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ABSTRACT

Background and Aims. Compliance with S-1 adjuvant

chemotherapy is not satisfactory, and the aim of the present

study was to clarify risk factors for the continuation of S-1

after gastrectomy.

Methods. This retrospective study selected patients who

underwent curative D2 surgery for gastric cancer, were

diagnosed with stage II/III disease, had a creatinine clear-

ance[60 ml/min, and received adjuvant S-1 at our

institution between June 2010 and March 2014. The time to

S-1 treatment failure (TTF) was calculated.

Results. Fifty-eight patients were selected for the present

study. When the TTF curves stratified by each clinical

factor were compared using the log-rank test, lean body-

mass loss (LBL) of 5 % was regarded as a critical cutoff

point. Univariate Cox’s proportional hazard analyses

demonstrated that LBL was a significant independent risk

factor for continuation. The 6-month continuation rate was

91.7 % in patients with an LBL\ 5 %, and 66.3 % for

patients with an LBL[ 5 % (p = 0.031).

Conclusions. The present study demonstrated that LBL

might be an important risk factor for a decrease in com-

pliance to adjuvant chemotherapy with S-1 in patients with

stage II/III gastric cancer who underwent D2 gastrectomy.

A multicenter, double-blinded, prospective cohort study is

necessary to confirm whether LBL would affect adjuvant

S-1 continuation.

Gastric cancer is the fourth most common human

malignant disease, and the second most frequent cause of

cancer-related death worldwide.1 Complete tumor removal

is essential for curing gastric cancer; however, more than

half of the patients develop recurrent disease even after

curative surgery.

Two large phase III trials in Eastern Asia showed the

effectiveness of adjuvant chemotherapy for gastric cancer.

One was a Japanese phase III trial [Adjuvant Chemother-

apy Trial of S-1 for Gastric Cancer (ACTS-GC)],2 and the

other was a Korean phase III trial [Capecitabine and Ox-

aliplatin Adjuvant Study in Stomach Cancer (CLASSIC)].3

Although the ACTS-GC trial clearly demonstrated that S-1

is effective as adjuvant chemotherapy for Japanese patients

who have undergone curative D2 gastrectomy for gastric

cancer and were diagnosed with pathological stage II or III

disease, the proportion of patients with treatment failure

was 65.8 % at 12 months after surgery. Moreover, among

patients who received treatment for 12 months, a reduction

of dose was necessary in 46.5 % of patients.2 The most

common cause of withdrawal was adverse events. The

efficacy of adjuvant chemotherapy will be decreased when

treatment is insufficient, as has been confirmed in breast

cancer.4

We recently demonstrated that body-weight loss[15 %

at 1 month after surgery was an independent risk factor for

the continuation of S-1 adjuvant chemotherapy.5 In that

study, almost 10 % of patients had been evaluated by this

measure as being at high risk of continuation.5 However,
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the high-risk population has decreased as a result of recent

progress in perioperative care using the Enhanced Recov-

ery After Surgery (ERAS) program.6–8 A more sensitive

measure is therefore needed to identify patients at high risk

for S-1 continuation.

Body composition, specifically the body proportions of

lean and adipose tissues and organs, is one of the pheno-

typic factors that may affect the metabolism and toxicity of

chemotherapy drugs.9,10 Changes in body composition may

be a more sensitive marker than body-weight loss for

chemotherapy-induced toxicities or continuation. Gener-

ally, computed tomography (CT) has been used to measure

body composition;11 however, CT examinations 1 month

after surgery are not routinely performed. Instead, bio-

electrical impedance appears to provide a non-invasive,

safe, and rapid method for evaluating body composition.12

Based on these points, we re-analyzed the risk factors

for continuation of S-1 adjuvant chemotherapy by includ-

ing the measures obtained by a bioelectrical impedance

method in gastric cancer patients who had undergone

gastrectomy.

PATIENTS AND METHODS

Patients

Patients were selected from the prospective database of

the Department of Gastrointestinal Surgery, Kanagawa

Cancer Center, Yokohama, Japan, according to the

following criteria; (1) histologically-proven gastric adeno-

carcinoma; (2) patients underwent a curative gastrectomy for

gastric cancer as a primary treatment between June 2010 and

March 2014; (3) stage II or III disease was diagnosed path-

ologically according to the 14th edition of the General Rules

for Gastric Cancer published by the Japanese Gastric Cancer

Association;13 (4) the patient had a creatinine clear-

ance[60 ml/min;14 (5) the patient did not experience

weight loss before surgery; and (6) the patient had undergone

a body composition analysis within 1 week before surgery

and at 1 month after surgery.

Surgical Procedures and Perioperative Care

All patients received distal or total gastrectomy with

nodal dissection for gastric cancer. In principle, a D1 or

D1? lymphadenectomy is indicated for cT1N0 tumors, and

D2 is applied for cN? or cT2–T4 tumors, regardless of the

approach.15 Spleen-preserving D2 total gastrectomy was

permitted in this study.

Patients were treated using the ERAS protocol after

gastrectomy. Details of this protocol have been reported in

a previous study.16 In brief, patients were allowed to eat

until midnight on the day before the surgery and were

required to drink the contents of two 500-ml plastic bottles

containing oral rehydration solution until 3 h before sur-

gery. The nasogastric tube was removed immediately after

surgery. Oral intake was initiated on postoperative day

(POD) 2, beginning with water and an oral nutritional

supplement. Patients began to eat solid food on POD 3,

starting with rice gruel and soft food on POD 3 and

advancing in three steps to regular food intake on POD 7.

Patients were discharged when they had achieved adequate

pain relief and soft food intake, had returned to their pre-

operative mobility level, and exhibited normal laboratory

data on POD 7.

S-1 Adjuvant Chemotherapy

Patients received S-1 chemotherapy at 80–120 mg/

body/day according to body surface area (BSA):

BSA\ 1.25 m2, 80 mg/day; 1.25\BSA\ 1.5 m2, 100

mg/day; 1.5 m2\BSA, 120 mg/day2. The planned period

of S-1 treatment was 1 year, with the exception of patients

who were registered in the Optimal Period of Adjuvant S-1

chemotherapy trial (OPAS-1, a multicenter, phase III trial

for pathological stage II gastric cancer patients who

underwent D2 gastrectomy to confirm non-inferiority of

recurrence-free survival in the test arm of four courses of

S-1 adjuvant chemotherapy against the control arm of eight

courses of S-1) after February 2012.17 Doses were modified

in accordance with the following guidelines: when adverse

reactions appeared, the dose was reduced from 120 to

100 mg/day or from 100 to 80 mg/day, or administration

was temporarily discontinued. Treatment was discontinued

when the patient showed a recurrence of disease or adverse

reactions that were uncontrollable even by dose modifica-

tion or temporary withdrawal of drug administration.

Body Composition Analysis

The segmental body composition was analyzed using

the Tanita MC-190EM bioelectrical impedance analyzer

(Tanita, Tokyo, Japan), which provides relative informa-

tion regarding the amount of lean and fat tissue in the trunk

area and each limb, as well as the overall body composition

and hydration status. Body weight and composition were

evaluated by a bioelectrical impedance analyzer within

1 week before surgery and at 1 month after surgery.

Evaluation and Statistical Analysis

Lean body-mass loss (LBL) was defined as: % loss of

lean body mass = (preoperative lean body mass - lean

body mass at 1 month after surgery) 9 100/preoperative

lean body mass. The preoperative lean body mass was

measured within 1 week before surgery. Toxicities were
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graded according to the National Cancer Institute Common

Toxicity Criteria, version 3.0. The time to S-1 treatment

failure (TTF) and the proportion of treatment failures at

3 and 6 months after surgery were calculated using the

Kaplan–Meier method, and were compared using the log-

rank test. In this study, when patients were administered

S-1 for more than 6 months after surgery, they were treated

as censored cases at 6 months. When S-1 was discontinued

at less than 6 months after surgery, we defined that the

event had occurred on the last day of S-1 treatment based

on the protocol due to the adverse events, the patient’s

refusal due to the development of adverse events, the

patient’s refusal due to other reasons than adverse events,

disease recurrence, or the patient’s death. The Cox pro-

portional hazard model was used to perform univariate

analyses to determine the risk factors for S-1 continuation.

To determine the optimal cutoff values for the loss of lean

body mass and serum albumin for the risk factor analyses,

the TTF was examined by stratifying these values. A

p value\ 0.05 was defined as being statistically signifi-

cant. The SPSS software package (v11.0 J Win; SPSS Inc.,

Chicago, IL, USA) was used for all statistical analyses.

This study was approved by the Institutional Review

Board of the Kanagawa Cancer Center.

RESULTS

Background of Patients

A total of 465 patients underwent surgical resection

between June 2010 and March 2014. A flow diagram of the

study selection criteria is shown in Fig. 1; 58 patients were

eligible for the present study. Seven patients had been

registered in the OPAS-1 trial in the same period, while 51

received S-1 treatment as part of general clinical practice.

Patients’ age ranged between 36 and 80 years (median

67 years). Twenty-nine patients were male, and 29 were

female. Sixteen patients received neoadjuvant chemotherapy

as part of clinical trials, while only one patient experienced

body-weight loss over 15 % at 1 month after surgery. LBL

was significantly related with body-weight loss in this cohort

(r = 0.500, p = 0.001 by Pearson’s correlation coefficient;

Fig. 2). Five patients had pathological stage I (all stage I

patients had received neoadjuvant chemotherapy), 20

patients had stage II, and 33 patients had stage III.

Optimal Cutoff Value

The TTF stratified by each clinical factor was compared

using the log-rank test. A loss of lean body mass of 5 %

was defined as the optimal critical point for classification

after considering the 3- and 6-month proportion of patients

with treatment failure (Table 1).

Risk Factors

Each of the clinicopathological factors were categorized

as shown in Table 2, and were analyzed for their associa-

tion with the risk of treatment failure. Univariate analyses

demonstrated that a loss of lean body mass was the only

significant risk factor for the continuation of treatment

(Table 2). Figure 3 shows that the proportion of patients

with treatment failure at 6 months was 91.7 % in patients

with a loss of lean body mass\ 5, and 66.3 % in those

with a loss of lean body mass C5 %. Table 3 shows details

of the patients who stopped S-1 due to any events. The

reasons for discontinuation included the prespecified rules

of the protocol due to adverse events in five patients, the

patient’s refusal due to adverse events in two patients,

disease recurrence in two patients, and death in none of the
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FIG. 2 Relationship between lean body-mass loss and body-weight
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465 patients received gastrectomy 

75 patients received the S-1 adjuvant chemotherapy

58 patients enrolled to this study

7 patients had creatine clearance less than 60ml/min

3 patient did not start S-1 adjuvant chemotherapy as

80mg/m2  

7 patient did not measure body composition at 30 day
after surgery    

FIG. 1 Flow diagram of the study selection criteria
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patients. When comparing the loss of lean body mass

between the patients with any reason for discontinuation

and those without discontinuation, the loss of lean body

mass was higher in the patients with any reason for dis-

continuation. The median loss of lean body mass was

-6.1 % (range -17.9 to 4.6 %) in the patients with any

reason for discontinuation, while in the patients without

discontinuation, the median loss of lean body mass was

-4.1 % (range -13.6 to 1.0 %).

Toxicity

All 58 patients were evaluated for toxicities of grade 2,

3, or 4 (Table 4). There were no grade 4 toxicities.

Although there were no significant differences in both

incidences of grade 2 and 3 toxicities between the

LBL[ 5 % group and the LBL\ 5 % group (76.9 vs.

83.0 % in grade 2, and 42.9 vs. 18.9 % in grade 3), the

p value for grade 3 was marginal (p = 0.050).

DISCUSSION

This report first demonstrated that a loss of lean body

mass C5 % at 1 month after surgery was a significant risk

factor for the continuation of S-1 adjuvant chemotherapy,

even though these patients did not develop body-weight

loss C15 % at 1 month after surgery. To confirm the

present results, a multicenter, double-blinded, prospective

cohort study is necessary to confirm whether the LBL

would affect adjuvant S-1 continuation.

A previous study showed that lean body mass decreased

after gastrectomy. Kiyama et al. evaluated 108 patients

who received gastrectomy, and found that a loss of muscle

mass occurred immediately after surgery.18 The decrease in

lean body mass may therefore be due to surgical stress.

There are several possible reasons why the loss of lean

body mass affected the continuation of S-1 adjuvant che-

motherapy. First, the lean tissue compartment is composed

of metabolic tissues, such as the liver and kidneys, intra-

cellular and extracellular water, and the skeletal muscles,

which contribute a high proportion of the overall lean body

mass. Low relative muscularity or a low overall lean body

mass is apparently related to chemotherapy-induced tox-

icity and cancer survival.19,20 Current evidence suggests

that the changes in lean body mass are a better measure for

normalizing the doses of drugs that are distributed to and

metabolized in lean tissues. Prado et al. reported that the

severe depletion of skeletal muscle (sarcopenia) in breast

cancer patients serves as a predictor of fluorouracil

TABLE 1 Comparison of continuation by patient characteristics

Characteristics No. of patients (%) 3-month continuation rate (%) 6-month continuation rate (%) p value

Age (years) 0.694

\70 37 (63.8) 89.0 83.5

C70 21 (36.2) 85.2 80.2

Type of surgery 0.619

Distal gastrectomy 27 (48.2) 92.6 84.9

Total gastrectomy 31 (51.8) 83.4 80.1

Surgical complications 0.725

Yes 9 (15.5) 88.9 76.2

No 49 (84.5) 87.5 83.2

Neoadjuvant chemotherapy 0.855

Yes 16 (27.6) 86.7 80.0

No 42 (72.4) 88.0 83.1

Lean body-mass loss (%) 0.049

\5 37 (67.5) 94.5 91.7

C5 to\10 16 (17.5) 81.3 68.2

C10 5 (15) 80.0 60.0

Fat-mass loss (%) 0.424

\5 11 (19.0) 90.9 81.8

C5 to\10 8 (13.8) 100 100

C10 39 (67.2) 86.9 78.9

Stage 0.394

I or II 25 (32.5) 91.5 86.9

III 33 (67.5) 81.8 78.8
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toxicity.21 Similar findings were also reported by Aslani

et al.22 Actually, in the present study, the incidence of

grade 3 toxicities tended to be higher in the LBL[ 5 %

group than the LBL\ 5 % group (p = 0.050). These

results might suggest that LBL relates to severe toxicities

of S-1.

In our previous study, body-weight loss after surgery

was an independent risk factor for the continuation of S-1

adjuvant chemotherapy; body-weight loss of 15 % was

regarded as a critical cutoff point in that study. In this

cohort, only one patient met this criterion, likely due to the

improved postoperative management protocol. On the

other hand, 21 patients could be regarded as an at-risk

population, using a loss of lean body mass[5 % in the

present study. Moreover, LBL was significantly related

with body-weight loss in this cohort. Thus, the loss of lean

body mass would be a more sensitive risk factor than the

overall body-weight loss for the continuation of S-1 adju-

vant chemotherapy.

There are some possible limitations associated with this

study that should be kept in mind when interpreting the

results. First, we investigated only the 6-month continua-

tion of S-1 adjuvant chemotherapy. The ACTS-GC

demonstrated efficacy for S-1 adjuvant chemotherapy when

it was administered for 1 year after surgery; however,

patients who were registered in the OPAS-1 trial after

February 2012 received S-1 treatment for 6 months after

surgery, according to the protocol. Therefore, we could not

calculate the 1-year continuation rate of S-1 adjuvant

chemotherapy in this study population. Second, this was a

retrospective, non-blinded, single-center study. The present

results may be observed by chance because of the small

sample size in a single hospital. Multivariate analysis could

not be applied in the present study because there were less

than ten events among the small sample size. Moreover, we

cannot rule out the possibility that our study included

observer bias which physicians may overestimate S-1

toxicity and hesitate to continue S-1 chemotherapy in

patients with severe loss of lean body mass. To confirm the

present results, it would be necessary to conduct a multi-

center, double-blinded, prospective cohort study where

patients who receive S-1 and physicians who administer

S-1 were blinded from LBL after surgery. In that study,

physicians must strictly follow the protocol which defined

S-1 administration of dose modification, delay and stop,

initiation, and termination, which are the same regardless

of LBL. Third, the event of recurrence may overestimate

the difference of S-1 continuation by LBL. When we

analyzed the subgroup after exclusion of patients who

failed to continue S-1 administration due to recurrence, the

hazard ratio of the LBL[ 5 % group was 3.355 (95 %

confidence interval 0.801–14.048), with p value of 0.078.

Although the difference did not reach statistical signifi-

cance, possibly due to the small number of the patients, the

same trend was confirmed. Fourth, in this study, the seg-

mental body composition was analyzed using a

bioelectrical impedance analyzer, which considered not

only the muscle mass but also the liver and kidney mass.

The mass of visceral organs would not be changed by

surgery, and the major contributor to the change in lean

body mass would be muscle; the bioelectrical impedance

TABLE 2 Univariate Cox proportional hazards analysis of clinico-

pathological factors

Factors No. of

patients

Hazard

ratio

95 % CI p value

Age (years) 0.694

\70 37 1.000

C70 21 1.289 0.363–4.570

Type of surgery 0.621

Distal gastrectomy 27 1.000

Total gastrectomy 31 1.376 0.388–7.848

Surgical complication 0.726

No 49 1.000

Yes 9 1.319 0.280–6.213

Neoadjuvant chemotherapy 0.855

No 42 1.000

Yes 16 1.135 0.293–4.389

Lean body-mass loss (%) 0.031

\5 37 1.000

C5 21 4.417 1.141–17.099

Fat-mass loss (%) 0.377

\10 19 1.000

C10 39 2.011 0.427–9.472

Stage 0.400

I or II 25 1.000

III 33 1.787 0.462–6.911

TABLE 3 Details of withdrawal in the lean body-mass loss C5 %

group and the lean body mass\5 % group

Case

no.

Reasons for withdrawal

in the lean body

mass\5 % group

Case

no.

Reasons for withdrawal

in the lean body-mass

loss C5 % group

Day Type Grade Day Type Grade

1 28 Neutropenia 2 1 7 Anorexia 3

2 34 Fatigue 2 2 41 Vomiting 3

3 91 Diarrhea 2 3 55 Recurrence –

4 62 Neutropenia 3

5 84 Recurrence –

6 119 stomatitis 3
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analyzer cannot directly measure the muscle mass. On the

other hand, CT or magnetic resonance imaging (MRI) have

been proven to be accurate for measuring human body

composition. For example, Mitsiopoulos et al. validated

MRI and CT measurements of adipose tissue embedded

within muscle (interstitial adipose tissue) and surrounding

muscle (subcutaneous adipose tissue). They found that

MRI- or CT-measured interstitial and subcutaneous adi-

pose tissue correlated well with cadaver-measured

interstitial and subcutaneous adipose tissue.11 Therefore,

the results of the present study need to be validated by MRI

and CT measurements.

CONCLUSIONS

The present study demonstrated that LBL might be an

important risk factor for a decrease in compliance to

adjuvant chemotherapy with S-1 in patients with stage II/

III gastric cancer who underwent D2 gastrectomy. A

multicenter, double-blinded, prospective cohort study is

necessary to confirm whether the LBL would affect adju-

vant S-1 continuation.
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