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ORIGINAL ARTICLE

Effect of Enteral Immunonutrition on Immune,
Inflammatory Markers and Nutritional Status in Gastric

Cancer Patients Undergoing Gastrectomy: A Randomized
Double-Blinded Controlled Trial

Ka Li1�, Yujie Xu1�, Yanjie Hu2, Yuwei Liu3, Xinrong Chen1, Yong Zhou3

1West China School of Nursing and Department of Nursing, West China Hospital, Sichuan University, Chengdu,
China; 2Department of Liver Surgery, West China Hospital, Sichuan University, Chengdu, China; 3Department of

Gastrointestinal Surgery, West China Hospital, Sichuan University, Chengdu, China

ABSTRACT

Backgrounds: Enteral immunonutrition (EIN) has received increasing attention, however, evidence on its
immunomodulatory and anti-inflammatory function in gastric cancer patients undergoing gastrectomy is
poorly investigated. Objectives of this study were to evaluate the effect of EIN on immune function, inflam-
mation response and nutrition status when compared to standard enteral nutrition (SEN). Methods: Totally
124 gastric cancer patients after gastrectomy were randomized to receive early 5-days postoperative EIN
(formula enriched with arginine, glutamine, omega-3 fatty acids and nucleotide), or SEN. The primary end-
points were CD4þ T-cells, CD3þ T-cells as well as counts of CD4þ/CD8þ, IgG, IgM, and IgA levels. Second-
points included white blood cell (WBC), C-reactive protein (CRP), procalcitonin (PCT), tumor necrosis fac-
tor-a (TNF-a), interleukin-6 (IL-6) levels and nutritional index such as serum albumin, prealbumin, and
transferrin concentration. Results: There existed significant difference in primary end-points between EIN
group and SEN group. The proportion of CD4þ T-cells, CD3þ T-cells and the counts of CD4þ/CD8þ, IgG,
IgM, and IgA were higher in EIN group eventually. Meanwhile, the level of WBC, CRP and TNF-a were
significantly lower in EIN group finally. But there were no other significant differences in nutritional
markers between two groups. Conclusion: Early postoperative EIN significantly improves immune function
and inflammatory response in gastric cancer patients undergoing gastrectomy.

Keywords: Enteral immunonutrition; gastric cancer; immune function; inflammatory markers;
nutritional status

INTRODUCTION

Globally, gastric cancer (GC) is the fifth most
common malignancy [1, 2], and more than 60%
GC patients develop into malnutrition due to
poor absorption of nutrients, active metabolism
of cancer cells, and elective surgery [3].
Malnutrition is an important negative factor,
which can suppress immune function, exaggerate
stress response and alter inflammation reaction.
Thus, these patients often have a higher risk
at suffering infectious complications, delayed

recovery and longer hospital stay in the postoper-
ative period [4, 5].

Existing evidence have shown that patients
requiring gastrectomy can benefit from perioperative
enteral or parenteral nutrition by improving postop-
erative outcome [6–8]. Enteral nutrition (EN) is rec-
ognized as a more optimal nutritional therapy [8]
and recommended on ESPEN guideline [9] thanks
to its compliance with gastrointestinal (GI) structure,
fewer complications, and reduced expenses. In
recent years, enteral immunonutrition (EIN) includ-
ing at least two of arginine (Arg), omega-3 fatty
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acids, glutamine (Gln), and nucleotide gets more
attention from dietitian and surgeon, which known
as a kind of nutrition formula not only to supply
needed energy, but also to modify immune function.

Current data in malnutrition patients under-
going upper GI surgery indicated that early EIN
could result in decreased postoperative infectious or
noninfectious complications, and reduced length of
hospital stay [10–12]. For instance, Gln represents a
necessary substance, which used for intestinal muco-
sal cellular metabolism to fight against inordinate
intestinal immune system after surgery [13]; Arg
plays multiply roles in cellular metabolism as a
semi-essential amino acid [14]. But for omega-3 fatty
acid, it replaces arachidonic acid in cell membranes
and plays an important role in immunomodulation
and anti-inflammation.

However, the evidence of direct index reflecting
on immune function and inflammatory response with
EIN formula in patients undergoing elective gastrec-
tomy is still lacking. The indicators, took into several
existent researches, are not comprehensive and the
results are conflicting [15, 16]. Giger et al. [17] eval-
uated serum tumor necrosis factor-a (TNF-a) and
C-reactive protein (CRP) levels of 46 postoperative
patients with GI surgery and identified significance
decrease in EIN group. While Klek et al. [10] drew
the contradictory conclusion through assessing total
lymphocyte count and CRP of 305 participants. A
recent meta-analysis [18] which focused on the
improvement on immune function markers refer to
CD4þ, CD8þ, IgM, IgG, lymphocyte cell with EIN
showed a wider view of this issue, but heterogeneity
coming from different timing of nutrition and mul-
tiple type of operation between included studies
would inevitably lead to bias. Therefore, trials with
better methodology quality and going deep into over-
all improvements on immunization, inflammation
and nutrition are needed to assess the effect of EIN
in patients undergoing gastrectomy for gastric cancer.

We designed the study based on a hypothesis
that EIN be able to reduce serum inflammatory
markers and restore immune function indicators in
postgastrectomy patients when compared to stand-
ard enteral nutrition (SEN). The primary objective of
this randomized controlled trial was to investigate
the effect of early postoperative EIN on inflamma-
tory markers and immune indicator in a homoge-
neous group of gastrectomy patients. Meanwhile, to
study the impact of EIN on nutritional status was
the secondary objective.

MATERIALS AND METHODS

This study was conducted at Gastrointestinal
Surgery Center in West China Hospital of Sichuan

University between June 2017 and August 2018, as a
prospective, double-blind, single-center, random-
ized, controlled clinical trial. Ethical approval was
given by the Biomedical Research Ethical Committee
of West China Hospital of Sichuan University
(2014–94). Research protocol could be found in
Clinicaltrial.gov with registration number
NCT03730545. In addition, complete informed con-
sent was obtained from each patient before surgery
following the Declaration of Helsinki.

Patients Eligibility and Randomization

Patients aged 18–80 years with histologically diag-
nosed cancer of stomach called for subtotal or total
gastrectomy were enrolled. No previous nutrition
therapy and no severely malnourished was applied.
Exclusion criteria included: pregnant or lactating
woman, diagnoses of mental diseases, resent severe
concomitant diseases (chronic cardiopulmonary dis-
ease, chronic renal failure, etc.), known immunodefi-
ciency or autoimmune diseases, history of heart,
lung or kidney failure, known allergies to nutrition
formula or component, and drug intolerance.
Patients who complied with one of the following
conditions would have withdrawal of the trial:
intolerance to the feeding formula (vomiting or diar-
rhea or abdominal distension or abdominal pain
lasted for 12–24 h even in the minimum flow rate),
unplanned removal of feeding tube, discontinuation
enteral nutrition for any reason in the first three
days of administration.

Eligible patients were randomly assigned in
equal numbers to undergo 5days SEN or EIN after
surgery by a dietary nurse who had no knowledge
with this trial and managed a computer-generated
randomization (http://www.randomization.com).
An EIN formula enriched with L-Arg (0.17 g/
100ml), Gln (0.4 g/100ml), EPA (0.1 g/100ml), DHA
(0.07 g/100ml), RNA (0.18 g/100ml), and had an
omega-3 to omega-6 ratio of 0.4. A SEN formula
was balanced standard feeds (1.0 kcal/ml and 4 g
protein per 100ml) with an omega-3 to omega-6
ratio of 0.2, but without any other immunonutrients.
The detailed characteristics and composition of the
two formula was presented in Table 1.

The study was double-blind to minimize bias.
The SEN and EIN feeds were similar, not only in
color but also in container, and a dietary nurse who
was not involved in the trial labeled the feeds with
study number. Owing to different caloric concentra-
tions in two formulas, dietary nurses must calculate
each formula volume and ensure the same caloric
intake between groups by different rates of flow.
Otherwise, two groups were allocated to different
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wards, and staff member and patients had no idea
about the flow rates and volume.�

Clinical Managements and Formula
Administration

All patients received standard preoperative interven-
tion on the basis of enhanced recovery after surgery
(ERAS) protocol published by ERAS society in 2014
[19], for example, fasting solid foods for 6 h and

water for 2 h before surgery. But any preoperative
oral immunonutrition was not added. All of them
underwent a standard nutritional assessment before
surgery, and daily caloric requirements were calcu-
lated by dietary nurse with an equation: 25 kcal/
kg�weight, if body mass index (BMI)>25, ideal body
weight (IBW, males: IBW = 50þ [0.91�(height cm �
152.4)], females: IBW = 45.5þ [0.91�(height cm �
152.4)]) would be used. Moreover, demographics,
primary diagnosis, BMI, and the presence of comor-
bidity were recorded in all patients.

During procedure, the surgeon and assistant
would deliver the enteral feeding tube into 20–30 cm
below the anastomosis. Preceding surgery, operating
time, intraoperative blood loss, and transfusion vol-
ume were assessed.

At 6 h after operation, feeding tubes were first
flushed with water. EN was started in 12 h after sur-
gery. Since the difference of concentration in kcal
and protein between SEN and EIN formulas
(1.0kcal/ml vs. 1.3kcal/ml) might lead to difference
in tolerance to nutrition, the flow rate needed to be
adjusted to ensure consistent energy intake for
hours. Therefore, there were an infusion rate of
20ml per hour for SEN group and 16ml per hour
for EIN group in the first 24 h. The rates of flow
were gradually increasing with 50ml/h in SEN ver-
sus 40ml/h in EIN on day 2, 70ml/h versus 56ml/
h on day 3. Feeding was continued at maximum
100ml/h versus 80ml/h on day 4 and 5 after sur-
gery depending on the feeding tolerance. A continu-
ous infusion pump was used to administer the
standard or immunonutrition diet for 24 h and
ensure tube flushing every 4 h, along with beginning
and end of feeding using 20ml of 5% glucose in
both groups. The amount of enteral nutrition admin-
istrated was recorded in the medical record.
Moreover, routine blood investigations on immune,
inflammation, and nutrition were measured 1day
before surgery and 1, 3, and 5days after surgery.
Both serum and plasm fractions were obtained from
blood samples and stored at �80 �C until analysis.

The length of treatment lasted for 5 days after
surgery, and in this period the patients were only
fed the enteral formula, or water. After 5 days, the
diet transformed to oral feeding gradually.
Administration of immunosuppressors and any pro-
tein supplements was not allowed.

Primary and Secondary Objectives

The primary end-points of this trial were to test the
impact of EIN formula on immune function in gas-
trectomy patients. Immunological assessments includ-
ing the T-lymphocyte cells proportion and serum
immunoglobulin concentration on postoperative day

TABLE 1 Compositions (per 1000ml) and characteristics of
the two formulas

EIN group SEN group

Proteins (g) 58.6 40
L-Arginine (g) 1.7 0
Glutamine (g) 4 0
RNA (g) 1.8 0
Fat (g) 72 38.9
Polyunsaturated fatty acid (g) 11 12.3
n-3: n-6 1:2.5 1:5
EPA (g) 1 0
DHA (g) 0.7 0
Carbohydrates (g) 104 123
Maltodextrin (g) 91 103
Dietary fiber (g) 13 15
Minerals and trace elements
Sodium (mg) 1600 1000
Potassium (mg) 2400 1500
Chloride (mg) 1600 1250
Calcium (mg) 670 800
Phosphorous (mg) 630 720
Magnesium (mg) 270 230
Iron (mg) 13 16
Zinc (mg) 10 12
Copper (mg) 1.3 1.8
Manganesium (mg) 2.7 2.2
Fluoride (lg) 1300 1000
Molybdenum (lg) 100 100
Selenium (lg) 67 57
Chromium (lg) 66 66.8
Iodine (lg) 133 130
Vitamins
A (lg) 2000 820
Carotenoids (mg) 0 2
D3 (lg) 4.6 0
E (lg) 27 18.7
K1 (lg) 66 52
B1 (lg) 1300 1400
B2 (lg) 1700 1600
B6 (lg) 1600 1700
B12 (lg) 2.6 2.1
Niacin (mg) 12 8.7
Pantothenic ac. (mg) 4.6 5.2
Folic ac. (lg) 130 266
Biotin (lg) 130 40
Vit C (mg) 80 100
Choline (mg) 266 360
Water (ml) 800 850
Osmolarity (Osm/L) 390 250
Calorie (kcal) 1300 1000
Calorie concentration (kcal/ml) 1.3 1
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(POD) 1 and 5. The proportion of CD4þ T-cells,
CD3þ T-cells as well as counts of CD4þ/CD8þ were
determined by immunofluorescence quantitative ana-
lysis. And electrophoresis method was used to ana-
lyze the amount of IgG, IgM, and IgA.

As for the secondary objectives, they were to
compare the impact on inflammatory response and
nutritional status between different formulas. On
1day before surgery, and POD 1, 3, and 5, white
blood cell (WBC), CRP, interleukin-6 (IL-6), and
TNF-a, procalcitonin (PCT) in plasma were analyzed
as markers of inflammation. Measurement of CRP
and PCT was performed by immunofluorescence
quantitative analysis method. IL-6 and TNF-a were
analyzed by an ELISA kit. Meanwhile, nutritional
status was evaluated by analyzing serum albumin,
prealbumin, and transferrin on preoperative base-
line, POD 3, and 5. Prealbumin and transferrin were
analyzed by immunodiffusion assay, while albumin
was measured by chromogenic reaction for protein.

Sample Size

The sample size was determined to detect difference in
serum IgG concentration by 2-sample noninferiority or
superiority model admitting a type I error of 0.025 and
a power of 0.80. According to the results published,
SEN could increase IgG concentration by (0.10±1.33)
g/L. We assumed a noninferiority or superiority
Margin for 0.70 and calculated that the inclusion of at
least 58 participants in each group was required.

Statistical Analysis

All analyses were performed on an intent-to-treat
basis with the software SPSS v.20 package.
Mean±Standard Deviation (SD) was used to
describe continuous data. Difference of variables
over time within one factor were tested by Tukey
post hoc tests, while variables between two groups
by 2-factor ANOVA. Results were deemed statistic-
ally significant at a P< .05.

RESULTS

Demographic and Preoperative
Clinical Factors

Finally, we figured 126 patients but 2 patients
refused informed consent, so 124 patients were
enrolled, then were assigned to the two feeding
groups by random. Six participants, two from EIN
group and four from SEN group, did not complete
the feeding protocol. There were some reasons for
the incompliance: not able to tolerance enteral

formula (n¼ 2), self-removal of feeding tube (n¼ 3),
and protocol violation (n¼ 1). Figure 1 showed the
CONSORT diagram.

Table 2 summarized the main demographic
characteristics, clinical and surgical baselines in two
groups. No significant differences were found in
baseline characteristics. Mean age of the total group
under study was 56.17±9.74 yr. (57.32±10.19 for EIN
group and 55.02±9.61 for SEN group). Among them,
70 were males and 54 females. The main clinical fea-
tures in comorbidity included hypertension (10.5% of
the cases) and diabetes (13.7%). These baseline infor-
mation, including mean age, BMI, and composition
of sex, presentation of existing condition, surgical
methods, operation duration, operative blood loss,
and transfusion volume were comparable between
two groups, which reflect the patients’ homogeneity.

Protocol Compliance

There were no significant differences between SEN
group and EIN group as far as everyday intake of
energy, protein and nitrogen. Postoperative intoler-
ance to two feeding formula was excellent. Only 39
patients (31.5%) experienced some type of adverse
GI symptoms. The most common symptom was
abdominal distension in 23 cases (18.5%), followed
by abdominal pain in 11 (8.9%) and diarrhea in 5
(4.0%) patients. But except for three cases exited the
study because of intolerance, all patients can toler-
ant the goal of 25 kcal/kg/day on POD 3.
Meanwhile, no significant difference related to the
intolerance symptom frequency between EIN group
and SEN group was observed.

Effects on Serum Immune Levels

Table 3 showed the baseline and postoperative
immune parameter in two groups. Baseline of CD4þ

T-cells, CD3þ T-cells as well as counts of CD4þ/
CD8þ, IgG, IgM, and IgA were similar between
groups. Changes between baseline and POD 5
showed a significant decrease of all the immune
markers in SEN group, but no significant changes
were identified in EIN group, except the decreased
IgG counts on POD 5. Moreover, the proportion, not
the number of CD4þ T-cells, CD3þ T-cells, and the
counts of CD4þ/CD8þ, IgG, IgM, and IgA were sig-
nificantly higher in EIN group on POD 5.

Effects on Serum Inflammatory Markers

The levels of WBC, CRP, IL-6, TNF-a, and PCT were
the main cytokines to assess postoperative inflam-
mation. The evolution of these inflammatory
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markers of SEN and EIN groups after surgery was
summarized in Table 4. As expected, serum WBC,
CRP, IL-6, PCT, and TNF-a all changed over time,
which rose in groups after operation then gradually

went down at a tendency to normalize; serum WBC,
IL-6, PCT reached the peak on POD 1, while another
two on POD 3; but only the levels of WBC and
TNF-a approached preoperative values on POD 5.

FIGURE 1 CONSORT diagram showing the flow of participants enrollment.

TABLE 2 Baseline characteristics and surgical parameters of patients

EIN group (n¼ 62) SEN group (n¼ 62) P-value

Age, year 57.32 ± 10.19 55.02 ± 9.61 0.20
Male: Female 40:22 30:32 0.10
BMI 0.74

Less than 18.5 5 4
18.5–24 38 35
More than 24 19 23

Comorbidity
Hypertension 9 4 0.24
Diabetes 11 6 0.30
Coronary disease 4 5 0.50
COPD 2 6 0.27

Surgical procedure (n) 0.12
Proximal gastrectomy 4 8
Distal gastrectomy 26 16
Total gastrectomy 32 38

Operative time mean (min) 229.35 ± 2.59 228.87 ± 2.21 0.93
Operative blood loss (ml) 99.19 ± 55.44 102.10 ± 56.02 0.76
Operative transfusion volume (ml) 1725.81 ± 455.18 1675.81 ± 351.44 0.53

BMI, body mass index; COPD, chronic obstructive pulmonary disease; EIN, enteral
immunonutrition; SEN, standard enteral nutrition.
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Repeated measures ANOVA indicated that there
were no significant differences in IL-6 levels
(F¼ 0.05, P¼ 0.82) or PCT levels (F¼ 0.04, P¼ 0.83)
between groups. When compared to the SEN group,
patients in EIN group showed significantly smaller
concentration of WBC on POD 3 (P¼ 0.03) and POD
5 (P< 0.001), reflecting a faster recovery of WBC in
EIN group. While there were significantly lower
decrease and faster recovery of CRP and TNF-a in
EIN group, owing to the levels of serum CRP and
TNF-a revealed significant differences on POD 3
and POD 5, with their higher levels in SEN than
EIN group.

Effects on Nutritional Status

The secondary end-points were to assess the effects
on nutritional status with each type of nutrition by
analyzing serum albumin, prealbumin, and transfer-
rin concentration. After surgery, all the nutrition
parameters significantly declined and did not came
back to the baseline values, except the level of albu-
min on the POD 5 (P< 0.05) in SEN group.
However, there were no significant difference
among above parameters by comparing the SEN
and EIN group. The summary results are shown in
Table 5.

Effects on Complications

Postoperative complications observed included
abdominal abscess, anastomotic leakage, wound
infection or dehiscence, drain infection, pneumonia,
postoperative bleeding, and ileus. There was no
complication in both groups.

DISCUSSION

Gastric cancer was known as a common malignant
tumor, and most patients were diagnosed in

advanced stages, while surgery was the mainstay of
curative treatment. However, surgical intervention
often resulted in impairment of immune defense
mechanisms and altered inflammatory responses,

TABLE 3 Immunization variablesa

EIN group (n¼ 62) SEN group (n¼ 62)

Normal range of the indexBaseline POD 5 P Baseline POD5 P

CD4þ T cell (%) 41.15 ± 1.02 41.99 ± 0.58 0.95 40.84 ± 0.94 34.87 ± 0.87b <0.001 33.19 to 47.85
CD3þ T cell (%) 62.53 ± 1.39 60.82 ± 1.17 0.19 60.94 ± 1.21 50.59 ± 0.95b <0.001 66.90 to 83.10
CD4þ/ CD8þ 2.20 ± 0.10 2.11 ± 0.09 0.64 2.17 ± 0.10 1.37 ± 0.07b <0.001 0.97 to 2.31
IgG (g/L) 10.06 ± 0.31 8.10 ± 0.23 <0.001 9.89 ± 0.33 6.02 ± 0.33b <0.001 8.00 to 15.50
IgM (g/L) 2.40 ± 0.18 1.90 ± 0.10 0.22 2.28 ± 0.15 1.43 ± 0.08b <0.001 0.70 to 2.20
IgA (g/L) 2.01 ± 0.11 1.74 ± 0.08 0.17 1.92 ± 0.11 1.36 ± 0.07b <0.001 0.84 to 2.90

aAll values are means± SEM. There was no difference between groups at baseline. EIN, enteral immunonutrition, SEN, standard
enteral nutrition, POD, postoperative day.

bP< 0.05 compared with EIN group (Mann–Whitney U test).

TABLE 4 Inflammation variablesa

EIN group(n¼ 62) SEN group(n¼ 62) Pb

WBC (109/L, normal range: 4–10�109/L)
Baseline 6.15 ± 0.25 6.08 ± 0.20 0.87
POD1 10.71 ± 0.37c 11.33 ± 0.48c 0.25
POD3 7.66 ± 0.29c,d 9.04 ± 0.45c,d 0.03
POD5 5.91 ± 0.14d,e 7.99 ± 0.34d,e <0.001
IL-6 (pg/ml, normal range: 0.00-7.00pg/L)
Baseline 4.66 ± 0.43 4.25 ± 0.40 –
POD1 183.76 ± 9.87c 185.52 ± 6.87c –
POD3 71.964 ± 5.31c,d 73.96 ± 7.12c,d –
POD5 32.99 ± 2.01c,d,e 26.90 ± 1.79c,d,e –
F 0.05 Pf 0.82
CRP (mg/L, normal range: <5mg/L)
Baseline 3.02 ± 0.23 3.05 ± 0.23 0.93
POD1 99.24 ± 4.64c 104.82 ± 4.20c 0.38
POD3 118.34 ± 6.78c 140.67 ± 9.43c,d 0.06
POD5 53.94 ± 3.08c,d,e 75.37 ± 4.05c,d,e <0.001
TNF-a (pg/ml, normal range: <8.1pg/ml)
Baseline 8.46 ± 0.30 8.68 ± 0.28 0.63
POD1 9.48 ± 0.40c 10.28 ± 0.70 0.38
POD3 9.56 ± 0.32c 11.79 ± 0.66c 0.01
POD5 8.09 ± 0.18d,e 9.30 ± 0.43e 0.02
PCT (ng/ml, normal range: <0.5 ng/ml)
baseline 0.05 ± 0.01 0.09 ± 0.03 –
POD1 1.08 ± 0.09c 1.20 ± 0.11c –
POD3 0.58 ± 0.04c,d 0.55 ± 0.04c,d –
POD5 0.22 ± 0.02c,d,e 0.22 ± 0.02c,d,e –
F 0.04 Pf 0.83

aAll values are means ± SD. There was no difference between
groups at baseline. EIN, Enteral immunonutrition, SEN,
standard enteral nutrition, POD, postoperative day.

bP values for the difference between EIN and SEN with respect
to the time point were calculated when a significant
treatment� time interaction was found.

cP< 0.05 compared with baseline (ANOVA and Turkey post
hoc test).
dP< 0.05 compared with POD1 (ANOVA and Turkey post
hoc test).

eP< 0.05 compared with POD3(ANOVA and Turkey post
hoc test).
fP-value for the difference of treatment between EIN and SEN
when there were not a significant treatment� time interaction.
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making these patients highly susceptible to infec-
tions, leading to poor clinical outcomes after sur-
gery. Recent trials have concluded that
immunonutrition substrates played a role in the
modulating immune system. A meta-analysis [20]
published in 2018 concluded that adding omega-3
fatty acid emulsion in parenteral nutrition formula
could improve the postoperative indicators of
immune function, reduce inflammatory reaction,
and improve the postoperative curative effect. As
for EIN, some published original studies and meta-
analyses have evaluated its positive impact on the
outcome of surgery [11, 21], including reduction of
postoperative complications and shortening hospital
stay [22, 23]. Recent studies extended to focus on
longer term benefit of EIN. Klek et al. [24] investi-
gated its positive effect on short-term survival in
stage IV gastric cancer patients. Positive impact
were found at the direct index for immunity and
inflammation in some of the trials as well: EIN
helped inflammation modulation and systemic
immune enhancement due to significant reductions
in CRP, TNF-a, and IL-6 [25] and an increase in
CD4þ levels [26], IgA levels [27]. In addition, not
only clinical effectiveness, but also cost-effectiveness
was been proved when EIN compared to SEN sup-
port [28].

Nevertheless, criticism aroused due to some
studies on EIN which failed to find reduced compli-
cation [29], and prove its effect on immune function
and inflammation response after surgery [30, 31].
Some researchers demonstrated a decrease only in
infectious complication but lacking of cost-effective-
ness [32, 33]. Likewise, other studies concluded that
immunonutrition formula could increase immune
cytokines, such as the level of CD4þ, CD4þ/CD8þ,
IgG, and IgM, only when EIN support lasted longer
than 7days [18]. Increased risk of death in the critic-
ally ill receiving EIN was even been found in a few
trials [34].

The following reasons can explain the inconsis-
tencies: study group, various immunonutrition com-
ponents, different timing and route of
administration. First, complications were usually
seen in malnourished patients, obviously, not men-
tion EIN, any surgical intervention would be benefi-
cial. Yet in these trials suggesting EIN, the
proportion of malnourished patients reached close
to 60 [26, 35], which leading to possibly exagger-
ation. Second, Song et al. [36] conducted a meta-ana-
lysis and draw the conclusion that formula added
Arg, omega-3 fatty acid and Gln or RNA were the
optimal regimes, but only Arg and RNA were not
preferentially recommended compared to SEN. Luis
et al [37] and De Luis et al. [38] also found higher
dose of Arg-enriched enteral formula, more clinical
benefit would reach. Third, the timing of EIN repre-
sented another issue and did not reach consensus.
Evidence-based guidelines recommended periopera-
tive immunonutritional intervention for 7–14days in
moderately or severely malnourished patients who
were candidates for major gastric surgery [9]. Some
other proved that pre- and post-EIN did not bring
double benefits [39], but Song et al. [40] believed
that perioperative EIN was the optimum timing. In
our study, we designed a 5-day EIN support after
surgery with study groups that homogenous in
terms of characteristics and nutritional status.

The present randomized controlled trial indi-
cated that patients receiving the immunonutrition
formula had a quick recovery in immune response,
reaching statistical significance for CD4þ T-cells,
CD3þ T-cells as well as counts of CD4þ/CD8þ, IgG,
IgM, and IgA. The decrease trends on inflammation
markers were more gently in EIN group, and sig-
nificantly lower were shown in the concentration of
WBC, CRP, and TNF-a. Moreover, nutritional status
and the incidence of intolerance complications in
general were similar between two groups.

T lymphocyte-mediated cell-mediated immunity
played an important role in antitumor immune

TABLE 5 Nutritional variablesa

EIN group (n¼ 62) SEN group (n¼ 62)
EIN compared with

SEN, Pb

POD 0 POD 3 POD5 POD 0 POD 3 POD5 POD0 POD3 POD5

Albumin (g/L) 40.19 ± 0.41 34.25 ± 0.66c 37.86 ± 0.44c 39.10 ± 0.56 35.07 ± 0.44c 38.19 ± 0.48d 0.17 0.30 0.55
Prealbumin (mg/L) 212.24 ± 6.57 127.14 ± 4.92c 152.89 ± 5.80c,d 211.30 ± 4.02 119.93 ± 4.56c 147.98 ± 4.85c – – –
Transferrin (g/L) 2.33 ± 0.06 1.60 ± 0.05c 1.82 ± 0.05c 2.21 ± 0.06 1.58 ± 0.043 1.78 ± 0.05c,d 0.17 0.80 0.61

aAll values are means± SEM. There was no difference between groups at baseline. EIN, enteral immunonutrition, SEN, standard
enteral nutrition, POD, postoperative day.

bP values for the difference between EIN and SEN with respect to the time point were calculated when a significant treatment� time
interaction was found.

cP< 0.05 compared with baseline (ANOVA and Turkey post hoc test).
dP< 0.05 compared with POD3 (ANOVA and Turkey post hoc test).
eNormal range of these indexes: Albumin, 40–55g/L; Prealbumin, 280–360mg/L; Transferrin, 1.8–3.8g/L.
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response [41, 42]. The ratio of CD4þ T-cells, CD3þ

T-cells, and CD4þ/CD8þ was a sensitive index to
reflect the cellular immune function of an organism.
Like those results reported, our trial confirmed that
the increase in EIN group indicating the enhance-
ment of body’s cellular immune function.
Meanwhile, immunoglobulins were important index
to examine the humoral immune function of an
organism, thus higher concentrations of IgA, IgM,
and IgG may indicate reduced inflammation and
enhanced immunity [39, 43].

CRP, IL-6, PCT, and TNF-a played an important
role in response to tissue injury and inflammation in
early trauma [42, 44]. TNF-a was a promoter of
multidirectional inflammation, and IL-6 was an
index to reflect the severity of inflammation and tis-
sue damage. In present study, we found that there
was a significant difference between EIN group and
SEN group regarding TNF-a on the third and fifth
postoperative day, while no significant on IL-6 lev-
els. CRP levels after operation was a sensitive index
to determine the degree of postoperative stress
response and infectious complications. Our studies
showed that an increase in CRP levels on POD 1,
which reached a peak on POD 3, and the SEN group
showing significantly higher levels on POD3 and
POD 5. This indicated that EIN can reduce the
inflammatory reaction in these patients.

All these data suggested that postoperative EIN
had positive effect on the immune function and
inflammatory response for gastric cancer patients.
There were some explanations: (1) Gln was avidly
consumed by rapidly immune cells, intestinal muco-
sal cells, and tumor cells, and had a strong associ-
ation with the functional activity of these cells [45],
including cell proliferation, antigen presentation
cytokine, synthesis, superoxide production and
phagocytosis [46]. (2) Arg, a semi-essential amino
acid, served to enhance T-cells and could multiply
in response to stimulation by mitogens or cytokines
[47]. (3) Omega-3 fatty acids can increase production
of leukotrienes, and reduce cytotoxicity of lympho-
cytes and macrophages by competing with omega-6
fatty acids for cyco-oxygenase metabolism [48].

A major strength of this trial was broad investi-
gation into immune and inflammation markers of
GC patients undergoing gastrectomy who receiving
postoperative 5days EIN, giving a more comprehen-
sive understanding of EIN effects. Simultaneously,
comparable demographic characteristics, and clinical
baseline variables which related to nutrition and
cancer guaranteed the homogeneity of these trial.
Even so, there were some limitations need to dem-
onstrate. The sample of our trial was limited based
on the aim of present study, which was to evaluate
impact on inflammation and immunity markers
rather than postoperative outcomes of EIN.

Meanwhile, there were some difference in fat con-
tent between the two types of feed formula, but
only omega-3 fatty acids in EIN might be benefit for
the observed improvement in systemic inflammatory
response.

In conclusion, this present study finds that EIN
support an improved immune function, and reduced
inflammation after operation when compared to
SEN. However, we did not demonstrate that EIN
support increased nutritional status more than SEN
support in well-nourished patients. Well-designed
clinical trials are needed to explore deep into the
most effective dose, timing and duration of EIN
necessary to improve immune and an anti-inflam-
mation function in gastric cancer patients.
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