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Abstract
Background  Body weight loss (BWL) after gastrectomy is associated with not only a deteriorated quality of life but also a 
poor prognosis. Oral nutritional supplements (ONS) may be used to minimize BWL, which is observed in the first 3 months 
after gastrectomy and becomes stable thereafter, although the results of several randomized trials remain controversial.
Methods  We performed a multicenter, open-label randomized controlled trial including 1003 gastric cancer patients undergo-
ing curative gastrectomy. Patients were assigned to the ONS group or the control group. In the former, 400 ml (400 kcal) per 
day for 12 weeks as enteral nutrition was planned, and the actual intake amount was recorded daily by patients themselves. 
The primary endpoint was BWL 1 year after gastrectomy.
Results  BWL data were available in 880 patients (ONS 437, control 443). BWL at 3 months was significantly lower in the 
ONS group than in the control group (7.1 ± 5.6% and 8.5 ± 5.8%, p = 0.0011). However, the difference gradually declined 
after 6 months and was not significant 1 year after surgery (9.3 ± 8.2% and 9.8 ± 8.7%, p = 0.37). In the ONS group, 50.4% 
of patients took more than 200 ml/day of ONS (average 301 ml) and showed significantly less BWL (8.2 ± 7.2%) at 1 year 
than the control (p = 0.0204).
Conclusion  The administration of ONS for 12 weeks after gastrectomy did not improve BWL at 1 year. However, the improve-
ment in BWL remained until 1 year after surgery in patients who took more than 200 kcal/day of ONS.
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Introduction

Body weight loss (BWL) remains a major complication 
of gastrectomy. Several articles have reported that BWL 
is associated with not only a remarkably deteriorated 
quality of life (QOL), but also reduced immune function 
and gastric cancer patient survival [1–4]. BWL due to 
gastrectomy occurs due to a miscellaneous mechanism, 
such as hypercatabolism related to inflammatory reac-
tions derived from surgical stress, reduced food intake 
and absorption owing to a loss of reservoir function, a 
decrease in pancreatic excretion and gastric acid level, and 
a reduction in ghrelin in the blood [5–8]. Despite various 
surgical approaches, such as avoiding total gastrectomy, 
[9, 10] performing minimally invasive surgery, [11] and 
constructing the jejunal pouch, [12] remarkable BWL 
remains unsolved. Although several studies of gastrecto-
mized patients using oral nutritional supplements (ONS) 
have been reported, their outcomes have been inconsist-
ent [13–17]. One of the reasons for these discrepancies is 
that there is no established ONS protocol (i.e., the type of 
ONS, the daily energy amount of ONS and the duration of 
intake are different among studies). Moreover, adherence 
to ONS may be another important factor that is strongly 
affected by nutritional counseling from surgeons, dietitians 
and pharmacologists.

BWL after gastrectomy is time dependent. For exam-
ple, BWL that occurs after total gastrectomy has been 
reported to be 15 ~ 20%, in which more than 80% of BWL 
is observed within the first 3 months and the remaining 
20% of BWL develops slowly over time [18]. This is 
because food intake gradually increases after gastrectomy 
and becomes stable after 6 months. Therefore, we hypoth-
esized that the prevention of BWL with ONS may be suffi-
cient for the first 3 months and that if ONS were effective, 
the patient would maintain the difference 1 year later.

This is the largest randomized controlled trial (RCT) of 
ONS ever performed, recruiting more than 1000 patients 
from more than 20 hospitals. The standardization of pro-
tocols and data management was achieved by meeting 
every 3 months. Here, we can demonstrate reliable data, 
which have been strongly desired among surgeons and all 
clinicians.

Methods

Study design and participants

A large-scale, multicenter, open-label phase III RCT in 
which 22 institutions in Japan participated was performed 

between November 11, 2013, and July 13, 2017. This RCT 
was organized by the Osaka University Clinical Research 
Group for Gastroenterological Study. We adopted the two-
stage patient enrollment system, and each stage had its own 
criteria to omit the surgical bias derived from complica-
tions that affect the endpoints and compliance with ONS. 
The first-stage eligible patients were aged 20–85 years old, 
underwent distal (including pylorus preservation), proxi-
mal, or total gastrectomy (DG, PG, and TG, respectively) 
for histologically proven primary gastric cancer with no 
clinical distant metastasis (H0, P0, and M0 except for cy1), 
and had adequate organ function. Another key criterion 
was an Eastern Cooperative Oncology Group performance 
status of 0–2. The exclusion criteria were remnant gastric 
cancer; contraindications for Racol® NF (Otsuka Phar-
maceuticals Factory, Tokyo, Japan), which was the ONS 
adopted in this study, and its composition was 4.38 g pro-
tein, 2.23 g lipid, and 15.62 g carbohydrate in a 100 mL 
volume; pregnancy; implantable medical device; and syn-
chronous or metachronous (within 5 years) malignancies 
other than carcinoma in situ. After primary enrollment, 
patients underwent gastrectomy and postsurgical manage-
ment following the routine clinical path of each hospital. 
Within 7 days after surgery, secondary enrollment was 
required on the same website according to the protocol. 
The secondary criteria included the following: (1) R0 or 
R1 (cy1) surgery, (2) no distant metastasis observed dur-
ing the operation, and (3) absence of postoperative com-
plications affecting the beginning of the oral diet, such 
as anastomotic leakage or pancreatic fistula. The study 
protocol was approved by the institutional review board 
of each participating hospital before initiation of the study.

Surgical procedure

Patients underwent standard gastrectomy and lymph node 
dissection according to the Japanese Gastric Cancer Treat-
ment Guidelines [19]. In brief, D1 plus lymphadenectomy 
(D1 + dissection) was performed in patients with cT1 tumors 
without regional lymph node metastasis, and D2 lymphad-
enectomy was performed in patients with cT1 tumors with 
regional lymph node metastasis and in patients with cT2–4 
tumors. However, D1 plus lymphadenectomy was adopted 
occasionally for high-risk patients even with advanced 
cancer depending on the situation. The surgical approach 
(i.e., open or laparoscopic) and reconstruction method 
were not prespecified. At least one expert gastric surgeon 
who had performed more than 100 gastrectomies involved 
the surgery. The operative methods and pathology results 
were recorded according to the 14th edition of the Japa-
nese Classification of Gastric Carcinoma. [20] Postsurgical 
management, including nutritional treatments except the 
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administration of ONS, was generally performed according 
to the clinical path of each participating institution.

Randomization and masking

Both the primary and secondary enrollments were per-
formed through a web-based system established for this trial, 
and randomization was performed with a computer-gener-
ated minimization method. After the second enrollment, 
patients were randomly assigned (1:1) to either the intensive 
nutrition group (ONS group) or the control nutrition group 
(control group), and patients were stratified according to the 
institution, disease stage, and type of gastrectomy. Investiga-
tors were informed of the treatment allocation via the inter-
net and performed the appropriate nutritional management. 
Patients and investigators were unblinded to the assignment 
group. The data center, based at the Osaka University Clini-
cal Research Group, was responsible for treatment alloca-
tion, central monitoring, and statistical analyses under the 
supervision of the statistician in charge.

Nutritional management of each group

With regard to postoperative nutrition management, patients 
in both groups consumed a regular diet with no restrictions. 
Patients assigned to the ONS group received 400 ml/day 
(400 kcal/day) Racol® NF in addition to their regular diet 
for 3 months beginning within 3 days after starting a regular 
oral diet. In principle, the continuation of Racol® NF beyond 
3 months after gastrectomy or taking another oral nutritional 
supplement was inhibited unless an attending physician 
judged its necessity. Patients assigned to the control group 
continued their regular diet without ONS, except when an 
attending physician considered the patient’s medical need 
for ONS. Patients recorded the amount of daily ONS intake 
using a prepared dietary survey notebook. Measurements of 
body weight were performed at baseline (preoperatively) and 
at 1, 3, 6, and 12 months after gastrectomy with the desig-
nated body composition analyzer [HBF-214 scale (OMRON 
Healthcare Co., Ltd.)]. Postoperative surveillance for recur-
rences with laboratory examinations and computed tomog-
raphy images was planned at 6 and 12 months after surgery. 
Although adjuvant cancer treatment was not prescribed, S-1 
treatment was started in principle if R0 resection was per-
formed and the pathological stage was II (excluding cT1) 
or III according to the Japanese Gastric Cancer Treatment 
Guidelines [19].

Our primary endpoint was the percentage of body weight 
loss (%BWL) at 1 year after gastrectomy [postoperative year 
(POY) 1], calculated as follows: (bodyweight at baseline-
bodyweight at 1 year after surgery)/bodyweight at base-
line × 100. The secondary endpoints were the %BWL at 
3 months after gastrectomy [postoperative month (POM) 

3] and changes in nutrition-related and other blood labora-
tory data (lymphocyte count, hemoglobin level, C-reactive 
protein (CRP), total protein, albumin, total cholesterol, AST, 
ALT, total bilirubin, and creatinine). The severity of sur-
gery-related complications was classified according to the 
Clavien-Dindo classification system and compared between 
the two groups [21]. With regard to other adverse events 
except surgical complications, the frequency and severity 
of those in inpatient and outpatient care were also recorded 
and classified into three groups: slight: temporary or minor 
events that need no treatment and do not affect patients’ 
daily lives, moderate: events that often need treatment and 
affect patients’ daily lives, and severe: events that need a 
particular intervention or hospital treatment.

Statistical analysis

We planned a total sample size of 1000 patients, and it was 
indispensable for 300 patients undergoing total gastrectomy 
to be included. This sample size would provide a power of 
90% and a two-sided significance level of 0.05 to detect 
superiority in terms of the %BWL 1 year after gastrectomy. 
The %BWL was anticipated in 5.4% of patients in the ONS 
group and in 9.4% of patients in the control group, allow-
ing for missing data for any reason (e.g., lost to follow-up 
or death) of approximately 15%. Such a statistical hypoth-
esis was determined by reference to our past clinical trial 
data [22]. The planned accrual period was 4 years, and the 
interim analysis, which targeted the %BWL 3 months after 
gastrectomy, was projected at the time of enrollment with 
250 patients per group. If the interim analysis could not 
show less body weight reduction in the ONS group than in 
the control group, it would lead to the termination of this 
trial.

We performed the statistical analysis based on a full anal-
ysis set (FAS) and a per protocol set (PPS). The FAS was 
defined as the group of patients who were randomized after 
secondary enrollment and who met the following criteria: (1) 
patients for whom valid data were available; and (2) patients 
without major protocol violations, such as informed consent 
procedure not being observed properly. PPS was defined as 
the subgroup of patients in the FAS who also met the fol-
lowing criteria: (1) patients who met all of the inclusion 
criteria and did not meet any of the exclusion criteria, (2) 
patients to whom nutritional therapy was administered as 
described above in the “Nutritional management” section 
and who could receive at least 50% of the total planned calo-
ries of Racol® NF by day 90 after surgery, and (3) patients in 
whom all parameters required to assess the primary endpoint 
were measured at specified time points. Continuous numeri-
cal 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). We 
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used the χ2 test to compare binary variables and the t-test to 
compare continuous variables. All p values of less than 0.05 
were judged as significant.

The primary outcome was analyzed in the FAS and PPS 
groups according to the protocol. Comparisons between 
the two groups (i.e., the ONS group and the control group) 
were performed using an unpaired t-test, and values in each 
group are documented as the mean and SD. After perform-
ing univariate regression analyses to identify factors that 
were potentially associated with %BWL, a multiple logistic 
regression analysis was performed to reveal independent fac-
tors associated with %BWL by adjusting for sex, age, body 
mass index (BMI), type of gastrectomy, and disease stage. 
We also used unpaired and paired t-tests to analyze the sec-
ondary outcomes for calculating and comparing outcomes. 
Subgroup analyses were performed by logistic regression 
analysis to assess the statistical interactions between treat-
ment and the five similar prespecified subgroups described 
above. Because of the exploratory nature of subgroup 
comparisons, we report the test results without multiplic-
ity adjustment of type I error. Patient characteristics were 
compared between the two groups using unpaired t tests or 
χ2 tests. The trial is registered at the UMIN Clinical Trials 
Registry (UMIN-CTR) (UMIN000011919).

Funding

The sponsor, the Supporting Center for Clinical Research 
and Education (SCCRE), which is supported by several 
companies, including Otsuka Pharmaceutical Factory and 
EN Otsuka Pharmaceutical, who sale and produce Racol® 
NF, had no role in the study design, data collection, analysis, 
interpretation, or writing of the article. The corresponding 
author had full access to all the data and was responsible for 
the decision to submit for publication.

Results

Figure 1 demonstrates the trial profile. A total of 1167 
patients from 22 institutions were registered in the first stage, 
and the review of all case report forms revealed that three 
patients were ineligible for inclusion. After elective gastrec-
tomy, 161 patients were excluded for several reasons, such as 
withdrawal, R2 surgery, distant metastasis, and an inability 
to take oral diets and medications with any surgical compli-
cations. Finally, 1003 patients were enrolled at the second 
stage and randomly assigned: 503 to the control group and 
500 to the ONS group. Almost 70 patients in each group had 
no body weight data for several reasons, such as neglecting 
to weigh patients, withdrawals, deaths, and termination of 
the protocol treatment judged by surgeons due to any medi-
cal or surgical events until 3 months after gastrectomy; thus, 

the full analysis dataset population comprised 443 patients 
in the control group and 437 in the ONS group at 1 year 
after gastrectomy.

The patients’ baseline demographics, clinical character-
istics, and surgical factors were balanced between the two 
groups at secondary enrollment (Table 1). Regarding 300 
patients who underwent TG, 152 and 148 patients were allo-
cated to the control and ONS groups, respectively. Except 
for TG, more than 90% of the patients underwent DG (320 
and 321, respectively), and the remaining patients underwent 
PG (31 and 31, respectively). The proportion of patients 
who underwent a laparoscopic approach reached three-fifths. 
After secondary enrollment, the occurrence of all surgical 
complications, which consisted of hemorrhage, anastomotic 
leakage, pancreatic fistula, intraabdominal abscess, ileus, 
bile leakage, wound-related complications, pneumoniae, 
pleural effusion, chylous ascites, coagulation/thrombosis, 
and other minor complications, was 13.5% (119/880). No 
difference with regard to the occurrence of complications 
was observed between the two groups [control: 14.0% 
(62/443), ONS: 13.0% (57/437), p = 0.797], even for infec-
tious complications (control: 6.5%, ONS: 6.6%). Over grade 
III postoperative complications according to Clavien-Dindo 
classification were also not different between the two groups 
(Supplementary Table 2). Figure 2 shows the proportion of 
the actual intake dose of ONS. Daily records of ONS were 
available in 385 of 437 patients in the FAS analysis, and 
the mean compliance with ONS was almost half of the total 
planned intake, which was 208 ± 118 (95% CI – 196–220) 
kcal/day.

The mean ± SD %BWL at POM 3 was 8.5 ± 5.8% (95% 
CI 9.0–7.9) in patients in the control group and 7.1 ± 5.6% 
(95% CI 7.7–6.6) in patients in the ONS group; the %BWL 
differed significantly between the two groups (p = 0.0011), 
and these significant differences also continued until POM 
6 [9.7 ± 7.4% (95% CI 10.4–9.0) in patients in the control 
group and 8.6 ± 7.2% (95% CI 9.2–7.9) in patients in the 
ONS group, p = 0.0228]. Moreover, the %BWL at POY 1 
did not differ significantly between the two groups [con-
trol group: 9.8 ± 8.7% (95% CI 10.7–9.0) vs. ONS group: 
9.3 ± 8.2% (95% CI 10.1–8.6), p = 0.37] (Fig.  3). The 
stratified analysis at POM 3 revealed that the %BWL was 
significantly lower in the ONS group than in the con-
trol group among patients who underwent DG (n = 257 
and 259, respectively; 5.4 ± 4.7% [95% CI 6.0–4.8] vs. 
6.7 ± 5.5% [95% CI 7.3–6.0], p = 0.0056). A similar trend 
was observed in patients with PG (n = 26 and 25, respec-
tively; 7.9 ± 5.2% [95% CI 10.0 to 5.8] vs. 11.1 ± 4.8% [95% 
CI 13.0 to 9.1], p = 0.029), while such a trend was not shown 
in TG (n = 110 and 120, respectively; 11.0 ± 5.7% [95% CI 
12.1–9.9] vs. 11.8 ± 4.8% [95% CI 12.7–10.9], p = 0.250) 
(Supplemental Figure A). In the other stratified analysis at 
POM 3 with regard to disease stage, the ONS group showed 
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significantly less %BWL than the control group, but only in 
patients with pathological stage I (n = 256 and 265, respec-
tively; 6.1 ± 4.9% [95% CI 6.7–5.5] vs. 7.8 ± 6.0% [95% CI 
8.6–7.1], p = 0.0005), although a significant difference was 
not observed in patients with pStage II-III and IV (Sup-
plemental Figure B). In terms of the %BWL at POY 1, all 
subgroup analyses demonstrated no significant differences 
between the two groups. Univariate and multivariate analy-
ses performed to identify predictors of %BWL at POY 1 
are shown in Table 2. A BMI over 22 and TG were identi-
fied as independent risk factors for BWL at POY 1. In addi-
tion, we performed a post hoc subset analysis to identify 

potential interactions between the %BWL at POY 1 and 
patient backgrounds (Fig. 4); however, no interaction was 
observed. Figure 5 demonstrates the body weight changes 
of the three groups: the control group, the PPS group (taking 
more than 200 kcal of Racol® per day), and the remaining 
ONS group (taking less than 200 kcal of Racol® per day). 
The number and rate of patients who fulfilled the criteria for 
the PPS group among the ONS group were 194 and 49.6%, 
respectively. The %BWL of the PPS group was significantly 
less at every point than that of the other two groups, which 
indicated that the PPS analysis had met both the primary and 
secondary endpoints related to the %BWL.

Fig. 1   Schematic of the study design
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No significant differences between the two groups were 
observed in terms of hematological and biochemical param-
eters (Supplementary Table 3). We did not identify any 
severe adverse events directly related to the intake of ONS, 
although more gastroenterological adverse events, such as 

nausea, diarrhea, and abdominal pain, were reported in the 
ONS group than in the control group due to the occurrence 
of ONS-related adverse events (Supplementary Table 4).

Discussion

A nonvolitional reduction in body weight after gastrectomy 
is a phenotype associated with malnutrition, an inevitable 
and serious problem that correlates with a decline in postop-
erative QOL, decreased immune functions, and a poor gas-
tric cancer prognosis [3, 23–25]. Various approaches against 
pleural harmful effects on body weight due to gastrectomy 
have been attempted, although remarkable BWL correspond-
ing to a severe grade of malnutrition according to the Global 
Leadership Initiative on Malnutrition (GLIM) criteria [26, 
27] remains an unresolved problem, especially for patients 
undergoing total gastrectomy. Whether nutritional support 
with ONS can be effective “universally” is of concern, since 
any nutritional intervention approach is indispensable for 
patients undergoing gastrectomy. Unfortunately, our results 
of the first large-scale RCT did not show that the administra-
tion of ONS for 3 months after gastrectomy could prevent 
BWL at POY 1 after gastrectomy as a primary endpoint, 
although its effectiveness was statistically significant until 
6 months after gastrectomy. However, the PPS analysis dem-
onstrated a significantly smaller reduction in BWL at both 
3 months and 1 year after gastrectomy. These results may 
indicate that drinking more than 200 kcal/day of ONS within 
the first 3 months could be effective and that such efficacy 
could be maintained up to 1 year after gastrectomy, as we 
hypothesized.

Two independent risk factors related to %BWL at POY 1, 
namely, a high BMI (≥ 22) and TG, were extracted from the 
multivariate analysis, and the results were almost consist-
ent with those from previous cohort studies [4, 16, 18]. For 
patients with such risk factors, receiving strong and compel-
ling nutritional support, such as ONS and feeding tubes, may 
be required to prevent severe BWL.

The European Society for Parenteral and Enteral Nutri-
tion (ESPEN) guidelines state that early enteral feeding is 
relevant for any surgical patient with nutritional risks, espe-
cially those undergoing upper gastrointestinal surgery [28]. 
Although several clinical trials have reported the usefulness 
of nutritional intervention, including ONS, for short-term 
results (e.g., a postoperative recovery reduction in the infec-
tion ratio and a short hospital stay), the mid- and long-term 
effects or strategies with regard to BWL have not yet been 
fully discussed. Recently, gastric cancer surgeons have paid 
attention to short- and mid-term BWL after gastrectomy 
since it could affect the dose intensity of adjuvant chemo-
therapy and the survival of gastric cancer patients. Although 
some studies on ONS have been performed, the efficacy of 

Table 1   Baseline demographic and clinical characteristics

Data are shown as the number of patients (%) or the mean (± stand-
ard deviation). The TNM stage was classified according to the 14th 
edition of the Japanese Classification of Gastric Carcinoma [20]. 
PS = performance status, NA not available, CRP C-reactive protein, 
AST aspartate aminotransferase, ALT alanine aminotransferase

Control ONS p value
(n = 503) (n = 500)

Sex
 Male 330 (65.6) 322 (64.4) 0.689
 Female 173 (34.4) 178 (35.6)

Age, years 67.1 ± 10.1 66.4 ± 10.6 0.325
ECOG PS
 0 443 (88.1) 446 (89.2) 0.757
 1 54 (10.7) 50 (10.0)
 2 6 (1.2) 4 (0.80)

Comorbidities, ±  321/181 323/177 0.829
Type of gastrectomy
 Total gastrectomy 152 (30.2) 148 (29.6) 0.978
 Distal gastrectomy 320 (63.6) 321 (64.2)
 Proximal gastrectomy 31 (6.2) 31 (6.2)

Operative approach
 Open 194 (38.6) 192 (38.4) 0.956
 Laparoscopic 309 (61.4) 308 (61.6)

Clinical TNM stage
 I 309 (61.4) 307 (61.4) 0.952
 II 112 (22.3) 117 (23.4)
 III 80 (15.9) 74 (14.8)
 IV 2 (0.40) 2 (0.40)

Pathological TNM stage
 I 303 (60.2) 294 (58.8) 0.428
 II 101 (20.1) 95 (19.0)
 III 82 (16.3) 99 (19.8)
 IV 17 (3.4) 12 (2.4)

Adjuvant chemotherapy, ± /NA 129/338/36 125/337/38 0.846
Body weight, kg 59.4 ± 11.3 59.2 ± 11.2 0.847
Body mass index, kg/m2 22.6 ± 3.2 22.5 ± 3.2 0.699
Lymphocyte count,/mm3 1782 ± 618 1730 ± 592 0.173
Hemoglobin, g/dL 13.1 ± 2.0 13.0 ± 1.9 0.644
CRP, mg/dL 0.28 ± 0.83 0.20 ± 0.53 0.073
Total protein, g/dL 6.93 ± 0.61 6.90 ± 0.58 0.354
Albumin, g/dL 4.08 ± 0.47 4.09 ± 0.45 0.726
AST, IU/L 22.4 ± 8.1 21.7 ± 7.4 0.160
ALT, IU/L 19.0 ± 11.6 18.9 ± 14.2 0.928
Total bilirubin, mg/dL 0.62 ± 0.29 0.63 ± 0.30 0.889
Creatinine, mg/dL 0.80 ± 0.19 0.79 ± 0.19 0.386
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ONS is very controversial. Although an existing positive 
effect of ONS on BWL may be too weak to show a sig-
nificant impact even in prospective randomized studies, [29] 
almost all studies on ONS with patients undergoing gastrec-
tomy have referred to the importance of adherence to ONS. 
Kobayashi et al. [30] reported the efficacy of postoperative 
ONS in a single-arm study, which was similar to our study. 
Coincidentally, the average dose intensity of Racol® NF in 
their study was 52.7% (95% CI 46.5–58.8%), with 211 kcal, 

and patients who tolerated more than 200 kcal of ONS 
showed less BWL than those reported in other studies, as in 
ours [30]. Compared to these studies, only previous RCTs 
with positive results, such as the one conducted by Ima-
mura et al. [16], reported a higher adherence of 68.7 ± 30.4% 
with 206 kcal. However, the comprehensive interpretation 
of oral nutritional supplement adherence might indicate the 
necessity of an intake of more than 200 kcal of ONS per 
day from both previous studies and ours on ONS. Although 

Fig. 2   Oral nutritional supplement adherence of 385 patients with daily records

Fig. 3   Comparison of body 
weight changes after gastrec-
tomy between two groups. 
Asterisks indicate a significant 
difference between the inter-
vention and control groups 
(p < 0.05)
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another key point with regard to the administration of ONS 
is the way of increasing the adherence of ONS and the dos-
ing period, sufficient evidence is not available, and further 
studies are warranted.

Our hypothesis and rationale for determining the dura-
tion and amount of oral nutritional supplement administra-
tion were based on the results of our previous randomized 
controlled study [22] and other reports [18]. Especially 

regarding the amount of caloric intake derived from ONS, 
we set the daily dose by converting the expected %BWL in 
the hypothesis to the intake energy. In addition, we hypoth-
esized that it was the most effective to initiate ONS as soon 
as possible and continue for at least 3 months after gastrec-
tomy. Although our hypothesis was that the early prevention 
of weight reduction during the most severe period would 
have a positive effect on the final body weight, it was proven 

Table 2   Univariate and 
multivariate analyses to identify 
predictors of body weight loss 
1 year after gastrectomy

Univariate analysis 
OR (95% CI)

p value Multivariate analysis 
OR (95% CI)

p value

ONS (Present vs. Absent) 0.87 (0.67–1.14) 0.3123
Age (years) (< 60 vs. ≥ 60) 0.70 (0.50–0.97) 0.0349 0.87 (0.60–1.26) 0.4604
Sex (Male vs. Female) 0.91 (0.62–1.07) 0.1468
BMI (< 22 vs. ≥ 22) 0.33 (0.25–0.44) < 0.0001 0.32 (0.23–0.43) < 0.0001
Procedure (Total vs. Proximal 

gastrectomy)
4.49 (3.25–6.27) < 0.0001 4.80 (3.38–6.92) < 0.0001

Pathological Stage (I vs. II·III) 0.68 (0.51–0.90) 0.0063 0.90 (0.65–1.24) 0.5006

Fig. 4   Subgroup analyses of the potential interaction between the 
%body weight loss at 1  year after gastrectomy and patient back-
grounds. The data cutoff was 9.2%, which was the median value at 

1 year after gastrectomy in the FAS. The odds ratio was calculated for 
patients in the intervention group and for those in the control group
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incorrect with this large-scale RCT. However, routine, suf-
ficient intake of ONS (more than 200 kcal per day) and a 
regular diet significantly prevented BWL not only during 
the treatment period, but also during the period after the 
termination of ONS (at 6 POM and 1 POY) (Fig. 5). This 
novel result might indicate that sufficient intake of ONS has 
a legacy effect on the prevention of BWL, which could be 
very useful for establishing postoperative nutritional guide-
lines in the clinical pathway after surgery for gastric cancer. 
Our study data, as a whole, indicated that the administration 
of ONS can be considered or recommended as a standard 
supportive treatment after gastrectomy, though it may be 
desirable to take more than 200 kcal of ONS per day.

This study had several limitations. First, we had no 
information on the precise caloric intake of the regu-
lar diet, and the amount of oral nutritional supplement 
intake was calculated by self-enumeration with a prepared 
dietary notebook. Therefore, the influence of oral nutri-
tional supplement intake on the patient’s regular diet and 
the difference in total dietary energy intake between the 
two groups are unknown. Some patients may have suf-
fered from postgastrectomy symptoms, such as feelings 
of fullness, abdominal discomfort, or diarrhea, due to 
drinking ONS. Second, all participants were Japanese, 
and safety and efficacy data may be applicable only to 
East Asians. Third, as the nutritional agent, we adopted 
only Racol® NF, which is only commercially available in 
all participating institutions for both inpatient and outpa-
tient settings, contains the three major nutrients balanced 
in accordance with dietary reference intakes for Japanese 
patients, and prohibits other types of ONS. For gastrecto-
mized patients, the optimal composition or configuration 

(e.g., an elemental diet or predigested nutrients) has been 
unknown from past evidence. Although the type of ONS 
may have little impact on the %BWL compared to the 
amount of calorie intake, comparative or unregulated tri-
als with regard to oral nutritional supplement types are 
still required to identify the most appropriate way to use 
ONS. Fourth, we did not directly compare QOL at POM 
3. Although the ONS group showed a significant reduc-
tion in BWL at POM 3 in the FAS, it must be discussed 
whether the difference of 1.4%, which corresponded to 
approximately 1 kg as the restraint quantity, has clinical 
significance for patients. It will be important to determine 
whether the amount of BWL can have a negative effect on 
patient QOL, and its answer must be able to be quantified 
when nutritional intervention will be performed.

Conclusion

This large-scale RCT did not show the efficacy of the rou-
tine administration of ONS for 3 months after gastrectomy 
for preventing BWL at POY 1, although their effectiveness 
was validated as an improvement over a regular diet, but 
only while taking them. However, a daily sufficient amount 
of ONS for 3 months after gastrectomy may have poten-
tial advantages and legacy effects on the reduction in BWL 
beyond the time of oral administration.
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group (p < 0.05). Daggers indicate a significant difference between 
the per protocol set and the remaining intervention group (p < 0.05)

https://doi.org/10.1007/s10120-021-01188-3


1159Oral nutritional supplements versus a regular diet alone for body weight loss after gastrectomy:…

1 3

Declarations 

Conflict of interest  YD has received lecture fees from Taiho Pharma-
ceutical, Chugai Pharmaceutical, Ono Pharmaceutical, Eli Lilly, MSD, 
Daiichi Sankyo, Yakult Honsha, Takeda Pharmaceutical, Kaken Phar-
maceutical, Abbott Japan, Eisai, Shionogi, Otsuka Pharmaceutical, 
Ajinomoto Pharmaceutical, Teijin Pharma, Sanofi, Astellas Pharma, 
Tsumura, AstraZeneca, Asahi Kasei Pharma, Medtronic, Johnson & 
Johnson, Olympus, and Intuitive Surgical, Nippon Kayaku, Novartis 
Pharma, Pfizer Japan, CSL Behring, and Nestle. JM has received lec-
ture fees from Chugai Pharmaceutical.

Human rights statement  Alinfol procedures followed were in accord-
ance with the ethical standards of the responsible committee on human 
experimentation (institutional and national) and with the Helsinki Dec-
laration of 1964 and later versions.

Informed consent  Informed consent was obtained from all patients for 
inclusion in the study.

References

	 1.	 Kong H, Kwon OK, Yu W. Changes of quality of life after gastric 
cancer surgery. J Gastric Cancer. 2012;12:194–200.

	 2.	 Demas GE, Drazen DL, Nelson RJ. Reductions in total body fat 
decrease humoral immunity. Proc Biol Sci. 2003;270:905–11.

	 3.	 Andreyev HJ, Norman AR, Oates J, Cunningham D. Why do 
patients with weight loss have a worse outcome when undergo-
ing chemotherapy for gastrointestinal malignancies? Eur J Cancer. 
1998;34:503–9.

	 4.	 Tanabe K, Takahashi M, Urushihara T, et al. Predictive factors 
for body weight loss and its impact on quality of life following 
gastrectomy. World J Gastroenterol. 2017;23:4823–30.

	 5.	 Friess H, Bohm J, Muller MW, et al. Maldigestion after total gas-
trectomy is associated with pancreatic insufficiency. Am J Gas-
troenterol. 1996;91:341–7.

	 6.	 Bragelmann R, Armbrecht U, Rosemeyer D, Schneider B, Zilly 
W, Stockbrugger RW. Nutrient malassimilation following total 
gastrectomy. Scand J Gastroenterol Suppl. 1996;218:26–33.

	 7.	 Kurokawa Y, Sasako M, Sano T, et al. Functional outcomes after 
extended surgery for gastric cancer. Br J Surg. 2011;98:239–45.

	 8.	 Doki Y, Takachi K, Ishikawa O, et al. Ghrelin reduction after 
esophageal substitution and its correlation to postopera-
tive body weight loss in esophageal cancer patients. Surgery. 
2006;139:797–805.

	 9.	 Furukawa H, Kurokawa Y, Takiguchi S, et al. Short-term out-
comes and nutritional status after laparoscopic subtotal gastrec-
tomy with a very small remnant stomach for cStage I proximal 
gastric carcinoma. Gastric Cancer. 2018;21:500–7.

	10.	 Jiang X, Hiki N, Nunobe S, et al. Laparoscopy-assisted subtotal 
gastrectomy with very small remnant stomach: a novel surgical 
procedure for selected early gastric cancer in the upper stomach. 
Gastric Cancer. 2011;14:194–9.

	11.	 Abdiev S, Kodera Y, Fujiwara M, et al. Nutritional recovery 
after open and laparoscopic gastrectomies. Gastric Cancer. 
2011;14:144–9.

	12.	 Ward MA, Ujiki MB. Creation of a jejunal pouch during laparo-
scopic total gastrectomy and Roux-en-Y esophagojejunostomy. 
Ann Surg Oncol. 2017;24:184–6.

	13.	 Aoyama T, Yoshikawa T, Ida S, et al. Effects of perioperative 
eicosapentaenoic acid-enriched oral nutritional supplement on 
lean body mass after total gastrectomy for gastric cancer. J Can-
cer. 2019;10:1070–6.

	14.	 Hatao F, Chen KY, Wu JM, et al. Randomized controlled clini-
cal trial assessing the effects of oral nutritional supplements in 
postoperative gastric cancer patients. Langenbecks Arch Surg. 
2017;402:203–11.

	15.	 Ida S, Hiki N, Cho H, et al. Randomized clinical trial compar-
ing standard diet with perioperative oral immunonutrition in total 
gastrectomy for gastric cancer. Br J Surg. 2017;104:377–83.

	16.	 Imamura H, Nishikawa K, Kishi K, et al. Effects of an oral ele-
mental nutritional supplement on postgastrectomy body weight 
loss in gastric cancer patients: a randomized controlled clinical 
trial. Ann Surg Oncol. 2016;23:2928–35.

	17.	 Kong SH, Lee HJ, Na JR, et  al. Effect of perioperative oral 
nutritional supplementation in malnourished patients who 
undergo gastrectomy: a prospective randomized trial. Surgery. 
2018;164:1263–70.

	18.	 Davis JL, Selby LV, Chou JF, et al. Patterns and predictors of 
weight loss after gastrectomy for cancer. Ann Surg Oncol. 
2016;23:1639–45.

	19.	 Japanese Gastric Cancer Association. Japanese gastric cancer 
treatment guidelines 2014 (ver. 4). Gastric Cancer 2017; 20: 
1–19.

	20.	 Japanese Gastric Cancer Association. Japanese classification of 
gastric carcinoma: 3rd English edition. Gastric Cancer 2011; 14: 
101–12.

	21.	 Dindo D, Demartines N, Clavien PA. Classification of surgical 
complications: a new proposal with evaluation in a cohort of 6336 
patients and results of a survey. Ann Surg. 2004;240:205–13.

	22.	 Hirao M, Takiguchi S, Imamura H, et al. Comparison of billroth 
I and Roux-en-Y reconstruction after distal gastrectomy for gas-
tric cancer: one-year postoperative effects assessed by a multi-
institutional RCT. Ann Surg Oncol. 2013;20:1591–7.

	23.	 Aoyama T, Sato T, Maezawa Y, et al. Postoperative weight loss 
leads to poor survival through poor S-1 efficacy in patients with 
stage II/III gastric cancer. Int J Clin Oncol. 2017;22:476–83.

	24.	 Daly LE, Ni Bhuachalla EB, Power DG, Cushen SJ, James K, 
Ryan AM. Loss of skeletal muscle during systemic chemotherapy 
is prognostic of poor survival in patients with foregut cancer. J 
Cachexia Sarcopenia Muscle. 2018;9:315–25.

	25.	 Ohkura Y, Haruta S, Tanaka T, Ueno M, Udagawa H. Effective-
ness of postoperative elemental diet (Elental®) in elderly patients 
after gastrectomy. World J Surg Oncol. 2016;14:268.

	26.	 Cederholm T, Jensen GL, Correia M, et al. GLIM criteria for the 
diagnosis of malnutrition—a consensus report from the global 
clinical nutrition community. Clin Nutr. 2019;38:1–9.

	27.	 Jensen GL, Cederholm T, Correia M, et al. GLIM criteria for 
the diagnosis of malnutrition: a consensus report from the global 
clinical nutrition community. JPEN J Parenter Enteral Nutr. 
2019;43:32–40.

	28.	 Weimann A, Braga M, Carli F, et al. ESPEN guideline: clinical 
nutrition in surgery. Clin Nutr. 2017;36:623–50.

	29.	 Koller M, Schutz T, Valentini L, Kopp I, Pichard C, Lochs H. Out-
come models in clinical studies: implications for designing and 
evaluating trials in clinical nutrition. Clin Nutr. 2013;32:650–7.

	30.	 Kobayashi D, Ishigure K, Mochizuki Y, et al. Multi-institutional 
prospective feasibility study to explore tolerability and effi-
cacy of oral nutritional supplements for patients with gastric 
cancer undergoing gastrectomy (CCOG1301). Gastric Cancer. 
2017;20:718–27.

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Oral nutritional supplements versus a regular diet alone for body weight loss after gastrectomy: a phase 3, multicenter, open-label randomized controlled trial
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Study design and participants
	Surgical procedure
	Randomization and masking
	Nutritional management of each group
	Statistical analysis
	Funding

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




