dimentia’, ‘no family support’, and 
‘doctor’s impression’. (Q6) If you recommended adjuvant 
chemotherapy to the patients over 80 years old, how many 
patients agreed and be actually prescribed S-1? (Q7) In 
reference to question 4, how many patients did not agree to 
undergo adjuvant chemotherapy even if you recommended 
it, and describe the reasons why the patients did not agree. 
The choices were ‘too old’, ‘adverse events’, ‘difficulty 
coming hospital’, and ‘economic reason’.

In addition to the above questions, we asked the doc-
tors to provide information on the patients who were actu-
ally prescribed S-1 as adjuvant chemotherapy, including 
age, sex, pathological stage, type of operation, method of 
reconstruction, date of surgery, surgery time, bleeding, 
extent of lymph node dissection, resection of other organs, 
the presence or absence of recurrence, co-morbidities as 
proposed by Charlson et al. [10], ECOG (Eastern Coopera-
tive Oncology Group) performance status (PS), postopera-
tive complications, body weight (BW) just before surgery 
and at the start of S-1, height, creatinine clearance rate 
(Ccr) as estimated by the Cockcroft-Gault equation at the 
start of S-1, date of the start of S-1, dead or alive, rate of 
continuation of S-1, dose and dosage schedule, and rea-
sons for discontinuation. This study was approved by the 
investigational review board of the Gifu University Gradu-
ate School of Medicine and all other institutes.
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Results

Number of patients treated by S‑1 adjuvant 
chemotherapy over 80 years old

We received replies from 51 member institutions (87.9% 
response rate) of the Stomach Cancer Study Group of the 
JCOG. The total number of patients of all ages who under-
went gastrectomy over the 2-year period was 15,573, and 
among them, 10.7% (1660) were older than 80 years old 
(Fig. 1). Of the patients over 80 years old, 661 (4.2%) were 
diagnosed as stage II (316) or III (345), and 37.5% (248, 
stage II: 98, stage III: 150) of the patients were recom-
mended to receive S-1 adjuvant chemotherapy by a surgi-
cal and medical oncologist while 62.5% (413, stage II: 218, 
stage III: 195) patients were not. One hundred five patients 
(stage II: 35, stage III:70) agreed and were actually pre-
scribed S-1 as adjuvant chemotherapy after gastrectomy, 
and 143 patients (stage II: 63, stage III: 80) did not agree 
to undergo S-1 adjuvant chemotherapy, despite the recom-
mendation by their physician. In summary of the general 
practice, 15.0% (99) of the stage II and III patients older 
than 80 years old who were candidates for S-1 adjuvant 
chemotherapy in this survey actually received S-1 adjuvant 
chemotherapy, and the remaining patients received no treat-
ment after gastrectomy, suggesting that surgery alone can 
be regarded as the standard of care in general practice for 

this category of patients in the member institutions of the 
Stomach Cancer Study Group of the JCOG.

Reasons why S‑1 was not recommended (Q5) 
and why the patients did not agree (Q7)

It is quite important and interesting to investigate the rea-
sons why S-1 was not administered in 556 (413 + 143) of 
the patients because they involve two categories of patients: 
those for whom S-1 was not recommended (413) by doctors 
(Q5, doctor’s reason) and those (143) for whom it was rec-
ommended, but who did not agree to take S-1 (Q7, patient’s 
reason).

Concerning Q4, the most common reason for the physi-
cians not to recommend a patient (413) undergo S-1 admin-
istration was that they regarded the patients as being very 
old (240) and, interestingly, the doctor’s impression that the 
patients would not be able to continue the medication (69). 
Other reasons were that the patients had other disease (100) 
or other cancer (19), poor PS (65), poor oral intake (37), 
dementia (30), no family support (8), unknown (9), and mis-
cellaneous reasons such as surgical complications (21).

The reasons why the patients (143) did not agree to 
undergo S-1 administration even if it had been recommended 
(Q7) were that the patients regarded themselves as being 
very old (88), that they felt that they would not tolerate 
adverse events (42), and that they would not come to the hos-
pital regularly (6). Interestingly, no patients refused to take 
S-1 because of economic reasons. Other reasons included 
dementia, family’s refusal, and poor PS.

Compliance with S‑1 in the elderly patients

To clarify the patients older than 80 years of age for whom 
the administration of S-1 is feasible, clinicopathological data 
and compliance with S-1 therapy were compared. Especially, 
we focused on Ccr and BW loss after surgery. We excluded 
five patients who underwent surgery for remnant stomach 
cancer and one patient who underwent neoadjuvant chemo-
therapy in the present analysis; thus, 99 of the 105 patients 
were analyzed.

The characteristics of the 99 patients (63 men, 36 women) 
who were administered S-1 are shown in Table 1. Their aver-
age age was 81.7 years old. Stage II cancer was present in 32 
patients and stage III in 67 patients. Lymph node dissection 
was performed in each patient according to the 2010 Japa-
nese GC treatment guidelines [11].

Very interestingly, at the initial dosing of S-1, 66.7% 
(66/99) of the patients were started at a lower than normal 
dose level (one level down: 54 patients, more than 2 levels 
down: 12 patients) by the doctor’s decision. S-1 was admin-
istered at 40 mg/m2 of body surface area (BSA) twice daily 
every 6 weeks (4 weeks on and 2 weeks off). Patients with a 

All pa�ents who underwent gastrectomy 
N=15,573 

  

pStage II/III 
N=661 (316/345) (4.2%) 

Adjuvant chemotherapy 
recommended 

N=248 (98/150) 

Agreed and S-1 
prescribed 

N=105 (35/70) 

Did not agree 
N=143 (63/80) 

Over 80 years old 
N=1660 (10.7%) 

Adjuvant chemotherapy  
not recommended 
N=413 (218/195) 

N=99 

Excluded for remnant gastric cancer or neoadjuvant 
chemotherapy N=6 

Q1 

Q2 

Q3 

Q4 Q5 

Q6 
Q7 

Fig. 1  Consort diagram of the number of patients evaluated and the 
related survey questions
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BSA of < 1.25 m2 received 80 mg daily; those with a BSA 
of ≥ 1.25 m2 but < 1.5 m2 received 100 mg daily; and those 
with a BSA of ≥ 1.5 m2 received 120 mg daily [6]. The daily 
decrease in dosage level was carried out as follows: from 
120 to 100 mg, 100–80 mg, or 80–50 mg. No modifications 
in the treatment schedule were conducted in 33 of the 99 
patients analyzed at the initial administration: 61.6% (61/99) 
of the patients started treatment for 4 weeks on and 2 weeks 
off, whereas 33 patients were treated 2 weeks on and 1 week 
off.

To assess the 1-year compliance with S-1 chemother-
apy, 77 of the 99 patients were analyzed. The remaining 
22 patients, in whom cancer recurred or who died within 1 
year after surgery, were excluded. Administration of S-1 for 
1 year was completed in 44.2% (34/77) of the patients, and 
59.7% (46/77) of the patients were successfully treated for 
more than 6 months with variations in dose modification.

In the next analysis, Ccr (as estimated by the Cockcroft-
Gault equation) and compliance with S-1 administration 
were assessed in the 99 patients including recurrent cases as 
shown in Fig. 2. According to the S-1 administration guide-
lines, standard administration is recommended in patients 
with a Ccr of > 80 mL/min, dose modification should be 
considered in patients with a Ccr between 30 and 80 mL/
min, and S-1 should not be administered in patients with a 
Ccr of < 30 mL/min. The patients were divided into these 
three categories and compliance with S-1 was compared. 
All two patients who had a Ccr of < 30 mL/min could not 
continue S-1 for more than 6 months. Of the 10 patients with 
a Ccr of > 80 mL/min, three patients completed the 1-year 
therapy, five patients continued it for 6 months, and cancer 
recurred in two patients within 1 year. Very interestingly, 
the Ccr of 87.9% (87/99) of the patients was between 30 and 
80 mL/min, which strongly suggests that dose modification 

Table 1  Characteristics of the 99 patients administered S-1

N = 99

Age (mean) [range] 81.7 [80–90] years
Sex
 Male 63
 Female 36

Pathological stage
 Stage II 32
 Stage III 67

Charlson Comorbidity Index
 0 59
 1 28
 2 10
 3 1
 6 1

Performance status
 0 60
 1 34
 2 5

Operation
 Distal gastrectomy 64
 Total gastrectomy 27
 Others 3

Reconstruction
 Billroth I 31
 Billroth II 5
 Roux-en-Y 55
 Others 8

Surgery
 Time (mean/median) 233.6 min/216 min
 Bleeding (mean/median) 300.9 g/150 g

Lymph node dissection
 D1 5
 D1+ 11
 D2 or over 79
 Unknown 4

Resection of other organs
 Yes 28
 No 66
 Unknown 5

Recurrence
 Yes 33
 No 65
 Unknown 1

Prognosis
 Alive 66
 Dead 28
 Unknown 5

Ccr (mL/min) <30 ≥30 to <80 ≥80

≥30 to <60 ≥60 to <80 

Number 2 87 (87.9%) 10
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should be considered for elderly patients undergoing S-1 
administration. In this population, administration of S-1 for 
1 year was completed in 42.5% (38/87) of the patients, and 
59.8% (52/87) of the patients were successfully treated for 
more than 6 months with variations in dose modification. 
72.4%(63/87) began with dose modification from the ini-
tial treatment. There was no significant correlation between 
Ccr and compliance with S-1 administration in the present 
analysis.

Another important factor relating to compliance with S-1 
is BW loss after surgery as reported by Aoyama et al. [12]. 
According to their report, BW loss of > 15% at 1 month after 
surgery, not the pre-operative BW loss, was a significant risk 
factor by both univariate and multivariate analyses. In the 
present analysis, we divided the patients into three catego-
ries, with BW loss defined as (preoperative BW–BW at the 
start of S-1) × 100 / preoperative BW: > 15% (9 patients), 
10–15% (26 patients), and < 10% (64 patients) compared 
to the preoperative BW (Table 2). The 1-year continuation 
rate was 43.8% in the patients with < 10% BW loss, 46.2% in 
those with 10–15% BW loss, and 11.1% in those with > 15% 
BW loss. The 6-month continuation rates were 57.8, 69.2, 
and 33.3%, respectively, suggesting that BW loss of > 15% 
may be one of the risk factors for poor S-1 compliance.

Discussion

Tremendous discussions have taken place to determine 
whether adjuvant chemotherapy should be administered to 
stage II and III GC patients over 80 years old. The ACTS-
GC trial demonstrated that the rate of overall survival and 
recurrence-free survival of stage II and III GC patients under 
80 years of age were much improved when these patients 
were treated by S-1 for 1 year after curative operation com-
pared to surgery alone [13]. Currently in Japan, a clinical 
trial to determine the optimal period of adjuvant S-1 chemo-
therapy for pathological stage II GC patients who under-
went D2 gastrectomy(JCOG1104) has just finished. It was 
concluded in ESMO 2017 that postoperative S-1 adjuvant 
chemotherapy for p-stage II GC should be continued until 
1 year so far as feasible. Another trial, a phase III study of 
docetaxel plus S-1 [14] versus S-1 alone in the treatment of 
curatively resected stage III GC, is ongoing. To establish a 

general consensus on this issue involving elderly patients, 
a RCT should be conducted in the era of evidence-based 
medicine. However, no solid data or baseline data for the 
assessment of safety and efficacy in patients over 80 years 
old is available for constructing a protocol for the RCT. The 
present study was conducted to acquire basic information 
concerning patients over 80 years old, especially informa-
tion on the feasibility of S-1 adjuvant chemotherapy and a 
general consensus on this topic in daily practice in high-
volume member institutions of the Stomach Cancer Study 
Group of the JCOG.

Respondents to the present questionnaire survey voiced 
controversial opinions, either that elderly patients should be 
treated with S-1 because of the solid data from the ACTS-
GC trial, or that they should not be treated because with their 
physical and/or mental comorbidities, elderly patients are 
too old to tolerate chemotherapy with/without the support 
of their families. This was probably because the respondents 
had not yet considered that the elderly comprise a hetero-
geneous population of Fit patients, Frail patients, and Vul-
nerable patients, as classified by EORTC [8]. Based on this 
classification, even in the elderly, the Fit patients are able to 
receive the same therapy, so that S-1 adjuvant chemotherapy 
can be administered to Fit patients after gastrectomy in the 
same manner as that in the ACTS-GC trial. This strategy can 
be ethically acceptable. At the same time, such treatment 
should be avoided in Frail patients. They would be poor PS, 
poor oral intake, dementia and no family support. However, 
a concept should be established for Vulnerable patients when 
establishing a standard treatment for the elderly. At present, 
there is no scientific consensus on this category, and clear 
eligibility criteria for these Vulnerable patients urgently 
requires elucidation.

The Comprehensive Geriatric Assessment (CGA) is an 
approach developed and used by geriatricians to set up indi-
vidualized and proactive patient care plans. The CGA esti-
mates a patient’s functional status, the presence of comor-
bidities [10], mental status [15] and emotional condition 
[16], social support, nutritional status [17], polypharmacy 
[18], and the presence or absence of geriatric syndromes [19, 
20]. Especially, in a trial of adjuvant chemotherapy, patients 
were eligible for curative operations and were ready for reha-
bilitation and to resume social activities. In this sense, a new 
and unique strategy along with the CGA for considering 
S-1 administration as adjuvant chemotherapy in Vulnerable 
patients is warranted.

We have focused on three aspects in considering the vul-
nerability of stage II and III GC patients over 80 years of age 
to undergo S-1 administration as adjuvant chemotherapy. 
First, we regard the Ccr as the most important factor for 
determining S-1 administration, especially for setting the 
S-1 dose. A Ccr of < 60 mL/min has been reported to be 
a significant risk factor for 6-month continuation of S-1 

Table 2  Correlation between S-1 continuation rate and body weight 
loss

Body weight loss < 10% ≥ 10% to < 15% ≥ 15%
Number 64 26 9
1-year continuation rate 43.8% 46.2% 11.1%
6-month continuation rate 57.8% 69.2% 33.3%
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adjuvant chemotherapy [21]. However, in our survey, there 
was no significant correlation between the value of Ccr 
and the 1-year oral S-1 continuation rate. The 1-year and 
6-month continuation rates were 44.2% (33/77) and 59.7% 
(46/77), respectively, and these rates were quite reasonable if 
we consider that the 1-year continuation rate of patients aged 
75–80 years in the ACTS-GC trial was 48.9% (unpublished 
data). This might have occurred because in 66 of the 99 
patients, the initial dose of S-1 was reduced from the stand-
ard regimen considering the Ccr of the patients. The Ccr in 
87.9% of the patients was between 30 and 80 mL/min. More-
over, according to the S-1 post-marketing use results survey, 
the incidence of Grade 3 and 4 adverse events in patients 
with a Ccr between 30 and 80 mL/min was 7.8% higher than 
that of patients with a Ccr of ≥ 80 mL/min. The major reason 
of S-1 discontinuation was adverse events, such as appetite 
loss, general fatigue and neutropenia. Therefore, Ccr can be 
considered one of the important components marking the 
vulnerability of the elderly to S-1 administration. Of course, 
for patients with a Ccr of < 30 mL/min (Frail patients), S-1 
adjuvant chemotherapy would not be the best choice.

Second, BW loss has been regarded as the most important 
risk factor for compliance with S-1 adjuvant chemotherapy, 
as shown by Aoyama et al. [12]. In our survey, a BW loss 
of > 15% also led to a very poor continuation rate and as a 
result, this population can be regarded as Frail patients.

Third, we believe that the type of operation performed 
might affect compliance with the oral administration of 
chemotherapy. Tsujimoto et al. showed that the completion 
rate of S-1 treatment did not depend on the type of surgical 
procedure, i.e., gastrectomy, reconstruction, or resection of 
other organs [22]. However, patients undergoing total gas-
trectomy generally experience greater BW loss compared 
to those undergoing distal gastrectomy [23]. This BW loss 
in the elderly can affect the compliance with oral S-1 after 
surgery. In fact, in the present survey, the S-1 continuation 
rate of the patients with total gastrectomy tended to be lower 
than that of the patients with non-total gastrectomy. Table 3 
defines the candidate Vulnerable patients for S-1 adminis-
tration as adjuvant chemotherapy considering the Ccr, BW 
loss, and type of operation as listed above. Patients with a 
Ccr of < 30 mL/min and BW loss of > 15% can be regarded 
as Frail patients, whereas those with a Ccr of > 80 mL/min 
undergoing a non-total gastrectomy should be considered 
Fit, and patients undergoing other categories of non-total 
and total gastrectomy can be considered Vulnerable patients 
in the ongoing clinical trials. Moreover, the CGA are impor-
tant factors for evaluating the vulnerability of the elderly 
patients. These tools should be assessed for patients in the 
RCT.

There are some limitations in the present survey. First, 
this is a questionnaire-based survey of a retrospective cohort 
method. The data from the surveyed institutions might 

not necessarily represent the vast majority of community 
practice and might include selection bias. However, to our 
knowledge, this is the first report of a survey of postoperative 
adjuvant chemotherapy in patients older than 80 years, and 
the findings might help in constructing concepts for a future 
trial to investigate this issue. Second, Moertal et al. showed 
that patient choice influences outcome with his study show-
ing patients declining randomisation actually doing better 
than those receiving chemotherapy [24]. Since the present 
data are from other facilities and retrospective survey, not 
randomization, we could not investigate patients’ belief for 
chemotherapy at that time.

In estimating the candidate patients who could be enrolled 
into a future study, among the 661 candidate patients for 
S-1 adjuvant chemotherapy in this survey, S-1 therapy was 
recommended in 37.5% (248) of the patients, but not recom-
mended in the remainder (413) by doctor’s decision based 
on the patient’s comorbidities and/or vague reasons that the 
patients were very old. Moreover, among the 248 patients 
for whom S-1 was recommended, 143 patients rejected 
the treatment. Therefore, when considering a RCT for this 
issue, a reasonable number of the patients can be considered 
candidates for participation among the present population 
(413 + 143). The effect of S-1 may be diminished by start-
ing with dose reduction. A phase III trial to confirm S-1 
adjuvant chemotherapy for pathological stage II/III GC in 
vulnerable elderly patients who have undergone gastrectomy 
is just started in the JCOG.

Conclusion

In general practice, surgery alone can presently be regarded 
as the standard of care for stage II and III GC patients over 
80 years old. The feasibility and efficacy of S-1 adjuvant 
chemotherapy should be further elucidated by RCTs con-
sidering the vulnerabilities of the elderly.
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Table 3  The categories of fit, frail and vulnerable patients

BW; body weight, Ccr; creatinine clearance

Ccr (mL/min)

< 30 ≥ 30 to < 80 ≥ 80

Non-total gastrectomy
 BW loss < 15% Frail Vulnerable Fit
 BW loss ≥ 15% Frail Frail Frail

Total gastrectomy
 BW loss < 15% Frail Vulnerable Vulnerable
 BW loss ≥ 15% Frail Frail Frail
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