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ABSTRACT 
Background.  Weight loss (WL) after gastrectomy for gas-
tric cancer is associated with both decreased compliance 
with adjuvant chemotherapy and impaired survival. This 
study examined the effects of administering oral nutritional 
supplements (ONS) for 3 months after gastrectomy in terms 
of compliance with adjuvant chemotherapy and survival 
outcomes.
Methods.  This large-scale, multicenter, open-label, rand-
omized controlled trial enrolled 1,003 gastric cancer patients 
undergoing curative gastrectomy. Patients were assigned to 
the control group (n = 503) or ONS group (n = 500). In the 
ONS group, 400 kcal/day of ONS was recommended in 
addition to a regular diet for 3 months after gastrectomy. 
Compliance with adjuvant chemotherapy and survival out-
comes were compared between the two groups.
Results.  Compared with the control group, the ONS group 
showed significantly decreased WL at 3 months after gas-
trectomy (8.6 ± 6.1 vs. 7.2 ± 5.7%, respectively, P = 0.0004). 
The control and ONS groups did not differ regarding the 

induction rate of adjuvant chemotherapy (84.9 vs. 82.8%, 
respectively, P = 0.614) or the continuation rate at 3 months 
postoperatively (75.3 vs. 76.6%, respectively, P = 0.809). 
Oral nutritional supplements for 3 months showed no sur-
vival benefit; the 3- and 5-year overall survival (OS) rates 
were 91.3% and 87.6% in the control group and 89.6% and 
86.4% in the ONS group, respectively, indicating no sig-
nificant difference (P = 0.548). Subgroup analysis could not 
detect a population in which ONS administration increased 
OS.
Conclusions.  Administration of ONS for 3 months after 
gastrectomy was not associated with increased compliance 
with adjuvant chemotherapy or with improved prognosis.

Gastric cancer is the fifth most common cancer world-
wide, and the fourth leading cause of cancer deaths.1 While 
curative gastrectomy is essential for the treatment of gastric 
cancer, weight loss (WL) remains one of the major com-
plaints postoperatively.2 Weight loss is associated with not 
only a remarkable deterioration in quality of life but also 
with reduced immune function and worse prognosis because 
of decreased compliance with adjuvant chemotherapy.3–6

Weight loss after gastrectomy is known to be caused by 
the following factors: increased catabolism due to surgical 
stress and inflammation; decreased food storage capacity; 
malabsorption resulting from decreased pancreatic enzyme 
and gastric acid secretion; and decreased ghrelin secretion in 

© Society of Surgical Oncology 2024

First Received: 25 April 2024 
Accepted: 10 June 2024 
Published online: 10 July 2024

K. Yamamoto, MD, PhD 
e-mail: kyamamoto13@gesurg.med.osaka-u.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-024-15667-1&domain=pdf


6910	 T. Omori et al.

the stomach.7–9 Several surgical approaches have been used 
to reduce WL, including procedures that avoid total gas-
trectomy as much as possible, such as subtotal gastrectomy 
with a very small remnant stomach,10,11 and minimally inva-
sive surgery, such as laparoscopic and robotic surgery.12–14 
However, the issue of WL after gastrectomy has not been 
resolved.

Weight loss after gastrectomy is known to be time-
dependent and is most pronounced during the first 3 months 
postoperatively. Overall, 10–20% of body weight was 
reported to be lost after gastrectomy; more than 80% of this 
WL was observed within the first 3 months postoperatively, 
while the remaining 20% occurred slowly over time.15

The objective of the current study was to elucidate the 
long-term effects of ONS for 3 months after gastrectomy 
using the clinical data of patients who participated in a 
previously described large-scale (n = 1,003), multicenter, 
open-label, randomized controlled trial that was conducted 
to evaluate the clinical impact of administering oral nutri-
tional supplements (ONS) for 3 months after gastrectomy.16 
The results showed that WL at 3 months was significantly 
reduced in the ONS group than in the control group, but the 
difference became nonsignificant at 1 year postoperatively. 
However, the post-gastrectomy reduction of WL was main-
tained for up to 1 year in patients who received ≥ 200 kcal/
day of ONS.

METHODS

Study Population and Design

In this study, we examined patients enrolled in the Osaka 
University Clinical Research Group for Gastroenterologi-
cal Study, a large-scale, multicenter, open-label, phase III 
randomized controlled trial at 22 hospitals, in which cura-
tive distal, proximal, and total gastrectomy (DG, PG, and 
TG, respectively) were performed between November 11, 
2013, and July 13, 2017 for histologically proven primary 
gastric cancer. Details regarding the eligibility criteria and 
the 2-stage enrollment system of the original trial have been 
reported previously.16 The study protocol was approved by 
the institutional review board of each participating hospital 
before study initiation. This study was performed in accord-
ance with both the Japanese Ethical Guidelines for Clinical 
Research and the international ethical recommendations 
documented in the Declaration of Helsinki. All patients 
provided written, informed consent before randomization.

Surgical Procedure

Patients underwent standard gastrectomy and lymph 
node dissection according to the Japanese Gastric Can-
cer Treatment Guidelines 2014.17 In most cases, D1 plus 

lymphadenectomy (D1 + dissection) was performed in 
patients with cT1 tumors without regional lymph node 
metastasis, while D2 lymphadenectomy was performed 
in patients with cT1 tumors with regional lymph node 
metastasis and in patients with cT2–4 tumors. The surgi-
cal approach (i.e., open or laparoscopic) and reconstruction 
method were not prescribed in the protocol and depended 
on the gastric cancer treatment strategy at each institution. 
Surgical data and pathology results were recorded according 
to the 14th edition of the Japanese Classification of Gas-
tric Carcinoma.18 Postoperative management, including the 
resumption of oral intake other than ONS, was generally 
performed according to the clinical policies of each partici-
pating institution.

Intervention

As previously described, enrolled patients were randomly 
assigned (1:1) to either the ONS group or the control group, 
on the basis of stratification factors such as institution, dis-
ease stage, and type of gastrectomy. In addition to the regu-
lar diet, it was recommended that patients in the ONS group, 
but not the control group, receive 400 mL/day (400 kcal/day) 
of Racol® NF for 3 months beginning within 3 days after 
resumption of the regular oral diet.

Postoperative Adjuvant Chemotherapy

Regarding postoperative adjuvant chemotherapy, oral 
administration of S-1 for 1 year was planned for patients 
with pathological stage II or III gastric cancer according 
to the Japanese Gastric Cancer Treatment Guidelines 2014 
(ver. 4).17,19 Postoperative chemotherapy for stage III gastric 
cancer also included capecitabine plus oxaliplatin treatment 
for 6 months or 6 months of S-1 plus docetaxel followed by 
6 months of S-1.20,21 In addition, intraperitoneal chemother-
apy and other systematic chemotherapies were used depend-
ing on the policies and clinical trials of each participating 
institution.22

Surveillance

The enrolled patients received surveillance at each insti-
tution’s outpatient clinics on the basis of the principles of 
the Japanese Gastric Cancer Treatment Guidelines 2014 
(ver. 4).17 Surveillance included physical examinations and 
blood tests (such as serum albumin level, C-reactive protein 
(CRP) level, and levels of tumor markers including carci-
noembryonic antigen and carbohydrate antigen 19-9) at 1 
and 2 months postoperatively and then every 3 months for 
the first year postoperatively and every 6 months beyond 
the first year. Imaging tests, such as computed tomography 
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scans, were recommended every 6 months until 5 years 
postoperatively.

Statistical Analysis

Overall survival (OS) was defined as the period between 
surgery and death from any cause, and relapse-free survival 
(RFS) was defined as the period between surgery and recur-
rence or between surgery and death if recurrence did not 
occur. Overall survival and RFS curves were calculated 
using the Kaplan–Meier method and were statistically com-
pared between the ONS and control group using the log-rank 
test. Comparisons of OS curves between the two groups were 
examined according to each pathological stage. Additionally, 
for patients whose caloric intake of ONS was available from 
patient reports (n = 403), the ONS group was divided into 
two subgroups: ≥ 200 kcal/day (based on half of the recom-
mended amount of 400 kcal/day) versus < 200 kcal/day. An 
analysis was performed to determine how OS was affected 
by the administration of ≥ 200 kcal/day of ONS. A subgroup 
analysis was performed with a proportional hazards model 
for OS to evaluate the statistical interactions between the 
treatment groups and seven prespecified subgroups. Contin-
uous numerical data are expressed as the mean and standard 
deviation (SD), and the distribution of dichotomous data is 
presented as the percentage with the 95% confidence interval 
(CI). The χ2 test was used to compare binary variables, and 
the Student t-test was used to compare continuous variables. 
All P values < 0.05 were judged as statistically significant. 
Statistical analysis was performed using JMP software ver-
sion 17.0.0 (SAS Institute, Cary, NC). The trial is regis-
tered at the UMIN Clinical Trials Registry (UMIN = CTR) 
(UMIN000011919).

RESULTS

Patient Baseline Characteristics

The Trial Consort Diagram was presented in a previous 
report.16 Briefly, a total of 1,167 patients were enrolled in 
this study, and after the second-stage randomization and 
exclusion based on several criteria, 1,003 patients were 
randomly assigned to the two groups (503 to the control 
group and 500 to the ONS group) (Fig. 1). The background 
characteristics of the patients in the two groups were well 
balanced (Table 1). 

Serum Albumin Level and WL at 3 Months After 
Gastrectomy

The mean serum albumin level and mean WL were com-
pared between the two groups at 3 months after gastrec-
tomy, because the ONS intervention period was 3 months. 

The mean serum albumin level was not significantly differ-
ent between the ONS and control groups (4.02 ± 0.36 vs. 
3.99 ± 0.38, respectively, P = 0.181). By contrast, the mean 
WL in the ONS group was significantly reduced than that in 
the control group (7.2 ± 5.7% vs. 8.6 ± 6.1%, respectively, 
P = 0.0004), although the difference was only 1.4%.

Postoperative Adjuvant Chemotherapy

Among patients with pathological stage IIA–IIIC (exclud-
ing T3N0 and T1N2–3) who received postoperative adju-
vant chemotherapy, Table 2 compares the ONS and control 
groups in terms of induction rates and regimens, as well 
as continuation rates at 3, 6, and 12 months after gastrec-
tomy. The treatment regimens were similar between the two 
groups. The ONS group, compared with the control group, 
did not have a higher induction rate (82.8 vs. 84.9%, respec-
tively, P = 0.614), or higher continuation rates at 3 months 
(76.6 vs. 75.3%, respectively, P = 0.809), 6 months (66.9 
vs. 66.4%, respectively, P = 0.933), or 12 months (51.7 vs. 
47.3%, respectively, P = 0.446).

Prognosis

Full Analysis Set
Figure 2 shows RFS and OS curves. The 3- and 5-year 

OS rates were 91.3% and 87.6% in the control group and 
89.6% and 86.4%% in the ONS group, respectively, with no 
significant differences between the two groups (hazard ratio 
0.899, 95% CI 0.633–1.273, P = 0.548). Figure 3 shows that 
there were no significant differences in OS curves between 

1167 patients in
primary enrollment

Gastrectomy

3 not eligible at first
enrollment

1 had an age over 85
2 had remnant

gastric cancer

161 not eligible at
second enrollment

3 had withdrowal
1 had R2 surgery
1 had distant

150 were unable to
  take orally
6 had other reasons

503 assigned to
Control group

500 assigned to
ONS group

metastasis

1164 patients in
secondary enrollment

FIG. 1   CONSORT flow diagram
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the control and ONS groups when stratified by pathological 
stage, and ONS administration was not associated with any 
survival benefit in more advanced cancers.

Effect of the Administration of ≥ 200 kcal/day of ONS
Our previous report showed that the administration of 

≥ 200 kcal/day of ONS suppressed WL for up to 1 year 
postoperatively. Therefore in this study, we compared the 
OS of patients who consumed ≥ 200  kcal/day of ONS 
with the OS of patients who consumed < 200 kcal/day of 
ONS and patients in the control group. The OS curve of 
the ≥ 200 kcal/day ONS group (n = 221) did not differ from 
those of the < 200 kcal/day ONS group (n = 182) or the con-
trol group (n = 503) (Fig. 4). The 3- and 5-year OS rates of 
patients in the ≥ 200 kcal/day ONS group were 90.5% and 
87.4%, respectively.

Subgroup Analysis of OS
Subgroup analysis was performed with a proportional 

hazards model for OS to evaluate statistical interactions 
between treatment groups and backgrounds (Fig. 5). The 
subgroups were defined on the basis of the following seven 
factors: age, sex, body mass index, serum albumin level, sur-
gical approach, operative procedure, and pathological stage. 
There was no subgroup in which ONS administration was 
significantly associated with longer OS after gastrectomy.

DISCUSSION

In this study, a survival analysis of data from a large RCT 
was performed to evaluate the effectiveness of ONS after 
gastric cancer surgery. The results showed that the adminis-
tration of ONS for 3 months after surgery for gastric cancer 
did not affect compliance with adjuvant chemotherapy or 
prognosis.

Several retrospective analyses showed that postopera-
tive WL was associated with both decreased compliance 

TABLE 1   Background characteristics

Data are shown as the number of patients or the mean ± standard 
deviation
Pathological stage was classified according to the 14th edition of the 
Japanese Classification of Gastric Carcinoma18

ECOG-PS, Eastern cooperative oncology group-performance status; 
BMI, body mass index

Control group ONS group P

Sex (male/female) 330/173 322/178 0.689
Age, years 67.1 ± 10.1 66.4 ± 10.6 0.325
ECOG-PS (0/1/2) 443/54/6 446/50/4 0.757
Comorbidities (y/n) 321/181 323/177 0.829
Preoperative chemotherapy 

(y/n)
29/474 34/466 0.499

Preoperative BMI, kg/m2 22.6 ± 3.2 22.5 ± 3.2 0.699
Type of gastrectomy 0.978
 Total gastrectomy 152 148
 Distal gastrectomy 320 321
 Proximal gastrectomy 31 31

Approach 0.956
 Open 194 192
 Laparoscopic 309 308

Operative time, min 280 ± 78 281 ± 75 0.914
Operative blood loss, ml 218 ± 266 220 ± 308 0.944
Pathological stage 0.999
 IA 242 239
 IB 60 58
 IIA 62 57
 IIB 37 37
 IIIA 33 35
 IIIB 34 36
 IIIC 25 26
 IV 10 12

TABLE 2   Postoperative 
adjuvant chemotherapy

XELOX, capecitabine plus oxaliplatin
DS, 6 months of S-1 plus docetaxel, followed by 6 months of S-1

Control group ONS group P

N 146 145
Induction (y/n) 124 (84.9%)/22 120 (82.8%)/25 0.614
Regimen 0.485
 S-1 107 (86.3%) 104 (86.7%)
 XELOX 5 (4.0%) 6 (5%)
 DS 6 (4.8%) 2 (1.7%)
 Others 6 (4.8%) 8 (6.7%)

Continuation at 3 months (y (%)/n) 110 (75.3%)/36 111 (76.6%)/34 0.809
Continuation at 6 months (y (%)/n) 97 (66.4%)/49 97 (66.9%)/48 0.933
Continuation at 12 months (y (%)/n) 69 (47.3%)/77 75 (51.7%)/70 0.446
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with adjuvant chemotherapy and impaired survival out-
comes,5,6,23 and it has been hypothesized that gastric cancer 
treatment outcomes might improve if WL could be sup-
pressed through perioperative nutritional support. An RCT 
examined the effects of eicosapentaenoic acid–rich ONS on 
prognosis after gastrectomy for gastric cancer.24 No clear 
survival benefit was observed, but the trial did not have a 
large enough sample size, and the primary endpoint, namely 
WL after gastrectomy, was not demonstrated in the trial.25 
The current study led to the same conclusion, namely the 
absence of a survival benefit of ONS in this setting. This 
study analyzed the data from the first RCT on this topic 
to be conducted with a sufficient sample size, and the first 
in which postoperative ONS administration was shown to 
be effective in suppressing postoperative WL.16 Subgroup 
analyses in this study did not detect populations in which 
ONS was beneficial for OS after gastrectomy. The benefits 
of ONS were expected to be greater in patients with lower 
preoperative BMI, malnutrition, total gastrectomy (which 
is associated with higher WL), or more advanced disease 
for which postoperative chemotherapy is more important, 
but in fact ONS exhibited reduced benefits in these groups.

It has already been reported that preoperative nutritional 
supports in gastric cancer patients with severe malnutrition 
reduce postoperative surgical site infection. In this rand-
omized controlled trial,26 there were only 26 patients (2.6%) 
(data not shown) of severe preoperative malnutrition that 
require nutritional support according to the ESPEN guide-
lines,27 and the details of preoperative nutritional supports 
were not investigated. Additionally, 63 of 1003 enrolled 
patients received neoadjuvant chemotherapy, however neo-
adjuvant chemotherapy for advanced gastric cancer is now 
being actively employed in clinical trials and daily practice 
in Japan.22,28 Therefore, preoperative nutritional supports 

with ONS for advanced gastric cancer may reduce postop-
erative complications and improve prognosis than adminis-
tering it postoperatively.

The EFFORT trial examined whether nutritional interven-
tion improved disease outcomes and prognosis in patients 
with a variety of conditions not limited to gastric cancer.29 
While individualized nutritional support for medical patients 
at nutritional risk significantly reduced short-term mortality, 
there was no legacy effect on longer-term outcomes.30 These 
results suggest that nutritional interventions for patients at 
nutritional risk, including those undergoing gastric can-
cer surgery, are effective during the interventions, but the 
effects will wane after the interventions are discontinued. 
Long-term interventions lasting several years, or other tech-
niques that have not yet been developed, might be required 
to improve prognosis.

In terms of novel, alternative approaches, enforced enteral 
feeding and pharmacological interventions are possible 
candidates. Regarding enteral nutrition, in our study the 
difference in the mean WL rate with or without 3 months 
of ONS administration (average intake 208 kcal/day) was 
only approximately 1.4%. By contrast, in total gastrectomy 
patients reported by Komatsu et  al. the difference after 
3 months of nighttime home enteral nutrition (1,200 kcal/
day) was quite large, at 11.2%, and this treatment signifi-
cantly increased the compliance with postoperative adjuvant 
chemotherapy.31 The enteral feeding tube were placed intra-
operatively in only nine patients (2 after total gastrectomy 
and 7 after distal gastrectomy, data not shown) in this study. 
The large, sustained difference in WL caused by enforced 
enteral feeding might improve the prognosis of gastric can-
cer. One potential pharmacological intervention is ghre-
lin.32 Ghrelin is a hormone secreted from the stomach that 
increases appetite and lean body weight.33,34 Adachi et al. 
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reported that ghrelin administration after total gastrectomy 
for gastric cancer significantly suppressed WL and lean body 
mass loss.35 Anamorelin is an orally active ghrelin receptor 
agonist that can be used in Japan for cases of non-small cell 
lung cancer, gastric cancer, pancreatic cancer, and colorectal 

cancer that are accompanied by cachexia,36,37 but it cannot 
be used for WL after radical gastrectomy for gastric can-
cer. Expanding its indications remains a future challenge. 
Furthermore, because exercise therapy in addition to nutri-
tional therapy may help to preserve or increase lean body 
mass from the previous report, so multimodal intervention, 
including exercise therapy, is possible candidate approach 
in the future trial.2

This study had several limitations. First, the total nutri-
tional intake in the ONS group was unclear, because the 
study did not assess caloric intake in the regular diet. Sec-
ond, ONS administration was limited to 3 months, and ONS 
did not improve patients’ nutritional status or reduce WL 
beyond 1 year after surgery. Third, the adjuvant chemother-
apy continuation rate was compared between the two groups 
in the current study; however, the ratio of chemotherapy dose 
to the total planned dose of adjuvant chemotherapy could not 
be compared because of detail of adjuvant chemotherapy 
were not recorded in case report form. Nevertheless, this 
study was part of a large, multicenter RCT, and the survival 
analysis was conducted in a cohort that showed a significant 
reduction in WL after 3 months of ONS administration.
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CONCLUSIONS

Oral nutritional supplements administration for 3 months 
after radical gastrectomy for gastric cancer significantly sup-
pressed WL but did not lead to increased compliance with 
adjuvant chemotherapy or improved survival outcomes. Dif-
ferent approaches should be investigated in future prospec-
tive trials to identify nutritional interventions with larger, 
longer-lasting impacts on reducing WL after gastrectomy in 
gastric cancer patients.
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