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ABSTRACT

Optimal nutrition formulas for colorectal cancer patients underwent surgery remains uncer-
tainty. We constructed an indirect comparison study to assess comparative efficacy of differ-
ent immunonutrition formulas and standard nutrition in colorectal cancer patients
underwent surgery. PubMed, the Cochrane Library, EMBASE, ClinicalTrials.gov and Web of
Science databases were searched to identify RCTs that compared immunonutrition with
standard nutrition or different immunonutrition formulas. Data on length of hospital stays
(LOS), infectious complications (IC), noninfectious complications (NIC) and anastomotic leak-
age (AL) were extracted from the included RCTs for Bayesian network analysis using a ran-
dom-effect model. Twelve articles that included 1032 individuals were incorporated into this
study. The indirect comparison confirmed the potential improvement of arginine-based
immunonutrition on IC (odds ratios [OR] = 0.43, 95%confidence interval [CI]: 0.17 to 0.95),
glutamine on NIC (OR = 0.07 Cl: 0.00 to 0.78) and LOS (MD=-3.91Cl: —6.33 to -1.69) and
omega-3 polyunsaturated fatty acids on LOS (OR=-3.49Cl: —5.46 to -1.00). Results indicated
that glutamine had the highest probability of reducing complications and hospital stays. As
for colorectal cancer patients underwent surgery, this indirect comparison suggested some
superiority of glutamine. Future more RCTs with larger scale are required to provide evi-
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dence for the optimal immunonutrition formulas.

Introduction

According to global cancer statistics, it is currently
estimated that there were more than 1.8 million new
colorectal cancer diagnoses, in addition to more than
half a million deaths, reported in 2018 (1). As a com-
mon digestive tract tumor, patients with colorectal
cancer are prone to malnutrition, which may be due
to decreased intake, impaired digestion, malabsorption
of nutrients and increased nutritional requirements
(2). Malnutrition is a key factor associated with the
dysfunction of homeostasis and the immune system,
which may lead to poor outcomes of surgery, such as
postoperative complications, delay of wound healing
and prolonged hospital stay (3). Thus, proper nutri-
tion support is necessary for perioperative colorectal

cancer patients. Recently, many researchers have
argued that immunonutrition was more effective than
standard nutrition interventions in improving inflam-
mation, promoting wound healing and shortening the
length of hospital stay in surgical patients (4).
Immunonutrition is defined as nutritional formulas
with the aim of stimulating the host immune response
with a combination of immunonutrients including
arginine, omega-3 polyunsaturated fatty acids (n-3
PUFAs), glutamine, nucleotides, etc (5).. Currently,
the immunonutrition formulas used for colorectal
cancer patients include n-3 PUFA supplements, glu-
tamine supplements and arginine-based immunonutri-
tion, which mainly comprise arginine and small
amounts of n-3 PUFAs and nucleotides (6). Arginine
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is a non-essential amino acid and an essential sub-
strate for immune cells; arginine is especially import-
ant for lymphocyte function (7, 8). N-3 PUFAs are
bioactive lipids that can modulate metabolic and
inflammatory responses in addition to providing
energy. Glutamine is the major energy source for
macrophages, lymphocytes, and enterocytes and could
decrease inflammation (5, 9).

Although the biological properties of immunonu-
trients have been well studied in experimental models,
the role of immunonutrition in clinical settings was
contrasting in relevant studies. Some studies (10, 11)
revealed a significant reduction in complications in
individuals receiving immunonutrition, while other
studies (12, 13) revealed that immunonutrition had no
advantage over standard nutrition in colorectal cancer
patients undergoing surgery. We assumed that these
different conclusions were caused by different immu-
nonutrition formulas. Regarding these formulas, some
studies (14, 15) suggested that arginine-based immu-
nonutrition and n-3 PUFAs can significantly reduce
infectious complications while having no advantage
for noninfectious complications. Glutamine had an
advantage for anastomotic leakage over standard
nutrition but had no advantage for infectious compli-
cations (16).

Few trials have been planned to investigate the
comparative efficacy of different immunonutrition for-
mulas. As a result, it is unclear which formulas are
the optimal nutrition support regimes for colorectal
cancer patients undergoing surgery. Bayesian network
meta-analysis, which is the expansion of pairwise
meta-analysis, provides an option for investigators to
indirectly compare the efficacies of multiple treat-
ments (17). Hence, in our study, a network meta-ana-
lysis was performed to assist in clinical decisions
regarding the use of n-3 PUFAs, glutamine, arginine-
based immunonutrition or standard nutrition for
colorectal patients undergoing surgery.

Materials and Methods

The indirect comparisons we performed strictly
adhered to the Preferred Reporting for Systematic
reviews and Meta-Analysis (PRISMA) statement (18).

Search Strategy

We searched electronic databases that included
PubMed, the  Cochrane Library, EMBASE,
ClinicalTrials.gov and the Web of Science to identify
all relevant randomized controlled trials (RCTs) that

investigated the effects of immunonutrition on colo-
rectal cancer patients who underwent surgery. The
last retrieval was performed on October 15, 2019. The
computerized search procedure was conducted using
the following search terms based on the strategy of
combining medical subject headings (MeSH) and key
words: (“Colon” OR “Rectal” OR “Colorectal”’) AND
(“Neoplasms” OR  “Cancer” OR  “Adenomas”
OR “Tumor”) AND (“Surgery” OR “Operation” OR
“Resection” OR “Enterectomy” OR “Proctectomy” OR
“Rectectomy”  OR  “Coloproctectomy”)  AND
(“Glutamine” OR “N-3 Fatty Acid” OR “Fish Oil” OR
“Arginine” OR “Nucleotide” OR “RNA” OR “Omega-
3 Fatty Acid” OR “Pharmaconutrition” OR
“Immunonutrition”) AND (“Nutrition” OR
“Supplement™”). We also performed manual supple-
references cited by the

mental searches of

retrieved articles.

Inclusion Criteria

In this systematic review and network meta-analysis, we
included the RCTs meeting the following eligibility cri-
teria: (1) Patients: all adults diagnosed with colorectal
neoplasms who were scheduled for surgery, (2)
Intervention: immunonutrition formulas including glu-
tamine supplements, n-3 PUFA supplements and argin-
ine-based immunonutrition, (3) Comparison: other
active immunonutrition formulas or standard nutrition,
and 4) Outcomes: length of hospital stays (LOSs), infec-
tious complications (IC), noninfectious complications
(NIC) and anastomotic leakage (AL). Nonoriginal
research, including reviews, letters and specialist com-
ments, and non-English publications were excluded.

Data Extraction

Data from the included articles were extracted by two
investigators separately according to the predesigned
data extraction forms. When differences existed, the
senior investigator was consulted, and a consensus
was reached by discussion. The following information
was extracted from the studies: basic characteristics of
each study (first author, publication year, country,
sample size, age and BMI of the participants), study
design (nutrients in the immunonutrition formula,
duration of the nutrition support, type of nutrition
supplement, treatment of control group), and out-
comes of interest.



Quality Assessment

The methodological quality of the included studies
was assessed with the Cochrane Collaboration tool,
which was used to evaluate random sequence gener-
ation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and
other biases related to RCTs (19).

Statistical Analysis

The data used in this meta-analysis were clinical out-
comes of different nutrition formulas. Indirect com-
parisons were conducted using WinBUGS version
1.4.3 (MRC Biostatistics Unit, Cambrigde, UK). We
performed a random-effect model within a Bayesian
framework for each endpoint (17). Dichotomous data
were analyzed to estimate the odds ratios (ORs) for
binary variables and the mean difference (MD) for
continuous outcomes. Models were computed with
Markov chain Monte Carlo simulations, using three
chains with over-dispersed initial values, with Gibbs
sampling based on 20000 iterations after a burn-in
phase of 50000 iterations. Each outcome was esti-
mated from the combination of the direct evidence
between the two treatments and the indirect evidence
derived from the network meta-analysis. When a dir-
ect connection between two treatments was not avail-
able, the effect estimates were derived from only
indirect evidence. The results were also presented
using the surface under the cumulative ranking curve
(SUCRA), and the higher SUCRA values corre-
sponded to a higher possibility for the respect-
ive outcome.

We conducted a traditional pairwise meta-analysis
by synthesizing studies that compared the same inter-
ventions with a random-effects model. We performed
the analyses using Stata version 13.0.

Results
Study Selection

As shown in Figure 1, a total of 1024 relevant articles
were identified by the search strategy. After reading
the titles and abstracts, we selected 26 articles to
undergo full-text review. Of the 26 articles, 14 were
excluded (most commonly because the target out-
comes were not included or the participants were not
only colorectal cancer patients), leaving twelve studies
(10-13, 20-27) eligible for the systematic review and
network meta-analysis.
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Study Characteristics

The key characteristics of the studies included in the
network meta-analysis are summarized in Table 1. All
twelve included studies were RCTs and involved a
total of 1032 patients. Among the included trials,
three were performed in Spain, 2 in Turkey, 2 in
Italy, 2 in China, 1 in Japan, 1 in Germany and 1 in
the UK. Study dates varied from December 1998 to
August 2016, and the average age of the participants
varied from 54.39 to 70.29 years. BMI ranged from
22.80 to 27.07. The sample sizes of the individual
studies ranged from 26 to 200. Eleven studies assessed
the length of hospital stays, ten studies assessed infec-
tious complications, six studies assessed noninfectious
complications, and eight studies assessed anastomotic
leakage. The evidence network plot was shown in
Figure 2.

Methodological Quality of the Included Studies

The quality assessment of the included papers is
shown in Figure 3. Most studies had a clear descrip-
tion of their random sequence generation. Half of the
studies appropriately performed allocation conceal-
ment. Seven studies were open-label studies and were
identified to have an unclear or high risk for blinding
of participants and personnel and blinding of outcome
assessment. In addition, almost all of the studies were
identified to have a low risk of bias for incomplete
outcome bias and selective reporting.

Length of Hospital Stays

Eleven articles, which included a total of 1006 partici-
pants, were synthesized for the network meta-analysis
of length of hospital stays (Table 2). Our research
showed that, compared to standard nutrition, glutam-
ine appeared to have better effect of shortening hospi-
talization time (OR -3.91 95%CI: —6.33 to -1.69); this
effect was also observed when compared to arginine-
based immunonutrition (OR -3.28 95%CI: —6.31 to
-0.45). n-3 PUFAs were superior to standard nutrition
in reducing hospital stays (OR -3.49 95%CIl: —5.96
to -1.00).

Infectious Complications

Ten articles, which included a total of 1100 partici-
pants, were synthesized for the network meta-analysis
of infectious complications (Table 3). The results
showed that, compared with standard nutrition, only
arginine-based immunonutrition (OR = 0.43 95%ClI
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Figure 1. Flow chart of articles screening.

[0.17, 0.95]) appeared to have an effect on reducing
infectious complications, while n-3 PUFAs and glu-
tamine did not show an effect. Three formulas did
not show any differences either.

Noninfectious Complications

Six articles, which included a total of 890 participants,
were synthesized for the network meta-analysis of
noninfectious complications (Table 4). Our research
suggested that, compared to standard nutrition, glu-
tamine appeared to have better strength in reducing
noninfectious complications (OR = 0.07 95%CI [0.00,

'
c Records identified through Additional records identified
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=
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()
E l
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(n=639)
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other diseases except for
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1 retrospective study
T
A
5 Studies included in
2 quantitative synthesis
E (meta-analysis)
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0.78]), and the same effect was observed when com-
pared to n-3 PUFAs (OR = 0.05 95%CI [0.00,
—0.83]) and arginine-based immunonutrition (OR =
0.08 95%CI [0.00, 0.99]).

Anastomotic Leakage

Eight articles, which included a total of 1002 partici-
pants, were synthesized for the network meta-analysis
of anastomotic leakage (Table 5). Anastomotic leakage
is an important noninfectious complication after colo-
rectal resection. An unexpected result was found in
which a natural number of one was included in all
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width the number of articles comparing each pair of articles.

We used SUCRA to rank all nutrition support regimes

Ranking of the Different Formulas of

Immunonutrition

for the corresponding outcomes. Figure 4 shows the
distribution of the probabilities of each treatment

colorectal cancer

immunonutrition for
patients undergoing surgery from twelve RCTs (1032

individuals) had four main findings. First, glutamine

of

Iscussion

being ranked in each of the possible four positions.

Glutamine worked best for preventing infectious com-
plications, followed by n-3 PUFAs, arginine-based for-

mulas, and standard nutrition. The same results were
found with respect to length of hospital stays, indicat-
ing a possible relationship between these outcomes.
On the other hand, patients supplied with glutamine
were less likely to have postoperative noninfectious
complications and anastomotic leakage; arginine-based
nutrition, standard nutrition and n-3 PUFAs followed
in the ranking.

This network meta-analysis comparing different for-
had the highest probability of reducing postoperative
complications and hospital stays. Second, arginine-
based immunonutrition was significantly more effect-
ive than standard nutrition for infectious complication
reduction. Third, n-3 PUFAs have shown a tendency
to reduce hospital stays compared with the effects of
standard nutrition. Fourth, regardless of the formulas,
immunonutrition has demonstrated an advantage in
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Figure 3. Risk of bias graph and risk of bias summary of RCTs.
Table 2. Comparison of different immunonutrtion formulas in length of hospital stays between
pairwise meta-analysis and network.
Arginine-based IM —3.28 (-6.31, —0.45) —2.88 (-5.96, 0.19) 0.60 (-1.13, 2.31)
3.28 (0.45, 6.31) Glutamine 042 (-2.42, 3.35) 3.91 (1,69, 6.33)
2.88 (-0.19, 5.96) —0.42 (-3.35, 2.42) N-3 PUFAs 3.49 (1.00, 5.96)
—0.60 (-2.31, 1.13) —3.91 (-6.33, —1.69) —3.49 (-5.96, —1.00) Standard nutrition
Table 3. Comparison of different immunonutrtion formulas in infectious complication between
pairwise meta-analysis and network.
Arginine-based IM 0.56 (0.06, 6.40) 1.14 (0.14, 10.60) 2.32 (1.05, 5.75)
1.79 (0.16, 18.10) Glutamine 1.99 (0.1, 38.97) 4.10 (0.45, 37.89)
0.88 (0.09, 7.13) 0.50 (0.03, 9.03) N-3 PUFAs 2.05 (0.28, 15.01)
0.43 (0.17, 0.95) 0.24 (0.03, 2.22) 0.49 (0.07, 3.59) Standard nutrition

terms of length of hospital stays, infectious complica-  barrier and enhances immune function (28).

tions and noninfectious complications compared with
standard nutrition; an exception is the result obtained
for anastomotic leakage.

Glutamine is the most abundant free amino acid in
the body and plays an important role in nitrogen bal-
ance. Glutamine is a fuel for enterocytes, macrophages
and lymphocytes, protects the gastrointestinal mucosa

Previously, a direct meta-analysis examining the effi-
cacy of glutamine in colorectal cancer patients under-
going surgery suggested that glutamine significantly
reduced postoperative noninfectious complications
and the length of hospital stays (16). Our findings are
consistent with the previous study; moreover, based
on the SUCRA value of the current study, we
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Table 4. Comparison of different immunonutrtion formulas in noninfectious complication

between pairwise meta-analysis and network.

Arginine-based IM
11.91 (1.01, 496.87)
0.60 (0.09, 3.98)
0.89 (0.35, 2.25)

0.08 (0.00, 0.99)
Glutamine

0.05 (0.00, 0.83)
0.07 (0.00, 0.78)

1.66 (0.25, 11.62)
19.94 (1.21, 1041.37)
N-3 PUFAs

1.46 (0.29, 8.08)

1.13 (0.44, 2.86)
13.33 (1.28, 481.47)
0.68 (0.12, 3.47)
Standard nutrition

Table 5. Comparison of different immunonutrtion formulas in Anastomotic leakage between pair-

wise meta-analysis and network.

Arginine-based IM
3.83 (0.31, 112.14)
0.35 (0.05, 2.14)
0.61 (0.28, 1.41)

0.26 (0.01, 3.27)
Glutamine
0.08 (0.00, 1.53)
0.16 (0.01, 1.75)

2.89 (0.47, 20.48)
11.99 (0.65, 411.33)
N-3 PUFAs
1.81 (0.35, 10.90)

1.64 (0.71, 3.62)
6.31 (0.57, 153.72)
0.55 (0.09, 2.88)
Standard nutrition

Length of hospital stays
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-0.1 1 2 3 4
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C

Non-infectious complications
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Infectious complications
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0.6
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Anastomotic leakage
09
0.8
0.7
0.6
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0.2

0.1 ‘/

Rank 1 Rank 2 Rank 3 Rank 4

e Arginine-based M es===Glutamine N-3 PUFAs Standard nutrition

Figure 4. Ranking of outcomes for the included studies. Odds ratio (OR) and 95% confidence interval (Cl) were used to expressed
the difference between formulas. First rank indicates lowest probability to prevent occurrence of infectious, noninfectious and anas-
tomotic leak complications. For length of hospitalization, first rank indicates longest stay in hospital.

discovered that glutamine had the highest probability
of reducing postoperative complications and length of
hospital stay compared with the effects of the other
nutrition formulas.

Arginine-based immunonutrition is a specialized
nutrition formula comprising arginine, omega-3 fatty
acids and  nucleotides (14).  Arginine-based

immunonutrition is one of the most common immu-
nonutrition formulas for gastrointestinal cancer
patients because of its comprehensive immunonu-
trients. The results of the current study suggested that
compared with standard nutrition, arginine-based
immunonutrition resulted in a 57% reduction in the
relative risk of infectious complications, which
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suggested that it is worthy of recommendation. In
addition, arginine-based immunonutrition was initially
expected by Waitzberg et al (6) to reduce the hospital
stays in surgical patients, but this finding was not sig-
nificant in our indirect comparison. Despite this dis-
parity, the result of a recent multicentre retrospective
study performed in colorectal cancer patients was con-
sistent with our results (14). A possible explanation
for this conflict was that the study of Waitzberg et al
included gastrointestinal cancer patients with multiple
diagnoses, which increased the heterogeneity.

N-3 PUFAs are the precursors of resolvins, which
are shown to reduce cellular inflammation by inhibit-
ing the transportation of inflammatory cells and medi-
ators to the site of inflammation (29). The potential
effects of n-3 PUFAs have been demonstrated in a
number of animal studies and model systems, while
there is a lack of human studies to examine their clin-
ical efficacy (5). This meta-analysis synthesized rele-
vant clinical trials and suggested that n-3 PUFAs
could significantly reduce hospital stays by an average
of 3.46 day. Previous studies were consistent with this
result, while we also compared n-3 PUFAs with other
immunonutrients (15). From the SUCRA scores in
this study, n-3 PUFAs showed a trend toward reduc-
ing infectious complications, but it was less effective
in reducing noninfectious complications, including
anastomotic leakage. A possible explanation is that n-
3 PUFAs can significantly reduce the production of
proinflammatory cytokines, including IL-6 and TNF-
o, which may lead to improved immune function and
reduced septic events in colorectal cancer patients
undergoing surgery, while it may have little effect on
noninfectious complications (30).

A meta-analysis of immunonutrition has been pre-
viously performed in colorectal cancer patients to
study its functional mechanism and clinical use. Xu
et al performed a direct comparison of meta-analyses
comparing immunonutrition with standard nutrition
in colorectal cancer patients who underwent surgery
and suggested that regardless of the enteral or paren-
teral route and different nutrition formulas, immuno-
nutrition was effective in reducing infectious
complications and length of hospital stays (31).
However, when comparing each immunonutrition for-
mula alone with standard nutrition, the results sug-
gested that different formulas had different advantages
in clinical outcomes (14-16). To the best of our
knowledge, this is the first study to indirectly compare
these nutrition formulas with each other; we eventu-
ally found the possible superiority of glutamine of all

of the immunonutrition formulas for colorectal can-
cer patients.

There are still some limitations in this study.
Above all, some estimates in our study were generated
from individual RCTs with a small number of
patients; however, most of our results were consistent
with previous studies. Future well-designed RCTs with
large sample sizes are needed. Additionally, we failed
to identify the effects of different routes of nutrition
supplementation (enteral or parenteral) and timing of
nutrition supplementation (preoperative, postoperative
or perioperative) on the outcomes as planned because
of the limited number of studies in each group.
Overall, our results should be interpreted with cau-
tion. Nonetheless, our research can provide clinicians
with an optimal nutritional formula reference to
effectively improve the nutritional status of patients
and improve clinical outcomes.

Conclusion

Immunonutrition is an effective type of nutrition sup-
port for colorectal cancer patients undergoing surgery,
while the ideal immunonutrition formulas may differ
according to the parameters prioritized by surgeons
and patients. Our indirect comparison suggested that
arginine-based immunonutrition reduced the relative
risk of infectious complications. N-3 PUFAs signifi-
cantly reduced hospital stays. Overall, glutamine had
the highest probability of reducing complications and
hospital stays compared to the probabilities associated
with other nutrition formulas. Future RCTs with
larger sample sizes directly comparing these immuno-
nutrition formulas with each other are warranted.
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