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Abstract

Background: Nutrition support is a common means for patients with gastric cancer, especially for those undergoing
elective surgery. Recently, enteral immunonutrition (EIN) was increasingly found to be more effective than enteral
nutrition (EN) in enhancing the host immunity and eventually improving the prognosis of gastric cancer patients
undergoing gastrectomy. However, the results reported were not consistent. This meta-analysis aimed to assess the
impact of EIN for patients with GC on biochemical, immune indices and clinical outcomes.

Methods: Four electronical databases (Medline, EMBASE, Scopus and Cochrane library) were used to search articles in
peer-reviewed, English-language journals. Mean difference (MD), Relative risk (RR), or standard mean difference (SMD)
with 95% confidence interval (CI) were calculated. Heterogeneity was assessed by Cochrane Q and I2 statistic
combined with corresponding P-value. The analysis was carried out with RevMan 5.3.

Results: Seven studies involving 583 patients were eligible for the pooled analysis. EIN, when beyond a 7-day
time-frame post-operatively (D ≥ 7), increased level of CD4+ (SMD = 0.99; 95% CI, 0.65–1.33; P < 0.00001), CD4+/
CD8+ (SMD = 0.34; 95% CI, 0.02–0.67; P = 0.04), the IgM (SMD = 1.15; 95% CI, 0.11–2.20; P = 0.03), the IgG (SMD
= 0.98; 95% CI, 0.55–1.42; P < 0.0001), the lymphocyte (SMD = 0.69; 95% CI, 0.32–1.06; P = 0.0003), and the
proalbumin (SMD = 0.73; 95% CI, 0.33–1.14; P = 0.0004). However, those increased effects were not obvious
within a 7-day time-frame post-operatively (D < 7). The levels of CD8+ and other serum proteins except proalbumin
were not improved both on D≥ 7 and D < 7. Clinical outcomes such as systemic inflammatory response syndrone
(SIRS) (MD, - 0.89 days; 95% CI, - 1.40 to - 0.39; P = 0.005), and postoperative complications (RR, 0.29; 95% CI, 0.14–0.60; P
= 0.001) were significantly reduced in EIN group. Pulmonary infection and length of hospitalization (LHS) were not
improved no matter what time after surgery.

Conclusions: EIN was found to improve the cellular immunity, modulate inflammatory reaction and reduce
postoperative complication for GC patients undergoing radical gastrointestinal surgery. Exclusion of grey literature and
non-English language studies was the key limitation in this study.
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Background
As a common digestive system tumor, patients with gas-
tric cancer (GC) are often prone to malnutrition, and it
might worsen by elective surgery [1, 2]. Malnutrition
represents a factor, which was associated with immune
function depression, inflammation response alteration,
and exaggeration of stress response. Thus, these patients
often have poor outcome of surgery in several aspects,
such as infectious complications, wound healing delay or
failure and a consequent longer hospital stay [3].
From nutritional point of view, supplements of nutri-

tion by means of parenteral or enteral feeding, has been
proposed to be an essential adjuvant therapy of surgical
patients. The choice of enteral nutrition (EN) or paren-
teral nutrition (PN) depends on each patient’s gut func-
tion and tolerance of nutrient supply patterns [4]. EN
following major gastrointestinal surgery is recommended
over PN in surgical wards due to more in line with
physiological characteristics and lower complications
and costs, when the patient’s intestinal function allows
the case. Although essential energy, protein, fat, carbo-
hydrate, mineral, vitamin etc. were provided, the effect
of EN was less significant than expected [5]. Recently,
enteral immunonutrition (EIN) including ω-3 fatty acids,
glutamine (Gln), arginine (Arg), and nucleotide has
received increasing attention [6].
EIN has been reported to be an important treatment

to reduce postoperative infection and noninfectious
complications, raise the host immunity, and ameliorate
the prognosis of patients suffering from gastrointestinal
cancer [7, 8]. For instance, Arg is a semiessential amino
acid with multiple roles in cellular metabolism [9]; Gln
is a necessary nutrient for intestinal mucosal cell metab-
olism. In the severe stress, such as surgery, infection, the
intestinal mucosal epithelial cells of glutamine are
depleted rapidly resulting in impaired intestinal immune
function [10]. In addition, other immune-nutrition, such
as ω-3-FAs also has immunomodulatory and anti-
inflammatory properties.
Although the effect of EIN on clinical outcome, im-

munological level, nutrition status was compelling, not
all researches demonstrated similar clinical benefits and
some studies have contradictive results [6]. The incon-
sistency of the results may due to heterogeneity among
studies (i.e. different disease type and demographic char-
acteristics, inclusion of parenteral nutrition, nutritional
or metabolic status and time).
Zhang et al. in 2012 conducted a systematic review

regarding immunonutrition vs standard diet in gastro-
intestinal cancer patients, however, only length of hos-
pital stay and morbidity of infectious complication after
surgery was calculated [11]. Recently, Wong et al. also
reported a clinical beneficial effect of EIN vs EN in
decreasing wound infection rate and reduction of

hospital stay in upper gastrointestinal surgery [12]. How-
ever, mixture of all digestive system malignancies (what-
ever upper and lower gastrointestinal surgery) may
results in heterogeneity and limited application. For GC
patients, the pooled results have been reported by a
meta-analysis [13, 14], however, the search terms about
“EIN” used only was “enteral immunonutrition” with
medical subject heading. Two studies with specific
immunonutrition elements were not included. Herein,
we conducted an update meta-analysis to comprehen-
sively assess the effect of EIN compared with EN for GC
patients regarding both laboratory indices and clinical
outcomes.

Methods
Retrieval strategy
Medline (PubMed, 1966 to October 31, 2016), EMBASE
(OVID, 1980 to October 31, 2016), Scopus (1995 to Oc-
tober 31, 2016) and Cochrane library were used. Medical
subject heading (MeSH) and Thesaurus were used in
PubMed and OVID, respectively. According the PICOs,
the keywords were determined and identical in the two
database (Medline and EMBASE): “Neoplasms”, “Gastric
Neoplasm”, “Gastric Cancer”, “Gastric Tumor”, “Gastric
Carcinoma”, “Stomach Neoplasms”, “Stomach Cancer”,
“Stomach Carcinoma”, “gastrointestinal tract”, “Argin-
ine”, “Glutamine”, “ω-3 Fatty Acids”, “Nutritional
Support”, “Enteral Immune Nutrition”, “Nutrition”,
“Immune-Enhancing Enteral Nutrition”, “Immunoen-
hanced Enteral Nutrition”, “Enteral Immunonutrition”,
“Random” and “Randomized Controlled Trial”. TITLE-
ABS-KEY was used for searching Scopus with the same
keywords above. In Cochrane database enteral immuno-
nutrition was used as key term. The PICO format was
adopted to establish specific selection criteria in which P
was referred to the gastric cancer patients undergoing
gastrectomy, I was referred to EIN, C was referred to
EN, O includes both clinical outcome, immunological
and nutrition status index. The design style was limited
to randomized controlled trials (RCTs). Only articles
published in English language were in criteria.
In this meta-analysis, clinical outcomes included inci-

dence of pulmonary infection, incision infection, mortal-
ity, postoperative infectious complications, operating
time, SIRS and the LHS. Relevant T cell subsets which
included CD4+ and CD8+. Immune globulin included
IgG and IgM. Serum protein which consisted of total
protein, albumin, proalbumin and transferring. Lympho-
cytes was also included.
The following studies were excluded: narrative or

expert reviews, non-RCT, experimental data such as ani-
mal studies or trials, unable to acquire primary data and
essential information from authors, articles published
not in English. The following patients were excluded:
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GC patients combined with other cancers, patients with
parenteral nutrition, patients have unresectable
neoplasm, immune insufficiency because of endocrine or
metabolic disorders, major organic disease, treatment
with immunosuppressive drugs, corticosteroids or radio-
therapy, severe preoperative infection.

Quality assessment
Cochrane Collaboration’s tool published in the Cochrane
Handbook (version 5.3) was used to evaluate the risk of
bias and it contained seven items: random sequence gen-
eration, blinding of participants and personnel, allocation
concealment, blinding of outcome assessors, selective
reporting, incomplete outcome data and other biases. The
risk of bias assessment was carried out by two reviewers
independently (YC and JFZ). A third reviewer (JW) arbi-
trated unresolved disagreements. Finally, the potential bias
was graded as “high risk” “low risk” or “unclear risk”.

Statistical analysis
Review Manager (RevMan) 5.3 was used to characterize
the effect of various dichotomous and continuous out-
comes. Reference management software (Endnote) was
used to manage, extract data and delete duplicate refer-
ences. Forest plots were generated to evaluate the effect of

outcome variables for all the studies. Dichotomous out-
comes were assessed by relative risk (RR) with 95% confi-
dence interval (CI). Mean difference (MD) with 95% CI
was adopted to express the continuous outcome data, if
all the studies included with the same unit and magnitude;
otherwise, standard mean difference (SMD) was adopted.
Heterogeneity was measured through χ2 test with corre-
sponding P value and I2 test [15]. If between-study hetero-
geneity existed (I2 > 50% or P < 0.05), random-effects
model was used; otherwise, the pooled analysis was done
with fixed-effect model. A p-value of less than 0.05 was
considered as statistically significant. Detection time of
indicators of interest was defined into two subgroups
(D ≥ 7 and D < 7, post-operatively). If necessary, we re-
moved one or two studies to make the heterogeneity (I2)
getting close to zero.

Results
In this meta-analysis, 1149 unique studies were initially
identified across the four electronic databases, after
removal of 414 duplicates. 96 studies were eligible to fur-
ther full-text screening, of which 89 articles did not meet
the inclusion criteria, and the rest of 7 studies with 583
subjects were included in the finally analysis. The flow
diagram with detailed information was outlined in Fig. 1.

Fig. 1 Study selection flow diagram

Cheng et al. BMC Gastroenterology  (2018) 18:11 Page 3 of 11



The characteristics of articles included were listed in
Table 1. Five out of seven trials were done to compare
the EIN with standard EN, one trial was for comparing
EIN with oral placebo, and one trial was for comparing
EIN with regular diet. About half of articles (n = 4, 57%)
reported both laboratory indices and clinical indicators,
two targeted clinical outcomes only and one restricted
the analysis to laboratory indices. Most studies included
more than one immunonutrition (Arg, Gln, ω-3-FAs and
RNA), with the remainder one study conducted with
Gln only. Most studies applied the EIN after surgery,
and two administered trial before operation. The sample
size of study ranged from 31 [16] to 231 [17]. Patients in
most articles aged ≥ 65 years, with only one aged <
60 years [18]. Three of the seven studies were from
Japan, two conducted in China, one in Spain and one in
Italy.

Quality assessment
Quality assessment of the seven eligible studies are listed
in Fig. 2 (a and b). three articles reported methods re-
garding randomization sequence generation [17–19],
only one study [17] performed allocation concealment,
only one study [19] performed binding both of partici-
pant, personnel and outcome assessment. All the studies
reported incomplete outcome data, reporting and other
bias. Thus, corresponding domain was assessed as “low
risk”, and no other bias sources were assessed in this
meta- analysis.

Meta-analysis on laboratory indices
All the indices were compared between EIN and EN
within a 7-day time-frame (D < 7) and beyond a 7-day
time-frame post-operatively (D ≥ 7), respectively. One
study performed by Yoshiki Okamoto et al. [20], did not

Table 1 Characteristics of 7 eligible studies

Author
(year)
[Ref]

Country Diagnosis Age of
patients
(Years)

Sample
size (EIN/
EN)

Elements
of EIN

Nature
of EN

EIN
initiation
time

Total
during
time of
nutrition
support
(days)

Mode of
enteral
feeding

Reported Outcomes

Liu et al.
(2012) [18]

China Advanced
gastric cancer

57.3 ± 7.1
(EIN)
58.4
± 6.3 (EN)

28/24 Arg and
Gln

Standard
EN

Post-
operation

7 Nasoenteral Total protein, albumin,
proalbumin, transrerrin,
CD4+, CD8+, IgM, IgG,
LHS, postoperative
complications, incision
infection, pulmonary
infection

Okamoto
et al.
(2009) [20]

Japan Gastric
carcinoma

66.9
± 11.5 (EIN)

70.9 ± 13.2(EN)

30/30 Arg,
ω-3-FAs
and RNA

Standard
EN

Pre–
operation

7 Oral CD4+, CD8+, CD4+/CD8+,
SIRS, lymphocyte, LHS,
postoperative
complications, operation
time, intraoperative
blood loss

Chen
et al.
(2005) [10]

China Gastric
carcinoma

unclear 20/20 Arg,
Gln, and
ω-3-FAs

Standard
EN

Post-
operation

7 Nasoenteral Proalbumin, albumin,
transrerrin, CD4+, CD8+,
CD4+/CD8+, IgM, IgG

Mochiki
et al.
(2011) [16]

Japan Gastric cancer 65 ± 2.6 (EIN)

59 ± 2.1 (EN)

15/16 Gln Oral
placebo

Post-
operation

unclear Oral Operation time,
intraoperative
blood loss

Farreras
et al.
(2005) [19]

Spain Gastric cancer 66.7 ± 8.3
(EIN)

69.2 ± 13.8(EN)

30/30 Arg,
Gln and
ω-3-FAs

Standard
EN

Post-
operation

7 Oral Total protein, proalbumin,
albumin, lymphocyte,
incision infection,
pulmonary infection,
postoperative
complications, mortality

Marano
et al.
(2013) [21]

Italy Gastric
adenocarcinoma

66.6 (55-78)
(EIN)
65.1 (49-83)
(EN)

54/55 Arg,Gln,
ω-3-FAs
and RNA

Standard
EN

Post-
operation

7 Oral Total protein, albumin,
transrerrin, CD4+, CD8+,
lymphocyte, LHS, SIRS,
postoperative
complications, operation
time, incision infection,
mortality, intraoperative
blood loss

Fujitani
et al.
(2012) [17]

Japan Gastric
adenocarcinoma

64 (26-78)
(EIN)
65(30-79) (EN)

120/111 Arg and
RNA

Regular
diet

Pre–
operation

5 Oral mortality, pulmonary
infection, postoperative
complications
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report the results of D < 7. CD4+ and CD8+ indicators
were reported in four studies including 261 patients [10,
18, 20, 21]. SMD with 95% CI was used as correspond-
ing effect size because of the different units used across
studies. The data of D < 7 and D ≥ 7 were both deemed
to be heterogeneity (χ2 = 12.74, P = 0.002, I2 = 84.0%; χ2

= 170.69, P < 0.00001, I2 = 98.0%, respectively), therefore,
random-effect model was adopted. The significant differ-
ence was not found between the two groups both for D
< 7 and D ≥ 7 (SMD = - 0.28; 95% CI, - 0.14–0.47; P =

0.46; SMD = - 0.20; 95% CI, - 2.48–2.07; P = 0.86, re-
spectively). To find out the source of large heterogeneity,
we did a sensitivity analysis and exclude the results con-
ducted by Marano et al. [21] to make the I2 to 0.0%. The
pooled results were recalculated through a fixed-effect
model, and CD4+ level had a significant increase on D ≥
7 in EIN (SMD = 0.99; 95% CI, 0.65–1.33; P < 0.00001)
(Fig. 3). For CD8+, a large heterogeneity was also identi-
fied on D < 7 (χ2 = 66.98, P < 0.00001, I2 = 97.0%) and
D ≥ 7 (χ2 = 116.66, P < 0.00001, I2 = 97.0%); therefore,

Fig. 2 Risk of bias assessment based on review author’s judgement about risk of bias item for each eligible study (n = 7). a risk of bias summary:

: low risk of bias; unclear risk of bias. b risk of bias graph presented as percentages across seven studies

Fig. 3 Forest plot on CD4+ level comparison between EIN and EN after removal of an article with heterogeneity
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random-effect model was used, and we did not find the
significant differences both for D < 7 (SMD = - 1.09; 95%
CI, - 3.01–0.82; P = 0.26) and on D ≥ 7 (SMD = - 0.68;
95% CI, - 2.45–1.09; P = 0.45). Two studies including 100
patients [10, 20] reported the CD4+/ CD8+. It was
deemed to be homogeneity (χ2 = 1.08, P = 0.30, I2 =
7.0%), fixed-effect model was adopted. EIN could signifi-
cantly increase CD4+/ CD8+ on D ≥ 7 (SMD = 0.34; 95%
CI, 0.02–0.67; P = 0.04) (Fig. 4).
IgM and IgG were measured in two studies including 92

participants [10, 18]. As for IgM, the data on D < 7 was
homogeneity (χ2 = 0.02, P = 0.90 I2 = 0.0%), however, stat-
istical heterogeneity was identified from the data on D ≥ 7
(χ2 = 5.37, P = 0.02, I2 = 81.0%); No significant difference
was found between two groups on D < 7 (SMD= 0.42;
95% CI, 0.00–0.83; P = 0.05), however, IgM was signifi-
cantly increased in EIN on D ≥ 7 (SMD= 1.15; 95% CI,
0.11–2.20; P = 0.03) (Fig.5a). For IgG, the data of D < 7
and D ≥ 7 were both homogeneity (χ2 = 0.24, P = 0.63, I2 =
0.0%; χ2 = 0.84, P = 0.36, I2 = 0.0%, respectively); fixed-
effect model was used to perform the analyses. On D < 7,
no significant difference was found between the two
groups (SMD= - 0.09; 95% CI, - 0.50–0.32; P = 0.67), when
the time extended to ≥ 7, effect on IgG level appeared
(SMD= 0.98; 95% CI, 0.55–1.42; P < 0.0001) (Fig. 5b).
Lymphocyte was measured in three studies including

229 patients [19–21]. Yoshiki Okamoto et al. [20] did
not report the results on D < 7. A large amount of het-
erogeneity was observed both on D < 7 and D ≥ 7 (χ2 =
28.77, P < 0.00001, I2 = 97.0%; χ2 = 185.51, P < 0.00001,
I2 = 99.0%, respectively); random-effect model was used,
and no significant difference was tested between two
groups (SMD = - 0.74; 95% CI, - 2.53–1.06; P = 0.42;
SMD, - 1.54; 95% CI, - 4.99–1.90; P = 0.38, respectively).
To achieve the relative homogeneity, a study published
by Marano et al. [21] was removed (χ2 = 0.79, P = 0.37,
I2 = 0.0%). The recalculation results found EIN could sig-
nificantly increase the lymphocyte level on D ≥ 7 (SMD
= 0.69; 95% CI, 0.32–1.06; P = 0.0003) (Fig. 6a).
The nutrition status indicators, such as total protein,

transferrin, albumin, and proalbumin in serum was mea-
sured in three studies including 221 patients [18, 19, 21],
four studies including 261 participants, [10, 18, 19, 21],
three studies [10, 18, 19] enrolling 152 subjects and four

studies recruiting 261 participants [10, 18, 19, 21] re-
spectively. For total protein, heterogeneity existed on D
< 7 and D ≥ 7 (χ2 = 6.04, P = 0.05, I2 = 67.0%; χ2 = 6.93, P
= 0.03, I2 = 71.0%, respectively); the synthesized results
showed no significant differences between the two
groups both on D < 7 and D ≥ 7 (SMD = 0.15; 95% CI, -
0.33–0.63; P = 0.54; SMD = 0.23; 95% CI, - 0.28–0.75; P
= 0.37, respectively) through random-effect model. As
for albumin, the studies included were homogeneity
both on D < 7 and D ≥ 7 (χ2 = 0.54, P = 0.91, I2 = 0.0%; χ2

= 1.74, P = 0.63, I2 = 0.0%, respectively), however, the ef-
fect on EIN was also not obvious (SMD = 0.16; 95% CI,
- 0.08–0.41; P = 0.19 for D < 7; SMD = 0.21; 95% CI, -
0.03–0.46; P = 0.08 for D ≥ 7). As for proalbumin, statis-
tical heterogeneity existed from the data on D < 7 and
D ≥ 7 (χ2 = 3.58, P = 0.17, I2 = 44.0%; χ2 = 7.30, P = 0.03,
I2 = 73.0%, respectively); no significant difference was
found between the two groups (SMD = 0.19; 95% CI, -
0.24–0.62; P = 0.38; SMD = 0.41; 95% CI, - 0.22–1.04; P
= 0.20, respectively). However, after excluding the study
published by Liu et al. [18], data of proalbumin included
deemed to be homogeneity (χ2 = 0.00, P = 0.96, I2 =
0.0%), proalbumin level raised in EIN on D ≥ 7 (SMD =
0.73; 95% CI, 0.33–1.14; P = 0.0004) (Fig.6b). As for
transferrin, statistical heterogeneity also existed both on
D < 7 and D ≥ 7 (χ2 = 25,23, P < 0.0001, I2 = 88.0%; χ2 =
6.24, P = 0.10, I2 = 52.0%, respectively); and no significant
difference was found (SMD = 0.07; 95% CI, - 0.67–0.82;
P = 0.84; SMD = 0.27; 95% CI, - 0.10–0.64; P = 0.15, re-
spectively). However, when two studies published by
Marano et al. and Liu et al. [18, 21] are excluded, the het-
erogeneity disappeared (χ2 = 1.05, P = 0.30, I2 = 5.0%), and
the effect of EIN on transferring level at D < 7 appeared
(SMD= 0.59; 95% CI, 0.19–0.99; P = 0.004) (Fig. 6c).

Synthesis results on clinical outcomes
Three studies reported the index regarding length of
hospitalization (LHS) [18, 20, 21] which enrolled 221
participants. Statistical heterogeneity was identified (χ2

= 13.43, P = 0.001, I2 = 85.0%); there is no significant dif-
ference between two groups (MD = - 1.42; 95% CI, -
4.50–1.66; P = 0.37). The data for operating time were
also reported in 3 studies [16, 20, 21] which included
200 participants. Heterogeneity was large (χ2 = 30.63, P

Fig. 4 Forest plot on CD4+/CD8+ comparison between EIN and EN beyond a 7-day time-frame
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< 0.00001, I2 = 93.0%) and the pooled-results did not
reach the statistical significance between groups (SMD
= - 0.43; 95% CI, - 1.65–0.78; P = 0.48). The data for sys-
temic inflammatory response syndrone (SIRS) were re-
ported in 2 studies [20, 21] including 169 participants.
Statistical heterogeneity was identified, though P > 0.05
in χ2 test (χ2 = 2.15, P = 0.14, I2 = 53.0%); the meta-
analysis was done by random effect model and indicated
patients received EIN had less SIRS (MD = - 0.89; 95%
CI, - 1.40 to - 0.39; P = 0.005) (Fig. 7).
Pulmonary infection, incision infection, mortality and

overall postoperative infectious complications were re-
ported in three studies including 343 patients [17–19],
three studies including 221 participants [18, 19, 21], three
studies enrolling 300 subjects, [17, 19, 21] and five studies
recruiting 512 subjects [17–21] respectively. The meta-
analysis on pulmonary infection and postoperative
complications indicated statistical heterogeneity; incision
infection and mortality were all deemed to be homogen-
eity, (χ2 = 4.17, P = 0.12, I2 = 52.0% for pulmonary infec-
tion; χ2 = 11.1, P = 0.03, I2 = 64.0% for postoperative

complications; χ2 = 1.67, P = 0.43, I2 = 0.0% for incision
infection; χ2 = 0.15, P = 0.70, I2 = 0.0% for mortality). The
synthesized results presented no significant differences be-
tween groups regarding these data (RR = 1.02; 95% CI,
0.16–6.50; P = 0.98 for pulmonary infection; RR = 0.57;
95% CI, 0.28–1.14; P = 0.11 for postoperative complica-
tions; RR = 0.52; 95% CI, 0.18–1.53; P = 0.24 for incision
infection; RR = 0.67; 95% CI, 0.12–3.89; P = 0.66 for
mortality). However, the heterogeneity reduced to zero by
removing two studies conducted by Fujitani et al. and Liu
et al. [17, 18], patients in EIN group had lower probability
to occur postoperative complications (RR = 0.29; 95% CI,
0.14–0.60; P = 0.001) (Fig. 8). however, pulmonary infec-
tion was also the same between the two groups.

Discussion
GC is the fourth most common tumors and the second
leading cause of cancer deaths worldwide [22]. Patients
with GC often suffer with malnutrition and it will be
more severe when tumorectomy was required [17]. Mal-
nutrition is usually related to impaired cellular and

Fig. 5 Forest plot on IgM (a) and IgG (b) comparison between EIN and EN within and beyond a 7-day time-frame
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humoral immune function, inflammatory response
changes, and wound healing process delay or failure
[20]. In perioperative patients, nutrition support strategy
become a popular and essential way [23, 24]. Nutritional
therapy includes PN and EN, the latter one is generally
more frequently preferred, because it is safer and having

more physiological and economic benefits [25, 26]. EN
has been supplied to patients with critical diseases using
a variety of nutritional regimens. There has been an in-
creasing recognition that certain essential nutrients can
modulate a series of metabolic, inflammatory and im-
mune processes when ingested more than the normal

Fig. 6 Forest plot on lymphocyte (a), proalbumin (b) and transferring (c) comparison between EIN and EN within and beyond a 7-day time-frame
after removal of one or two articles with heterogeneity

Cheng et al. BMC Gastroenterology  (2018) 18:11 Page 8 of 11



daily requirements. However, the clinical effect was poor
than expected due to the complexity of tumor [27]. EIN
was an alternative way and proposed to be better therapy
to modulate metabolism and immune response. ESPEN
(European Society for Clinical Nutrition and Metabolism)
has also recommended the use of EIN in surgical patients
suffering from upper gastrointestinal cancer to reduce
major infectious complications [5]. Although reduction of
post-operative complications and some other positive ef-
fects of the EIN therapy were reported in some studies
[28]. Whether EIN was superior than EN in case of clin-
ical indices (such as hospital stay and postoperative infec-
tion) and immune indices was still in dispute.
GM Song et al. in 2015 [13] performed a meta-analysis

to assess the influence of EIN for GC patients after
surgery both on clinical and immunological outcomes.
This meta-analysis showed that EIN could effectively
improve the GC patient’s nutritional and immunological
status who undergoing surgical resection. It can effectively
relieve the inflammatory response and enhance the host
immunity. Several immune related factors were increased,
such as CD4+, CD4+/CD8+, CD3+, IgA, IgG, IgM and NK
cells, while some inflammatory related cytokines (e.g. IL-6
and TNF-a) were reduced. However, EIN did not improve
the level of CD8+ and serum protein. Morbidity of postop-
erative complications, and the length of hospitalization
were not improved either.
Compared with the meta-analysis conducted by GM

Song et al. [13], our research was more comprehensive
due to more detailed search strategy through each nutrient
substance such as Arg, Gln, ω-3-FAs and RNA. Moreover,
our study focus on GC patients only and have a more

specific application effect regarding EIN comparing with
the recently published meta-analysis [12]. We refined the
time points of each test index into ≥ 7 and < 7 days post-
operatively, rather than the general comparison of pre-
operative and postoperative. The level of CD4+, CD4+/
CD8+, the IgM, the IgG, the lymphocyte and the proalbu-
min were effectively increased in EIN on D ≥ 7, but the ef-
fect was not obvious on D < 7. It may indicate the time
effect of EIN with those indices. The level of CD8+ and the
serum protein except proalbumin were not improved
whatever D < 7 or D ≥ 7. In addition, clinical indicators
such as SIRS and overall postoperative infectious compli-
cations were also improved. The postoperative infectious
complication included respiratory tract infection, urinary
tract infection, sepsis, intraabdominal abscess and surgical
wound infection. However, single infectious event such as
pulmonary infection, incision infection did not change.
The improvements of postoperative infectious complica-
tion may be primarily manifested in the other part of the
body. Nevertheless, the LHS was not shorter in EIN com-
pared to EN. In addition to the postoperative complication,
LHS was affected by medical insurance system and the
hospital manage mode. The mortality and operating time
were not influenced either.
Supply of immunomodulatory nutrients (e.g., ω-3-FAs,

Arg and dietary nucleotides) could promote the maintain-
ing of homeostasis postoperatively and reduce inflamma-
tory response [29–32]. Arginine is thought to be a
enhancer to T-cells, which could proliferate in response to
mitogens or cytokines stimulation [33, 34]. Like those re-
sults reported, our meta-analysis confirmed the increase of
CD4+ belonging to the T cells in EIN group indicating the

Fig. 7 Forest plot on systemic inflammatory response syndrone (SIRS) comparison between EIN and EN

Fig. 8 Forest plot on postoperative complications comparison between EIN and EN after removal of two articles with heterogeneity
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enhancement of cellular immunity. Meanwhile, the higher
concentration of immunoglobulin IgM and IgG may be an
indication of inflammatory response relieve and host
immunity enhancement [8, 35]. All the improved data sug-
gested that EIN could effectively improve the inflammatory
responses and postoperative immune function after gastric
surgery by regulating the immune function [20, 36]. Other-
wise, lymphocytes and the serum protein, the incidence of
pulmonary infection, incision infection and other clinical
outcomes cannot be effectively increased by EIN. It can be
explained that EIN play little role on those variants.
A major strength of this review is broad search terms

with specific immunonutrition element and multiple
database. A rigorous screening process was conducted in
data searching, extraction and quality appraisal by two
researchers independently. Even so, there are some limi-
tations need to be demonstrated. First, exclusion of grey
literature and non-English language studies was the key
limitation in this study. Second, publish biaswere not
conducted because of the small number of included arti-
cles and it may incline to no statistical significance.
Finally, some other indicators related with EIN effect
were not mentioned due to the incomplete data.

Conclusion
This synthesis analyses clearly show that EIN is better to
EN in improving the immune function for patients with
gastric cancer after surgery. Although the incidence of
pulmonary infection, LHS and other clinical outcomes
were not improved, EIN is clinically feasible and safe to
be recommended as nutritional support in major gastric
surgery.

Abbreviations
Arg: Arginine; CI: Confidence interval; EIN: Enteral immunonutrition;
EN: Enteral nutrition; GC: Gastric cancer; Gln: Glutamine; LHS: Length of
hospitalization; MD: Mean difference; PN: Parenteral nutrition;
RCTs: Randomized controlled trials; RNA: Ribonucleic acid; RR: Relative risk;
SIRS: Systemic inflammatory response syndrone; SMD: Standard mean
difference; ω-3-FAs: Omega-3 fatty acids

Funding
This work was sponsored by the National Natural Science Foundation
(81473593 and 81473458) and the Jiangsu Qing Lan Project (JSQL-2014). This
work was also supported partly by the Priority Academic Program
Development of Jiangsu Higher Education Institutions (Integration of
Chinese and Western Medicine) (PAPD).

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
Conception and design: JW, ZZ. Data collection: LWZ, YC, JW. Quality
assessment: YC, JFZ. Final approval of studies: JW. Statistical analysis: YC.
Article writing: YC, JW. All authors have read and approved the manuscript.

Ethics approval and consent to participate
Not applicable for this study.

Consent for publication
Not applicable for this study.

Competing interests
The authors declare that they have no competing interests.

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

Received: 14 December 2016 Accepted: 9 January 2018

References
1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A. Global cancer

statistics, 2012. CA Cancer J Clin. 2015;65(2):87–108.
2. Schattner M. Enteral nutritional support of the patient with cancer: route

and role. J Clin Gastroenterol. 2003;36(4):297–302.
3. Vilhjalmsdottir DO, Hinriksdottir HH, Pordardottir FR, Porsdottir I,

Gunnarsdtotir I. Energy and protein intake of patients at the Department of
Cardiothoracic surgery, Landspitali - the National University Hospital of
Iceland. Laeknabladid. 2013;99(2):71–5.

4. Arends J, Bachmann P, Baracos V, Barthelemy N, Bertz H, Bozzetti F, Fearon
K, Hutterer E, Isenring E, Kaasa S, et al. ESPEN guidelines on nutrition in
cancer patients. Clin Nutr. 2017;36(1):11–48.

5. Weimann A, Braga M, Harsanyi L, Laviano A, Ljungqvist O, Soeters P,
Jauch KW, Kemen M, Hiesmayr JM, Horbach T, et al. ESPEN guidelines
on Enteral nutrition: surgery including organ transplantation. Clin Nutr.
2006;25(2):224–44.

6. Heyland DK, Novak F, Drover JW, Jain M, Su X, Suchner U. Should
immunonutrition become routine in critically ill patients? A systematic
review of the evidence. JAMA. 2001;286(8):944–53.

7. Xu J, Zhong Y, Jing D, Wu Z. Preoperative enteral immunonutrition
improves postoperative outcome in patients with gastrointestinal cancer.
World J Surg. 2006;30(7):1284–9.

8. Perez Cruz E, Reyes Marin A, Asbun Bojalil J, Arteaga Morfin JI. Effectiveness
of Immunonutrition on inflammatory markers in patients with cancer;
randomized clinical trial. Nutr Hosp. 2015;32(4):1676–82.

9. Lind DS. Arginine and cancer. J Nutr. 2004;134(10 Suppl):2837S–41S.
discussion 2853S

10. Chen DW, Wei Fei Z, Zhang YC, Ou JM, Xu J. Role of enteral
immunonutrition in patients with gastric carcinoma undergoing major
surgery. Asian J Surg. 2005;28(2):121–4.

11. Zhang Y, Gu Y, Guo T, Li Y, Cai H. Perioperative immunonutrition for
gastrointestinal cancer: a systematic review of randomized controlled trials.
Surg Oncol. 2012;21(2):e87–95.

12. Wong CS, Aly EH. The effects of enteral immunonutrition in upper
gastrointestinal surgery: a systematic review and meta-analysis. Int J Surg.
2016;29:137–50.

13. Song GM, Tian X, Liang H, Yi LJ, Zhou JG, Zeng Z, Shuai T, Ou YX, Zhang L,
Wang Y. Role of Enteral immunonutrition in patients undergoing surgery for
gastric cancer: a systematic review and meta-analysis of randomized
controlled trials. Medicine (Baltimore). 2015;94(31):e1311.

14. Song GM, Tian X, Zhang L, Ou YX, Yi LJ, Shuai T, Zhou JG, Zeng Z, Yang HL.
Immunonutrition support for patients undergoing surgery for
gastrointestinal malignancy: preoperative, postoperative, or perioperative? A
Bayesian network meta-analysis of randomized controlled trials. Medicine
(Baltimore). 2015;94(29):e1225.

15. Veroniki AA, Jackson D, Viechtbauer W, Bender R, Bowden J, Knapp G,
Kuss O, Higgins JP, Langan D, Salanti G. Methods to estimate the
between-study variance and its uncertainty in meta-analysis. Res Synth
Methods. 2016;7(1):55–79.

16. Mochiki E, Ohno T, Yanai M, Toyomasu Y, Andoh H, Kuwano H. Effects of
glutamine on gastrointestinal motor activity in patients following gastric
surgery. World J Surg. 2011;35(4):805–10.

17. Fujitani K, Tsujinaka T, Fujita J, Miyashiro I, Imamura H, Kimura Y, Kobayashi
K, Kurokawa Y, Shimokawa T, Furukawa H. Prospective randomized trial of
preoperative enteral immunonutrition followed by elective total
gastrectomy for gastric cancer. Br J Surg. 2012;99(5):621–9.

Cheng et al. BMC Gastroenterology  (2018) 18:11 Page 10 of 11



18. Liu H, Ling W, Shen ZY, Jin X, Cao H. Clinical application of immune-
enhanced enteral nutrition in patients with advanced gastric cancer after
total gastrectomy. J Dig Dis. 2012;13(8):401–6.

19. Farreras N, Artigas V, Cardona D, Rius X, Trias M, Gonzalez JA. Effect of early
postoperative enteral immunonutrition on wound healing in patients
undergoing surgery for gastric cancer. Clin Nutr. 2005;24(1):55–65.

20. Okamoto Y, Okano K, Izuishi K, Usuki H, Wakabayashi H, Suzuki Y.
Attenuation of the systemic inflammatory response and infectious
complications after gastrectomy with preoperative oral arginine and
omega-3 fatty acids supplemented immunonutrition. World J Surg.
2009;33(9):1815–21.

21. Marano L, Porfidia R, Pezzella M, Grassia M, Petrillo M, Esposito G, Braccio B,
Gallo P, Boccardi V, Cosenza A, et al. Clinical and immunological impact of
early postoperative enteral immunonutrition after total gastrectomy in
gastric cancer patients: a prospective randomized study. Ann Surg Oncol.
2013;20(12):3912–8.

22. Jemal A, Center MM, DeSantis C, Ward EM. Global patterns of cancer
incidence and mortality rates and trends. Cancer Epidemiol Biomark Prev.
2010;19(8):1893–907.

23. Huhmann MB, August DA. Perioperative nutrition support in cancer
patients. Nutr Clin Pract. 2012;27(5):586–92.

24. Lei Q, Wang X, Zheng H, Bi J, Tan S, Li N. Peri-operative immunonutrition in
patients undergoing liver transplantation: a meta-analysis of randomized
controlled trials. Asia Pac J Clin Nutr. 2015;24(4):583–90.

25. Braunschweig CL, Levy P, Sheean PM, Wang X. Enteral compared with
parenteral nutrition: a meta-analysis. Am J Clin Nutr. 2001;74(4):534–42.

26. Peter JV, Moran JL, Phillips-Hughes J. A metaanalysis of treatment outcomes
of early enteral versus early parenteral nutrition in hospitalized patients. Crit
Care Med. 2005;33(1):213–20. discussion 260-211

27. Heys SD, Gough DB, Khan L, Eremin O. Nutritional pharmacology and
malignant disease: a therapeutic modality in patients with cancer. Br J Surg.
1996;83(5):608–19.

28. Akbarshahi H, Andersson B, Norden M, Andersson R. Perioperative nutrition
in elective gastrointestinal surgery–potential for improvement? Dig Surg.
2008;25(3):165–74.

29. Vidal-Casariego A, Calleja-Fernandez A, Villar-Taibo R, Kyriakos G, Ballesteros-
Pomar MD. Efficacy of arginine-enriched enteral formulas in the reduction
of surgical complications in head and neck cancer: a systematic review and
meta-analysis. Clin Nutr. 2014;33(6):951–7.

30. Barros KV, Cassulino AP, Schalch L, Della Valle Munhoz E, Manetta JA,
Noakes PS, Miles EA, Calder PC, Flor Silveira VL. Supplemental intravenous n-
3 fatty acids and n-3 fatty acid status and outcome in critically ill elderly
patients in the ICU receiving enteral nutrition. Clin Nutr. 2013;32(4):599–605.

31. Schott CK, Huang DT. Omega-3 fatty acids, gamma-linolenic acid, and
antioxidants: immunomodulators or inert dietary supplements? Crit Care.
2012;16(6):325.

32. Hess JR, Greenberg NA. The role of nucleotides in the immune and
gastrointestinal systems: potential clinical applications. Nutr Clin Pract. 2012;
27(2):281–94.

33. Bonhomme S, Belabed L, Blanc MC, Neveux N, Cynober L, Darquy S.
Arginine-supplemented enteral nutrition in critically ill diabetic and obese
rats: a dose-ranging study evaluating nutritional status and macrophage
function. Nutrition. 2013;29(1):305–12.

34. Ueno C, Fukatsu K, Maeshima Y, Moriya T, Omata J, Saitoh D, Mochizuki H.
Arginine-enriched total parenteral nutrition improves survival in peritonitis
by normalizing NFkappaB activation in peritoneal resident and exudative
leukocytes. Ann Surg. 2010;251(5):959–65.

35. Klek S, Szybinski P, Szczepanek K. Perioperative immunonutrition in
surgical cancer patients: a summary of a decade of research. World J
Surg. 2014;38(4):803–12.

36. Braga M, Gianotti L, Vignali A, Di Carlo V. Immunonutrition in gastric cancer
surgical patients. Nutrition. 1998;14(11-12):831–5.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Cheng et al. BMC Gastroenterology  (2018) 18:11 Page 11 of 11


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Retrieval strategy
	Quality assessment
	Statistical analysis

	Results
	Quality assessment
	Meta-analysis on laboratory indices
	Synthesis results on clinical outcomes

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	References

