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Abstract
Background: In previous our phase III study to compare perioperative standard diet with or without
Eicosapentaenoic acid (EPA)-enriched oral nutritional supplement (EPA-ON), additional EPA-ON did not
contribute to prevent body weight loss after total gastrectomy. This report clarified whether EPA-ON could
prevent loss of lean body mass (LBM) after total gastrectomy, a key secondary endpoint, in our phase III trial.
Methods: This phase III study was designed as multicenter, open-label, superiority, randomized trial to confirm
the preventive effect of EPA-ON body weight loss after total gastrectomy for gastric cancer. Eligible patients
were randomized to either Standard-diet group or EPA-ON group by a centralized dynamic method.
Standard-diet group was given no additional nutritional supplementation perioperatively (standard diet), while
EPA-ON group was given an EPA-enriched supplement (ProSure®, Abbott Japan, Tokyo, Japan) in addition to
their standard diet. This supplement included 600 kcal with 2.2 g/day of EPA. For both groups, patients
underwent total gastrectomy with Roux-en Y reconstruction.
Results: A total of 123 patients (Group A: 60, Group B: 63) were analyzed in the study. All background factors
were well balanced between the both groups. Median loss of LBM was 6.74% (range -3.91% to 20.27%) in the
Standard-diet group and 6.89% (range -5.11% to 20.04%) in the EPA-ON group at 1 month after surgery and
was 8.59% (range -4.40% to 20.27%) in the Standard-diet group and 7.77% (range -5.57% to 23.35%) in the
EPA-ON group at 3 months after surgery, which was not significantly different at the both (p=0.794 and
p=0.393, respectively).
Conclusions: The perioperative EPA-ON could not be recommended to prevent loss of LBM after total
gastrectomy.
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Introduction
Gastric cancer had 951,600 new cancer cases and
723,100 deaths occurred in 2012 [1]. When gastric

cancer is limited to the local site, surgical resection is
mainstay for the cure of gastric cancer. However,
http://www.jcancer.org
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gastrectomy has a risk of surgical invasion and loss of
the stomach. Among post-gastrectomy symptoms,
body weight loss is unavoidable after gastrectomy 2,3.
Previous studies demonstrated that weight loss
decreased nutritional status, postoperative quality of
life, compliance of S-1 adjuvant chemotherapy which
could lead to the poor survival [4, 5]. Weight loss after
total gastrectomy may occur through various
mechanisms, such as hyper catabolism associated
with inflammatory reactions due to surgical stress,
reduced food intake owing to loss of reservoir
function, and reduction in blood ghrelin level [6].
Eicosapentaenoic acid (EPA), a long-chain
polyunsaturated fatty acid of the omega-3 (n-3)
family, has both anabolic and immunomodulatory
properties, making it attractive for use during the
postoperative period. Ryan et al reported that enteral
nutrition including EPA tended to preserve the body
weight and lean body mass after esophagectomy in a
double blinded randomized study, suggesting that
EPA has benefits even for patients who undergo
major surgery [7]. Based on these, we conducted the
prospective randomized phase III trial to evaluate
whether the perioperative administration of an
EPA-enriched oral nutritional supplement (EPA-ON)
can prevent body weight loss after total gastrectomy
for gastric cancer [8]. However, additional EPA-ON
did not contribute to prevent weight loss in our phase
III study. Body weight consists of fat mass and lean
body mass (LBM). Because loss of fat mass is a major
contributor for body weight loss observed after
gastrectomy [9], effects of EPA-ON on LBM could be
masked behind body weight lose including loss of fat
mass. Recently, we reported that decrease of 5% or
more in LBM increased toxicity and decreased
compliance of adjuvant chemotherapy with S-1 in
stage II /III gastric cancer patients. Thus, it must be
clinically interesting to see whether EPA-ON could
prevent only 5% decrease in LBM [10].
LBM is a key secondary endpoint of our phase III
study. This report clarifies whether additional
EPA-ON prevents loss of LBM after total gastrectomy
in this phase III study.

Patients and Methods
The present study was designed as multicentre,
open-label, superiority, randomized phase III trial to
evaluate the preventive effect of EPA on body weight
loss after total gastrectomy for gastric cancer. This
clinical trial was registered at the University Hospital
Medical Information Network Clinical Trials Registry
(UMIN000006380). Patients were recruited between
October 2011 and July 2014. The details of this trial
were described in the previous report [8, 11]. Briefly,
key eligibility included histologically proven
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adenocarcinoma of the stomach, clinical T1-T4a and
M0, the possibility of R0 resection by total
gastrectomy, sufficient oral intake and organ function,
and age ranging between 20 and 80 years. Eligible
patients were randomized to either Standard-diet
group or EPA-ON group by a centralized dynamic
method. Standard-diet group was given no additional
nutritional
supplementation
perioperatively
(standard diet), while EPA-ON group was given an
EPA-enriched supplement (ProSure®, Abbott Japan,
Tokyo, Japan) in addition to their standard diet. This
supplement included 600 kcal with 2.2 g/day of EPA.
The hospital diet was not restricted. The amount of
the supplements consumed was counted. The
supplement was given from 7 days to 1 day before
surgery. For patients undergoing total gastrectomy,
regardless of whether it was curative resection, the
supplement was given for 21 days when oral intake
was initiated after total gastrectomy. Perioperative
care other than EPA-enriched supplement followed
routine clinical practice performed in each institution
in both groups. In the present study, we decided that
30% reduction in % body weight loss is necessary for
this test treatment, considering the balance between
the risk and benefit. From the retrospective data in
our institution, we estimated % body weight loss as
8.5% at 1 month and 11.0% at 3 months in the control
arm. Considering 30% risk reduction, % body weight
loss was estimated as 6.0% at 1 month and 7.7% at 3
months in the test arm. Thus, we assumed that the
expected difference in the % body weight loss
between both arms would be 2.5% (SD 4.0%) and 3.3%
(SD 5.5%) at 1 and 3 months, respectively. In this
situation, the sample size required to ensure an at
least 80% probability for both hypotheses was 110
patients, with 55 patients per arm. Considering the
likelihood of enrolling ineligible patients, the number
of patients to be accrued was set at 120 in total.

Surgery
For both groups, the patients underwent open or
laparoscopic total gastrectomy with Roux-en Y
reconstruction. The extent of dissection principally
followed the third edition of the Gastric Cancer
Treatment Guideline published by the Japanese
Gastric Cancer Association [12, 13]. Spleen-preserving
D2 total gastrectomy was permitted in this study.

Perioperative data collection
The body composition was assessed using
multifrequency bioelectrical impedance with eight
tactile electrodes (MC-190EM; Tanita, Tokyo, Japan,
or InBody 720; Biospace, Tokyo, Japan). Various
parameters, including body weight, body mass index
(BMI), and lean body mass (LBM) were automatically
and simultaneously measured. The body composition
http://www.jcancer.org

Journal of Cancer 2019, Vol. 10
was measured before the study entry and 1 and 3
months after surgery.

Evaluation and statistical methods
Progression of tumors was evaluated by the 14th
edition of the Japanese Gastric Cancer Classification
[13]. The relative performance (%) of the oral
nutritional supplement was calculated by “actual
dose × 100 / planned dose. Lean body mass (LBM)
loss at 1 month was defined as % LBM loss =
(preoperative LBM - LBM at 1 month after surgery) ×
100 / preoperative LBM. We also defined LBM loss at
3 month by the same way. Binary endpoints of LBM
loss at 1 and 3 month were defines as severe group
when LBM loss was of 5% or more and as mild group
when LBM loss was less than 5%.
The continuous variables were expressed as the
median with range or mean ± standard deviation
(SD), the categorical variables were express by
frequencies. For the LBM losses, the means and their
95% confidence intervals was estimated and
compared with Student’s t-test. The binary endpoints
of LBM loss were compared using the Fisher's exact
test. The interaction between subgroups was
examined by Breslow-Day test. The statistical
analyses were performed using the SAS software
program, version 9.3 (SAS Institute, Cary, NC, USA).
A two-sided significance level of P < 0.05 was used for
all of the statistical analyses.

Results
Patient’s Characteristics
CONSORT diagram is shown in Figure 1.
Between October 2011 and July 2014, 127 patients
were enrolled in this study. Because 1 patient was
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rejected to receive the protocol treatment after the
registration, 126 patients were randomized to
Standard-diet group (63 patients) or EPA-ON group
(63 patients). Of the 63 patients in the Standard-diet
group, 2 were excluded from the safety analysis due
to unresectable tumors for peritoneal dissemination
and an additional 1 patient was excluded from the
efficacy analysis due to missing data of body weight
at the enrollment. One-hundred twenty-three patients
baseline characteristics and operative details are
shown are summarized in Table 1. The background
factors and operative procedures were well balanced
between the two arms. Median relative performance
of supplement in EPA-ON group was 100% before
surgery and 54% after surgery.

Operative Morbidity and Mortality
Postoperative morbidities were observed in 8
patients of Standard-diet group (13.1%) and in 9
patients (14.3%) of EPA-ON group (14.3%). Overall,
pancreatic
fistula,
abdominal
abscess,
and
anastomotic leakage developed in 3.2%, 2.4%, and
0.8% of patients, respectively. There was no
relationship between the administration of EPA and
the occurrence of postoperative complications.

Loss of LBM after surgery
Median loss of LBM was 6.74% (range -3.91% to
20.27%) in the Standard-diet group and 6.89% (range
-5.11% to 20.04%) in the EPA-ON group at 1 month
after surgery and was 8.59% (range -4.40% to 20.27%)
in the Standard-diet group and 7.77% (range -5.57% to
23.35%) in the EPA-ON group at 3 months after
surgery, which was not significantly different at the
both (p=0.794 and p=0.393, respectively) (Table 2).

Figure 1. Flow diagram of 127 patients

http://www.jcancer.org
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Table 1. Background characteristics between standard diet group
and EPA-enriched supplemental group
Standard diet
group (n=60)
Median age (years) (range)
Gender (Male/Female)
Preoperative mean body weight (kg)
Mena height (cm)
Preoperative mean lean body mass (kg)
Preoperative serum albumin (mg/dl)
Preoperative C-reactive protein (mg/dl)
Location of primary tumor (Upper
third/Middle third/Lower third)
Clinical T factor (T1/T2/T3/T4)
Clinical N factor (negative/positive)
Surgical approach
(conventional/laparoscopic)
Extent of lymph node dissection
(D0/D1/D2/D3)
Operation time (min) (range)
Blood loss (ml) (range)
Postoperative morbidity
Overall
Pancreatic fistula
Abdominal abscess
Anatomic leakage
Bleeding
Others

65.6 (30-80)
43/17
47.8±8.6
163.7±8.0
47.0±7.5
4.2±0.4
0.2±0.5
35/24/0

EPA-enriched
supplemental group
(n=63)
65.1 (31-79)
46/17
47.1±9.8
160.6±8.4
45.7±9.3
4.1±0.5
0.3±0.5
42/17/4

16/10/11/23
39/21
47/13

12/13/12/26
40/23
52/11

1/15/43/1

0/10/53/0

295 (83-523)
320 (0-2080)

296 (145-510)
340 (0-3560)

8
2
1
1
0
4

9
2
2
0
1
4

Table 2. Comparison change of lean body mass between standard
diet group and EPA-enriched supplemental group

1 month after
surgery
3 month after
surgery

Standard diet group EPA-enriched supplemental
(n=60)
group (n=63)
-6.74% (-20.27 to 3.91) -6.89% (-20.04 to 5.11)

P
value
0.794

-8.59% (-20.27 to 4.40) -7.77% (-23.35 to 5.57)

0.393

Figure 2 showed the waterfall plot showing each
LBM loss put from the smaller value to the higher one
in each group. Severe LBM loss of 5% or more at 1
month after surgery was observed in 44 patients
(80.0%) in the Standard-diet group and in 37 patients
(67.3%) in the EPA-ON group (p = 0.194, Figure 2),
while that at 3 months after surgery was found in 51
patients (91.1%) in the Standard-diet group and in 43
patients (76.8%) in the EPA-ON group (p = 0.070,
Figure 3). EPA-ON tended to prevent meaningful loss
of LBM after total gastrectomy (Table 3).

Figure 2. Percent of loss of lean body mass at 1 month between EPA-enriched supplement arm and standard diet arm.

Figure 3. Percent of loss of lean body mass at 3 months between EPA-enriched supplement arm and standard diet arm.
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Figure 4. Subgroup analysis of 5% or more LBM loss at 1 month after surgery

Figure 5. Subgroup analysis of 5% or more LBM loss at 3 months after surgery

Table 3. Comparison change of lean body mass ≥5% between
standard diet group and EPA-enriched supplemental group
Standard diet
group (n=60)
1 month after surgery
3 month after surgery

EPA-enriched
supplemental group
(n=63)
44 patients (80%) 37 patients (67.3%)
51 patients (91.1%) 43 patients (76.8%)

P value

0.194
0.070

Subgroup analysis for proportion of 5% or
more LBM loss after surgery
the

Figure 4 and Figure 5 showed the difference in
proportion of binary endpoints between

Standard-diet group and EPA-suppl group. The
significant and marginal differences between
subgroups were observed in the age and gender.

Discussion
Although EPA-enriched immunonutrition had
no preventive effects on loss of body weight after total
gastrectomy, its effect on the loss of LBM had
remained unclear. The major finding of the present
study was that EPA-ON had no significant effects on
not only loss of absolute value of LBM but also
clinically meaningful loss of LBM separated by two
http://www.jcancer.org
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categories. Thus, the perioperative EPA-ON could not
be recommended to prevent loss of LBM after total
gastrectomy.
Very recently, Healy et al just reported that body
composition and nutritional status during 6 months
after esophagectomy were not different by adding
EPA to enteral nutrition (EN) in a phase III study [14].
Thus, two large phase III studies failed to demonstrate
preventing effect of LBM loss after upper
gastrointestinal surgery. Different from the present
study in which compliance after surgery was low,
54%, their study achieved high overall compliance
rate of 96%. Thus, negative results in the present
study would not be explained only by poor
compliance of EPA.
Why did EPA fail to show efficacy? Loss of LBM
after surgery is due mainly to the increased
inflammatory activity. Theoretically, EPA has both
anabolic and immunomodulatory properties for
surgical stress [15]. EPA may modulate this both
directly through eicosanoid production and indirectly
through decreased production of TNF, IL-6, and
related cytokines [16]. Actually, previous prospective
randomized controlled trial tested whether
perioperative infusions of omega-3 modify the cell
membrane composition, inflammatory responses, and
clinical course of patients undergoing elective
coronary artery bypass surgery [17]. That trial showed
that omega-3 significantly decreased the IL-6 response
and trended to decrease the IL-8 response on day 1
after surgery. In addition, there is also evidence for a
muscle anabolic effect of EPA. EPA supplementation
had been reported to help maintain whole-body
protein synthesis, whole-body protein net balance,
and muscle mass in burned rats and tumor-bearing
mice [18]. On the other hands, decreased calorie
intake and/or decreased physical activity which were
observed after gastrointestinal surgery also affect the
LBM loss [19]. These factors, such as decreased calorie
intake and/or decreased physical activity might offset
the effect of the anti-inflammatory properties of EPA.
The subgroup analyses demonstrated that
efficacy of EPA-ON to prevent severe clinically
meaningful loss of LBM was different depending on
age or gender although we could not deny possibility
of statistical error by multiple analyses. First, we
discuss on the relation between age and loss of LBM.
Efficacy of EPA-ON was observed in the non-elderly
patients but not in the elderly patients. Muscle
anabolic response is known to be attenuated with
aging [20]. Previous reports showed that muscle
protein synthesis rates were 20% lower in the older
adults as compared to the young adults [21].
Therefore, even though EPA showed a similar
anti-inflammatory and anabolic effect for LBM after
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surgery, the elderly might have negated the
anti-inflammatory and anabolic effect of EPA due to
aging. Second, we discuss about the relation between
gender and loss of LBM. Several previous studies
showed that effects of EPA on muscle catabolism were
different depending on gender [22]. However, these
mechanisms proposed for the subgroup analysis were
currently speculative.
In the present study, there were some
limitations. First, the segmental body composition
was analyzed using a bioelectrical impedance
analyzer, which could not directly measure the
muscle mass. The lean body mass is calculated from
the sum of the muscle mass and the mass of the
visceral organs. However, the mass of visceral organs
would not be changed by surgery, thus the major
contributor to the change in the lean body mass
would be a change in the muscle mass. Moreover,
comparability between the both groups would be
preserved even though the measurement included
some errors. Second, the body composition was not
measured at the same time in one day. In the present
study, the body composition was measured at the
morning before the breakfast before and 1 week after
surgery, while the time for the measurement was not
pre-specified at 1 and 3 months after surgery. In
addition, the perioperative care was not standardized
between the institutions. These were also one of
limitations of the present study because body water is
influenced by oral intake.
In conclusions, the present study demonstrated
that EPA-enriched oral nutritional supplement had no
significant preventive effects on not only loss of
absolute value of LBM but also clinically meaningful
loss of LBM separated by two categories. The
perioperative EPA could not be recommended to
prevent loss of body weight or LBM after total
gastrectomy.
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