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Abstract

Introduction: The main components of enteral immunonutrition (EIN) are w-3 fatty acids, glutamine, arginine, and
nucleotide, which primarily raises the immunity of the host and helps to reduce postoperative infections and non-in-
fectious difficulties. Although the potential benefits of EIN are widely reported, some researchers did not find it to be
of much help, and hence valid conclusions about its role are still unclear.

Aim: To evaluate the role of enteral immunonutrition on patients undergoing surgery for gastric cancer (GC).
Material and methods: Appropriate articles were searched from the PubMed, Medline, and Central databases using
the appropriate keywords as per the PRISMA guidelines. Randomized controlled trials, and retrospective, prospective,
and open-label studies were included as per the predefined PICOS criteria. Demographic summary and event data for
the effect of EIN on patients undergoing surgery for GC were extracted from the included studies.

Results: Twelve randomized controlled clinical trials with a total of 10,422 gastric cancer patients were included. We
found the odds ratio value of 0.23 (95% Cl: 0.09-0.59). The results are heterogeneous with a t? value of 2.77, a x?
value of 1707.96, a df value of 11, an I? value of 99%, a z value of 3.04, and a p-value of less than 0.05. The risk
ratio is 0.47 (95% Cl: 0.29-0.77) with heterogeneity of t? value of 0.73, y? value of 1428.34, df value of 11, I? value
of 99%, z value of 2.99, and p-value < 0.05.

Conclusions: The present meta-analysis strongly commends the use of EIN to boost the immunity of gastric cancer
(GC) patients undergoing gastrectomy.

Key words: gastric cancer, surgery, immunity, nutrition, gastrectomy, enteral immunonutrition.

] lignant tumorous cells develop in the lining of the
Introduction stomach due to stomach infections, smoking, age, or

Gastric cancer is the third most deadly cancer  dietary factors [3, 4]. Due to this, the patients suffer
worldwide and accounts for around 8.3% of total ~from indigestion, heartburn, nausea, fatigue, stom-
deaths occurred due to cancer [1, 2]. It is a cancer of ~ ach pain, loss of appetite, and vomit blood or pass
the uppermost intestinal tract, and within this, ma- ~ blood in stools [4, 5]. The survival rate with gastric
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cancer is low, so it must be diagnosed early via en-
doscopy and once detected immediately treated via
surgery, medications, and chemotherapy [6]. Among
these treatments, its main restorative treatment is
surgical resection or gastrectomy. A minimal invasive
and videoscopic surgical procedure is widely used
these days to treat benign gastric cancer because
surgery is still its only curative treatment; however,
during surgery the extent of resection and lymph-
adenectomy that is needed must be considered
carefully [7]. Minimally invasive surgical approaches
are preferred because they demonstrate safety, fea-
sibility, and oncologic equivalency more precisely as
compared to conventional open gastrectomy [8]. Be-
fore surgery, it is essential to boost the immunity of
the patient undergoing surgery, to reduce the post-
operative infection and non-infectious difficulties
and amend the prognosis of patients suffering from
gastrointestinal cancer. For this purpose, the use of
enteral immunonutrition (EIN), which is the enteral
feeding formula of immunity boosting nutrients, is
mainly recommended. The main components of EIN
are »-3 fatty acids, glutamine, arginine, and nucleo-
tide, which primarily activates the immune system of
the host [9, 10]. For example, Song et al. 2015 [11],
Nikniaz et al. 2017 [12], and Cheng et al. 2018 [13]
reported in their systematic review and meta-analy-
sis that early administration of EIN in patients was
more effective in improving their immunity index
and post-surgical nutritional status. Similarly, Fu
et al. 2021 [14] and Shen et al. 2022 [15] mentioned
in their systematic review and meta-analysis that
pre-operative use of EIN was effective and safe in re-
ducing the post-operative infections, overall compli-
cations of surgery, and the duration of hospital stay
of patients after surgery. These systematic reviews
and meta-analysis are based on the results of various
randomized controlled trials, and retrospective and
prospective studies that were conducted to evaluate
the potential benefits of EIN in patients undergo-
ing gastrectomy. For instance, Guo et al. 2002 [16]
reported in their prospective study that EIN helped
in the fast recovery of patients. Similarly, Farreras
et al. 2005 [17], Chen et al. 2005 [18], and Fujitani
etal. 2012[19] reported in their randomized controlled
trials that EIN improved the defence mechanism and
lowers the morbidity rate. Lee et al. 2016 [20] also re-
ported the benefits of EIN in their retrospective study.
Di Renzo et al. 2019 [21] found in their randomized
controlled trials that EIN significantly improved the
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metabolic parameters of patients undergoing sur-
gery. Likewise, Luo et al. 2019 [22], Claudino et al.
2019 [23], D’ Ignazio et al. 2020 [24], Sun et al. 2021
[25], Izumi et al. 2022 [26], and Xiao et al. 2022 [27]
reported in their research studies that preoperative
use of EIN boosted the immune response and signifi-
cantly improved the serum prealbumin level and de-
creased postoperative morbidity in patients undergo-
ing gastrectomy. However, although there are many
studies that recommend the use of EIN for gastric
cancer patients, still some like the studies of Bertolini
et al. 2003 [28] and Mueller et al. 2022 [29] reported
that the use of EIN was associated with sepsis and
post-operative infections and caused more harm in
gastric cancer patients than good. Nakamura et al.
2009 [30] reported that EIN was good only if provid-
ed at an optimal dose, otherwise its use was risky
and hazardous. Hence, considering these contradic-
tory results, we systematically reviewed the different
studies related to the use of EIN for gastric cancer
patients to evaluate their success and efficiency in
boosting the immunity and improvement of overall
survival rate.

Aim
This meta-analysis aims to evaluate the success

of EIN in boosting the immunity of gastric cancer
(GC) patients undergoing surgery.

Material and methods

In the current investigation, with the registration
number YH/IRB/2022/786, we followed the PRISMA
(Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) normative criteria.

Search strategy

This meta-analysis is based on an extensive
search conducted in the databases of Medline (via
PubMed), Cinahl (via Ebsco), Scopus, and Web of Sci-
ences from the year 2000 to 2022 using the follow-
ing keywords: gastric cancer, gastrectomy, EIN, nutri-
tion, immunity, surgery, randomized controlled trial,
open-label study, prospective study, and retrospec-
tive study. Articles were included as per the PRISMA
guidelines, and studies were selected as per the PI-
COS criteria randomly, irrespective of the language
or type of study (randomized clinical trial, open-label
study, prospective study, or retrospective study). Two
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authors (SR and LL) separately scanned the relevant
sources for related studies. The full-text articles of
the sources were collected, and abstracts were used
only if they had sufficient information for the me-
ta-analysis. Obsolete references were excluded, and
useful studies were included as per the inclusion
criteria. Two researchers (HL and SZ) independently
retrieved a demographic description of the patients
and event data with meaningful variables from the
included studies [16-27].

Inclusion and exclusion criteria

Among the studies were those that reported on
the use of EIN for gastric cancer patients undergo-
ing surgery, as well as its comparison to other nu-
tritional supplements. The studies were chosen be-
tween the years 2000 and 2022. We only included
publications with the entire text and enough data
for 2 x 2 tables in our investigation, while abstracts,
studies with inadequate data, and relevant studies
published before 2000 were eliminated.

Analytical standard evaluation and source
of heterogeneity

Two reviewers (HL and SZ) independently as-
sessed the methodological validity of the included
papers, and the heterogeneity of the included exper-
iments was estimated. Author LL oversaw mediation
of any disagreements between authors (HL and SZ).
Cochran statistics were used to study heterogene-
ity, and the /? index in random bivariate mode was
determined using RevMan [31] and MedCalc soft-
ware [32]. The use of randomized controlled trials
vs. open-label studies, retrospective vs. prospective
research, varying numbers of patients with different
stages of gastric cancer, and the use of different nu-
tritional supplements for cancer patients were the
origins of the observed heterogeneity.

Table 1. PICOS search

Statistical analysis

RevMan and MedCalc software were used to
conduct a meta-analysis. The DerSimonian Lair tech-
niqgue was used to generate the diagnostic odds
ratio and risk ratio for statistical analysis, using
a 2 x 2 table created with the event data. Statistical
factors such as odds ratio and risk difference were
determined, and forest plots were generated using
RevMan software. The y? value, t? value, df value,
2 value, z-value, and p-value were used to assess
study heterogeneity. The risk of bias graph and sum-
mary were created using RevMan software, and pub-
lication bias was analysed using Begg’s test, Egger’s
test, and Deek’s funnel plot [33] using MedCalc soft-
ware.

Results
Literature search results

We found a total of 1139 studies through elec-
tronic scans from different databases as per the PI-
COS criteria [34] shown in Table I. Among these stud-
ies, we excluded 143 studies by reading their titles
and abstracts, and 996 records were screened. Fur-
ther, due to invalid references and duplicity, we ex-
cluded 717 studies and included only 279 studies for
final screening. Out of these 279 studies, 241 studies
were excluded based on the inclusion criteria, and
the eligibility of the remaining 38 studies was as-
sessed further. The key reasons for omission were
inadequate evidence and inappropriate comparison
criteria to create 2 x 2 tables for review. Finally, for
meta-analysis, 12 studies ranging from the years
2000 to 2022 fulfilled the inclusion criteria, i.e. the
use of EIN for gastric cancer patients was used as
shown in Figure 1. A total of 10,422 gastric cancer
patients of various ages were included in the stud-
ies. These patients were chosen randomly and pro-

P (patient, problem, population)

Patient with gastric cancer

| (intervention)

Evaluation of the effect of enteral immunonutrition (EIN) on patients undergoing

surgery for gastric cancer (GC).

C (comparison, control, or comparator)

Comparison of different nutritional supplements used for patients of gastric cancer

O (outcome][s])

Enteral immune nutrition (EIN) is good for fast recovery of gastric cancer patients

with low risk of morbidity and mortality

S (study type)

Randomized controlled trials, open level study, prospective study, retrospective

study
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|dentification

Identification of studies via database

Relevant records selected from database

search (n =1139)

Screening

A

Records screened (n = 996)

Y

Y

Eligibility

Reports sought for retrieval (n = 279)

Records excluded (n = 143):
due to invalid titles

A

Y

Reports not retrieved (n = 717):
due to invalid references

Reports assessed for eligibility (n = 38)

Y

Reports excluded (n = 241)

Reason 1 (n = 131): not using

enteral immunonutrition for
patients of gastric cancer

Studies included (n = 12)

Reason 2 (n = 67): insufficient data
for 2x2 tables

Included

Reason 3 (n = 43): not in the field
of interest

Figure 1. PRISMA flow diagram showing stages of searched database and included studies

vided with either EIN or other immunity-boosting
supplements before gastrectomy. The demographic
details of the studies included in this meta-analysis
are shown in Table II. It describes the author of the
study, publishing year, type of study, the intervention
of the study, total sample size, age of patients, type
of supplements used, number of patients selected for
the trial, results of the study, and p-value. Later, these
event data were used to perform the meta-analysis.

Meta-analysis results

The meta-analysis was performed using RevMan
and MedCalc software. The results are discussed be-
low.

Bias risk assessment

The risk of bias for included studies was assessed
as shown in Table lll. The risk of bias graph (Fig-
ure 2) and risk of bias summary (Figure 3) show that
the current meta-analysis has a low risk of bias. Pub-
lication bias was measured with the help of Egger’s
test, Begg’s test, and Deek’s funnel plot. The current
meta-analysis has a low risk of publication bias, as is
apparent from the funnel plot shown in Figure 4, and
the p-values of both tests are significant because
they are greater than 0.05 [35]: Egger’s test p-value
is 0.365 and Begg’s test p-value is 0.453.
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Statistical assessment

The diagnostic odds ratio and risk ratio of the
included studies were calculated using RevMan
software, and the respective forest plots were de-
signed as shown in Figures 5 and 6, respectively.
We obtained an odds ratio value of 0.23 (95% Cl:
0.09-0.59). The odds ratio value of less than 1 is
suggestive of the high likelihood of EIN boosting the
immunity of patients and the overall survival rate
with a low risk of morbidity and mortality. The re-
sults are heterogeneous with a t2 value of 2.77, a 2
value of 1707.96, a df value of 11, an /? value of 99%,
a z value of 3.04, and a p-value less than 0.05. The
risk ratio is 0.47 (95% Cl: 0.29-0.77) with heteroge-
neity of t2 value of 0.73, x? value of 1428.34, df val-
ue of 11, ? value of 99%, z value of 2.99, and p-value
of less than 0.05. The risk ratio value, which com-
pares the risks of supplements used in the 2 groups,
is also less than 1, which indicates that the use of
EIN for gastric cancer patients undergoing surgery
is safe and effective. The /? value greater than 50%
indicates the high heterogeneity [36] and random
effect model for meta-analysis. All these results are
statistically significant with a p-value less than 0.05
and are indicative of the high efficiency of EIN in
boosting the immunity of gastric cancer patients un-
dergoing gastrectomy.
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Figure 2. Risk of bias graph
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Figure 4. Forest plot for publication bias
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Total (95% Cl) 12608 12608 100.0 0.23 [0.09, 0.59] -
Total events 2235 10362
Heterogeneity: 12 = 2.77; x> = 1707.96, df = 11 (p < 0.00001); /> = 99% f f f |
Test for overall effect: Z = 3.04 (p = 0.002) 0.01 0.1 1 10 100
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Figure 5. Forest plot odds ratio
Study Intervention Control Weight Risk ratio M-H, Risk ratio M-H,
or subgroup Events Total Events Total (%) random, 95% Cl random, 95% Cl
Chen et al 2005 [18] 20 40 20 40 8.2 1.00[0.65, 1.55] —
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Guo et al. 2002 [16] 125 314 190 314 8.7 0.66[0.56, 0.77] -
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Li et al. 2016 [20] 779 7781 7002 7781 8.7 0.11[0.10,0.12] -
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Heterogeneity: 12 = 0.73, y2 = 1428.34, df = 11 (p < 0.00001); 12 = 99% f f f 1
8 / x s ® ) 0.01 0.1 1 10 100

Test for overall effect Z=2.99 (p = 0.003)

Figure 6. Forest plot risk ratio
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Figure 7. Enteral immunonutrition (EIN)

D2 lymphadenectomy (LAGD?2) is specifically preferred
for patients with gastric cancer because they reduce
operative blood loss and postoperative complications.
Hence, to reduce these infections and complications, it
is essential to boost the immunity of patients by pro-
viding them with immunity-enhancing supplements,
and for this, EIN is mostly recommended [47].

As shown in Figure 7, EIN is an enteral feeding
formula made up of nutritional supplements such
as amino acids arginine and/or glutamine, omega-3
predominant marine oils, nucleic acids, antioxidants,
vitamins, and minerals [48]. These supplements are
used because amino acids cause immune cell acti-
vation by improving cell metabolic reprogramming
via receptor ligation and by enhancing the rate of
transcription and translation [49]. Similarly, fatty
acids and nucleic acids are important for the ac-
quisition of biomass for cell division and cytokine
and immune cell production [50]. Antioxidants like
selenium, vitamin C, and vitamin E help to prevent
the oxidative damage of cells during the immune re-
sponse to invading pathogens and infectious agents
[51]. Due to these beneficial aspects, various studies
have recommended the use of EWIN as an effec-
tive preoperative supplement for patients undergo-
ing gastrectomy; Wong et al. 2016 [52] reported in
their systematic review and meta-analysis that the
use of EIN enhances the immune defence system
and reduces the duration of hospital stay, obtaining
a lower risk ratio (RR) of 0.59 with a 95% confidence
interval (Cl) of 0.40 to 0.88. In the same way, the
systematic review of Heyland et al. 2001 [53] recom-
mended EIN for people with gastric cancer.

Similarly to these studies, in our meta-analysis,
with statistically significant results (p < 0.05) and an
odds ratio value of 0.23 (95% Cl: 0.09-0.59), i.e. less
than 1, and a risk ratio value of 0.47 (95% Cl: 0.29-
0.77), i.e. less than 1, we conclude that pre-operative
and early use of EIN is safe and effective for boosting
the immunity of gastric cancer patients undergoing
surgery.

Videosurgery and Other Miniinvasive Techniques 1, March/2023

The limitations of the present study are the
variability of nutritional supplements used and the
evaluation of metabolic and immunological param-
eters via different tests performed by different labo-
ratory technicians, which in turn influences the risk
of false-negative results. Data from other relevant
studies that show potential benefits of EIN in boost-
ing the defence mechanisms can also include more
details about patients’ health status and behaviour
to indicate the importance and efficiency of these
studies more clearly. To see the variability, detailed
data on the patients’ case histories, physical exam-
inations, and pathological tests can further support
the safety and efficacy of EIN in boosting the immu-
nity of gastric cancer patients undergoing resection
surgery.

Conclusions

Gastric cancer is the most frequently reported
cancer of the uppermost intestinal tract and is fatal
if not treated promptly. Because its primary and most
effective treatment is surgery or gastrectomy, it is es-
sential to boost the immunity of patients undergo-
ing surgery to avoid post-operative infections, com-
plications, morbidity, and mortality and to increase
their overall survival rate. For this purpose, EIN is the
commonly recommended enteral feeding supple-
ment, but some studies have reported its risks and
adverse effects too. Thus, to address these issues,
we conducted this systematic review and meta-anal-
ysis to assess its safety and efficiency in boosting
the immunity of gastric cancer patients undergoing
gastrectomy. Based on statistically significant results
(p < 0.05), we highly recommend the preoperative
and early use of EIN for boosting the immunity of
gastric cancer patients undergoing surgery.
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