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Abstract

Aim: The present systematic review and meta-analysis aims to compare adult patients re-
ceiving enteral immunonutrition prior to elective colorectal surgery with those receiving
conventional preoperative nutrition.

Methods: MEDLINE, Embase and the Cochrane Central Register of Controlled Trials were
searched from database inception to March 2024. Articles were included if they were
randomized controlled trials or cohort studies evaluating adult patients undergoing elec-
tive colorectal surgery comparing preoperative enteral immunonutrition with conven-
tional preoperative nutrition protocols. Main outcomes of interest included surgical site
infection, anastomotic leak, overall postoperative morbidity and postoperative length of
stay. An inverse variance random effects meta-analysis was performed. Risk of bias was
assessed with Cochrane risk of bias assessment tools. The GRADE approach was con-
ducted to assess quality of evidence.

Results: After reviewing 2508 relevant citations, 10 studies met inclusion criteria. Overall,
1521 patients (mean age 64.9 +10.0years, 49.4% women) received preoperative immu-
nonutrition and 1816 patients (mean age 64.1+11.0years, 52.1% women) received con-
ventional preoperative nutrition. Across seven studies, there was a non-significant 30%
relative risk reduction of surgical site infection (risk ratio 0.70, 95% Cl 0.44-1.11, P=0.13,
1?=33%) and a non-significant 44% relative risk reduction of anastomotic leak (risk ratio
0.56, 95% Cl 0.28-1.10, P=0.09, 12=O%) in the immunonutrition group. Across eight
studies, postoperative length of stay was 0.48 days shorter in the immunonutrition group
(mean difference -0.48, 95% Cl -0.84 to -0.12, P=0.01, I2=53%). GRADE certainty of
evidence was low or very low for all outcomes.

Conclusion: While point estimates suggest a likely benefit associated with preopera-
tive enteral immunonutrition, wide corresponding 95% Cls suggest uncertainty remains.

Further prospective study is warranted.
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INTRODUCTION

While perioperative protocols have significantly improved over
the past several decades, the risk of experiencing postoperative
morbidity such as infection continues to impact patients under-
going colorectal cancer surgery [1, 2]. Incidence of postoperative
surgical site infection (SSI) can be as high as 22.5%, an especially
worrisome statistic given the prevalence of colorectal cancer [2,
3]. Additionally, total lifetime treatment costs of colorectal cancer
in Canada can range from $187 million to as high as $333 million
Canadian dollars with over 60% of the lifetime costs being asso-
ciated with hospitalization, highlighting the financial burden that
postoperative complications place on both patients and health-
care systems alike [4].

Enhanced recovery after surgery (ERAS) guidelines have im-
proved postoperative outcomes in patients undergoing colorectal
surgery, recommending bundled preoperative, intraoperative and
postoperative care packages specifically aimed at reducing postop-
erative morbidity and speeding postoperative recovery [5-7]. The
most recent ERAS guidelines for elective colorectal surgery strongly
recommend preoperative nutritional screening and preoperative
nutritional supplementation based on low and moderate certainty
of evidence, respectively [5, 8]. Nonetheless, approaches to preop-
erative nutritional optimization are variable, with none uniformly
recommended.

Immunonutrition products, composed of arginine, omega-3
fatty acids, glutamine and/or nucleotides, are often advertised as
effective agents for reducing negative clinical outcomes like infec-
tion and inflammation amongst colorectal cancer patients [9-15].
Parenteral and enteral forms are available [16]. While studies have
begun exploring the role of immunonutrition in preoperative care,
demonstrating both safety and efficacy, immunonutrition has yet to
become the standard of care for elective colorectal cancer surgery.
Systematic reviews and meta-analyses have published data examin-
ing the pooled effect of preoperative immunonutrition in this pop-
ulation [9]. However, there have been recent randomized controlled
trials (RCTs) and large observational studies since the most recent
data synthesis [10, 11]. Moreover, most past systematic reviews pri-
marily focused on both enteral and parenteral immunonutrition both
prior to and following colorectal surgery [9-15, 17, 18]. Our study
aims to update these and compare adult patients receiving enteral
immunonutrition prior to elective colorectal surgery to those receiv-

ing conventional preoperative nutrition.

MATERIALS AND METHODS

This systematic review and meta-analysis are reported in accord-
ance with the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA; Appendices S1 and S2) [19]. The study pro-
tocol was registered on the International Prospective Register for
Systematic Reviews (PROSPERO) a priori (CRD42022379834). Local
ethics review board approval was not required.

Search strategy

MEDLINE, Embase and the Cochrane Central Register of Controlled
Trials (CENTRAL) databases were searched from inception through
March 2024. The search was designed and conducted by a medical
research librarian with input from study investigators. Search terms
included ‘colorectal cancer’, ‘immunonutrition’ and more (complete
search strategy available in Appendices S3 and S4). References of

published studies and grey literature were manually searched.

Study selection

Articles were eligible for inclusion if they were RCTs, prospective
cohort studies or retrospective cohort studies evaluating adult pa-
tients (i.e., over the age of 18) undergoing elective colorectal surgery
comparing preoperative enteral immunonutrition with conventional
preoperative nutrition protocols/control and reporting any of the
outcomes of interest. Enteral immunonutrition was defined as di-
etary supplementation solutions containing one or more of the fol-
lowing: arginine, glutamine, omega-3 fatty acids, nucleotides [20].
Articles written in any language were considered for inclusion.
Conference abstracts were eligible for inclusion. Studies including
patients receiving parenteral immunonutrition, paediatric patients,
patients undergoing non-colorectal cancer surgeries and patients
undergoing emergency surgery were excluded. Studies with a
comparison group also receiving immunonutrition as well as stud-
ies evaluating immunonutrition in the context of the ERAS protocol
and not reporting outcome data specific for nutrition were also ex-
cluded. Single-arm, non-comparative studies, as well as case-control
studies, case series, case studies, surveys or any study not reporting

primary data were excluded.

Outcomes assessed

The outcomes assessed were SSI, anastomotic leak, postoperative gen-
itourinary (GU) complication, postoperative respiratory complication,
overall postoperative morbidity, postoperative length of stay (LOS)
and 30-day readmission. SSI was defined according to the Centers for
Disease Control and Prevention classification of SSls [21]. If a study
did not report overall SSI, the following order of priority for infective
outcomes was used to represent the event rate: (i) organ or space SSI,
(ii) deep incisional SSI, (iii) superficial incisional SSI. Anastomotic leak
was defined as communication between the intraluminal and extralu-
minal compartments of the site of surgical anastomosis resulting from
defect of the intestinal wall, identified radiologically or intraoperatively
[22]. For our purposes, overall postoperative morbidity was defined
as any deviation from the expected postoperative course as reported
by each included study. If studies did not report overall morbidity as
a pooled outcome, the outcome was reported as missing. Similarly,
other outcomes from the primary studies were excluded if they were
deemed to be dissimilar to our pre-defined outcomes by members of
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the study team. Postoperative LOS was defined as the number of days
from the index procedure to the time the patient left an acute care
bed. Thirty-day readmission was defined as readmission to hospital re-

ported within 30days of the index surgery.

Data extraction

Three reviewers (TK, GJ, VS) independently screened the system-
atically searched titles and abstracts using a standardized, pilot-
tested form on Covidence. Discrepancies in the title and abstract
screening phases were resolved by inclusion. At the full-text screen-
ing stage, discrepancies were resolved by consensus between the
three reviewers. If disagreement persisted, a fourth reviewer (TM)
was consulted. Three reviewers (TK, GJ, VS) independently and in
duplicate conducted data extraction into a data collection form de-
signed a priori and pilot tested on Microsoft Excel©. The extracted
data included study characteristics (e.g., author, year of publication),
patient demographics (e.g., age, gender, diagnosis), intervention
characteristics (e.g., immunonutrition components), postoperative
outcomes (e.g., SSI, anastomotic leak, overall postoperative morbid-

ity) and healthcare cost (i.e., total inpatient healthcare cost).

Risk of bias assessment and certainty of evidence

Risk of bias was assessed using the Cochrane Risk of Bias Tool for
Randomized Controlled Trials 2.0 and the Non-randomized Studies
of Interventions (ROBINS-I) assessment tool for RCTs and observa-
tional studies, respectively [23, 24]. Three reviewers assessed the
risk of bias and quality of these studies independently. Discrepancies
were discussed until consensus was reached.

Certainty of evidence for estimates derived from meta-analyses
was assessed by Grading of Recommendations, Assessment,
Development and Evaluation (GRADE), scored as high, moderate,
low or very low for each outcome according to six pre-specified
categories (i.e., risk of bias, inconsistency of results, directness of
evidence, imprecision, publication bias and other) [25]. These results
were ultimately collated in a summary of findings table using the
GRADEPro software [26].

Statistical analysis

Statistical analyses were performed on STATA version 15
(StataCorp, College, TX, USA) and DataParty (Hamilton, ON,
Canada). The threshold for statistical significance was set a pri-
ori at P<0.05. A pairwise meta-analysis was performed using an
inverse variance random effects model for all comparative data
stratified based on type of study (i.e., randomized study vs. non-
randomized study). If an event rate was very low (i.e., <5%) then
a Mantel-Haenszel random effects model was used for compara-
tive dichotomous data. A fixed effects model was used if a small
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study bias was suspected. Pooled effect estimates for binary
outcomes were estimated by calculating the risk ratio (RR) along
with the respective 95% CI. Pooled effect estimates for continu-
ous outcomes were estimated with mean difference (MD) along
with the respective 95% Cl. Mean and SD were estimated for stud-
ies that only reported median and interquartile range using the
method described by Wan et al. [27]. Missing SD data were cal-
culated according to the prognostic method [28]. Assessment of
between-study heterogeneity was done using the inconsistency
(1%) statistic. An I? greater than 40% was considered to represent
considerable heterogeneity [29]. Bias in meta-analysed outcomes
was assessed with funnel plots if over 10 studies were included
in the meta-analysis [30]. A leave-one-out sensitivity analysis was
performed iteratively, removing one study at a time from the in-
verse variance random effects model to ensure pooled effect es-
timates were not driven by a single study. Subgroup analysis was
determined a priori and performed based on risk of bias (i.e., high
vs. moderate/low). Planned subgroup analyses in the protocol that
were not performed included operative approach (i.e., more than
50% minimally invasive vs. less than 50% minimally invasive), type
of disease (i.e., more than 50% colorectal cancer vs. less than 50%
colorectal cancer) and type of control (i.e., active vs. control/no
intervention) due to a paucity of data.

RESULTS
Study characteristics

Database and registry searches identified 2572 relevant records.
After excluding 16 duplicates, 2556 independent records were
available for screening. Title and abstract screening excluded 2521
records. Four full texts were sought but not retrieved. After as-
sessing 31 full texts for eligibility, two RCTs, seven cohort stud-
ies and one conference abstract were included [11-14, 31-36]. A
PRISMA flow diagram of the study selection process is given in
Figure 1. Excluded studies with their reason for exclusion are given
in Table S1.

Study characteristics including demographics and a description
of the preoperative immunonutrition regime for each included study
are reported in Table 1. Included studies were conducted from 2006
to 2023. Overall, 1521 patients (mean age 64.9 +10.0years, 49.4%
women) received preoperative immunonutrition and 1816 patients
(mean age 64.1+11.0years, 52.1% women) received conventional
preoperative nutrition. Two studies specifically reported following
ERAS protocols for all participants [34, 36].

Intervention details
There was significant between-study heterogeneity in type of im-

munonutrition formula used and preoperative regimen followed.

Four studies reported using some variation of the Impact® brand
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Records identified from MEDLINE,
Embase, and CENTRAL:
Databases/Registers (n = 2572)

!

Studies screened (n = 2556)

Studies sought for retrieval (n = 35)

!

Studies assessed for eligibility
(n=231)

Studies included in review (n = 10)

—»| Studies excluded (n = 2521)

—»| Studies not retrieved (n = 4)

— »| Studies excluded (n = 21):

Studies removed before screening:
e Duplicate records removed (n = 16)
e Records marked as ineligible by
automation tools (not applicable)
e Records removed for other reasons
(n=0)

e  Perioperative immunonutrition rather
than preoperative (n = 9)

e  Wrong outcomes (n = 5)

e Not specifically studying colorectal
cancer patients (n = 3)

e  Comparison group also receiving
immunonutrition (n = 2)

e Wrong route of administration (e.g.,
IV, parenteral) (n = 1)

e Wrong study type (e.g.,
response/letter, poster presentation)
(n=1)

FIGURE 1 PRISMA diagram: transparent reporting of systematic reviews and meta-analysis flow diagram outlining the search strategy

results from initial search to included studies.

of immunonutrition, whereas the remaining studies reported im-
munonutrition regimes involving some combination of arginine,
omega-3 fatty acids and nucleotides. Seven studies utilized a 5-day
preoperative course of immunonutrition, one study utilized a 7-day
preoperative course of immunonutrition, one study utilized an 8-day
preoperative course of immunonutrition and one study utilized a 10-

day preoperative course of immunonutrition.

Control details

Most control groups received conventional preoperative care,
following a normal preoperative diet. Tesauro et al. was the only
study where the control group followed a specific preoperative
diet, consisting of 3days of high protein and low fibre, with clear
fluids consisting of sugar/simple carbohydrates consumed up to
4 h before surgery [36]. Three studies specifically reported both
mechanical and chemical bowel preparation for all participants
[16, 17, 34].

Treatment characteristics

Treatment characteristics are reported in Table 2. The most
common indication for colorectal surgery was colorectal cancer
(55.0%). Most colorectal cancer surgeries were performed on
Stage Ill tumours (37.2%). Most operations were performed lapa-
roscopically (85.5%). There were no data reported on stoma rates
across the 10 studies.

Postoperative outcomes

Postoperative outcomes for each of the individual included stud-
ies are reported in Table 3. Pooling from five studies, there was a
non-significant 20% relative risk reduction in the risk of overall post-
operative morbidity in the immunonutrition group (RR 0.8, 95% ClI
0.57-1.12, P=0.20, I>=64%; Figure 2). Subgroup analyses based on
risk of bias could not be performed. Results were unchanged with

leave-one-out sensitivity analysis.
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Total Postoperative Complications

Study Immunonutrition (%) Control (%) Weight
RCT

Lee (2023) 25/79 (31.6%) 24/82 (29.3%) 20.4%
Subgroup Estimate 25/79 (31.6%) 24/82 (29.3%) I?: 0%
Non-RCT

Ogilvie (2023) 123/514 (23.9%) 67/312 (21.5%) 27.7%
Tang (2023) 12/53 (22.6%) 27/53 (50.9%) 17.4%
Tesauro (2021) 7/147 (14.9%) 32/126 (25.4%) 12.8%
Thornblade (2017) 34/480 (7.1%)  45/480 (9.4%) 21.8%
Subgroup Estimate 176/1,094 (16.1%) 171/971 (17.6%) 1% 71%
Pooled Estimate I?: 64%
Mantol-Haonszol, DerSimonian-Lairs — p=0.20. z=129

e e o s

FIGURE 2 Forest plot of total postoperative complications results.

Favours Immunonutrition Favours Control
RR [95% CI] T -

1.08 [0.68, 1.73]
1.08 [0.68, 1.73]

1.11 [0.86, 1.45]
0.44 [0.25, 0.78]
0.59 [0.28, 1.24]
0.76 [0.49, 1.16]
0.73[0.47, 1.12]

0.8 [0.57,1.12)

RR: Risk Ratio
CI: Confidence Interval
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Postoperative Anastomotic Leak

Study Immunonutrition (%) Control (%) Weight
RCT

Lee (2023) 0/79 (0.0%) 0/82 (0.0%) 3.0%
ManzanaresCampillo (2017)  5/42 (11.9%) 7/42 (16.7%) 5.0%
Subgroup Estimate 5/121 (4.1%) 7/124 (5.6%) I*: 0%
Non-RCT

Banerjee (2017) 0/151 (0.0%)  2/565 (0.4%) 4.6%
Horie (2006) 0/33 (0.0%) 1/34 (2.9%) 40.2%
Putrus (2015) 1/57 (1.8%)  5/57 (8.8%) 10.2%
Tang (2023) 2/53 (3.8%) 4/53 (7.5%) 16.7%
Tesauro (2021) 2/47 (4.3%) 9/126 (7.1%)  20.4%
Subgroup Estimate 5/341 (1.5%) 21/835 (2.5%) 1% 0%
Pooled Estimate 12: 0%

Mantel-Haenszel, DerSimonian-Laird
indom Effects

P=0.00, 22160
a 2
Subgroup Effect

112047, p=0.49, I'=0.0%

FIGURE 3 Forest plot of postoperative anastomotic leak results.

Favours Immunonutrition Favours Control
RR [95% CI] = =

1.04 [0.02, 51.66]
0.71 [0.25, 2.07]
0.73[0.26, 2.05]

0.74 [0.04, 15.43]
0.34 [0.01, 8.13)
0.2 [0.02, 1.66]
0.5[0.1, 2.61]
0.6 [0.13, 2.66]
0.45[0.19, 1.11])

0.56 [0.28, 1.1]

RR: Risk Ratlo
CI: Confidence Interval

——e—
——
- e
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e
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Surgical Site Infection

Study Immunonutrition (%) Control (%) Weight
RCT

Lee (2023) 8/79 (10.1%) 6/82 (7.3%) 14.3%
ManzanaresCampillo (2017)  10/42 (23.8%) 17/42 (40.5%) 2.4%
Subgroup Estimate 18/121 (14.9%) 23/124 (18.5%) I?: 49%
Non-RCT

Horie (2006) 0/33 (0.0%)  4/34 (11.8%) 24.2%
Ogilvie (2023) 35/514 (6.8%)  20/312 (6.4%) 29.1%
Putrus (2015) 9/57 (15.8%) 14/57 (24.6%) 20.9%
Tang (2023) 1/53 (1.9%)  7/53 (13.2%) 4.5%
Tesauro (2021) 1/47 (2.1%)  10/126 (7.9%) 4.6%
Subgroup Estimate 46/704 (6.5%)  55/582 (9.5%) 1% 44%
Pooled Estimate 12: 33%
Mantel-Haenszol, DorSimonian-Laird p=0.13, 7=1.53

Searoun e Y2045, pe0.0, Pe00%

FIGURE 4 Forest plot of surgical site infection results.

Pooling data from seven studies, there was a non-significant
44% relative risk reduction in the risk of anastomotic leak in the im-
munonutrition group (RR 0.56, 95% CI 0.28-1.10, P=0.09, ?=0%:;
Figure 3). No subgroup interaction was observed according to risk
of bias (P=0.41). Results were unchanged with leave-one-out and
publication status sensitivity analyses.

Pooling data from seven studies, there was a non-significant 30%
relative risk reduction in the risk of SSl in the immunonutrition group

Favours Immunonutrition Favours Control
RR [95% CI] - =

1.38[0.5, 3.81) -
0.59 [0.31, 1.13]

0.82[0.36, 1.88] —
0.11 [0.01, 2.04] N

1.06 [0.62, 1.81] .
0.64 (0.3, 1.36] ———
0.1410.02, 1.12]

0.27[0.04, 2.04]

0.57[0.28, 1.16] —~

0.7 [0.44, 1.11] <
oL . 0.01 01 1 10 100

(RR 0.70, 95% CI 0.44-1.11, P=0.13, I*=33%; Figure 4). No sub-
group interaction was observed according to risk of bias (P=0.57).
Results were unchanged with leave-one-out and publication status
sensitivity analyses.

Pooling data from five studies, there was a non-significant 36%
relative risk reduction in the risk of postoperative GU complication
in the immunonutrition group (RR 0.64, 95% Cl 0.41-1.02, P=0.06,
12=0%; Figure 5). No subgroup interaction was observed according
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Postoperative Genitourinary Complication

Study Immunonutrition (%) Control (%) Weight
RC1

Lee (2023) 3/79 (3.8%) 3/82 (3.7%) 8.6%
ManzanaresCampillo (2017)  10/42 (23.8%) 17/42 (40.5%) 49.5%
Subgroup Estimate 13/121 (10.7%) 20/124 (16.1%) I%: 0%
Non-RCT

Horie (2006) 0/33 (0.0%) 1/34 (2.9%) 2.1%
Putrus (2015) 9/57 (15.8%) 13/57 (22.8%) 36.0%
Tang (2023) 1/53 (1.9%) 2/53 (3.8%) 3.8%
Subgroup Estimate 10/143 (7.0%) 16/144 (11.1%) 1% 0%
Pooled Estimate I?: 0%
MantolHaonszel, DerSimonian-Laird =006, z=1.88

Sibgron e V000,098, 7200%

FIGURE 5 Forest plot of postoperative genitourinary complication results.

Postoperative Mean LOS

Study Immunonutrition (N) Control N Weight
RCT

Lee (2023) 7.6 =25 79 74223 82 13.5%
ManzanaresCampillo (2017) 12.7 £ 8.3 42 13.1 £10.8 42 29.3%
Subgroup Estimate I2: 0%
Non-RCT

Banerjee (2017) 6.46 £ 1.0 151 6.85 = 1.0 565  1.6%
Horie (2006) 12.5+ 38 33 140+ 72 34 0.7%
Ogilvie (2023) 5.0 + 3.0 514 5.7'x32 312 21.5%
Tang (2023) 7.7.£23 53 95%4.2 53 6.3%
Tesauro (2021) 4.85 £ 2.25 47 6.06 £ 3.95 126 10.0%
Thornblade (2017) 59+49 480 58+45 480 17.0%
Subgroup Estimate I?: 59%

1%: 53%
aird p=0.01, 2=2.62

v=0.11
$w3.35, pe0.07, 1*70.1%

FIGURE 6 Forest plot of postoperative mean LOS results.

to risk of bias (P=0.91). Results were unchanged with leave-one-out
and publication status sensitivity analyses.

Pooling data from six studies, there was no significant reduc-
tion in the relative risk of postoperative respiratory complication
in the immunonutrition group (RR 0.95, 95% Cl 0.26-3.48, P=0.94,
12=49%; Figure S1). No subgroup interaction was observed accord-
ing to risk of bias (P=0.14). Results were unchanged with leave-one-
out and publication status sensitivity analyses.

Pooling data from four studies, there was no significant rela-
tive risk reduction in the risk of postoperative ileus in the immu-
nonutrition group (RR 0.81, 95% CI 0.38-1.57, P=0.48, >=0%;
Figure S2). Subgroup analyses based on risk of bias could not be
performed. Results were unchanged with leave-one-out sensitiv-
ity analysis.

Across eight studies, postoperative LOS was 0.48days shorter
in the immunonutrition group (MD -0.48, 95% Cl| -0.84 to -0.12,
P=0.01, I?=53%; Figure 6). No subgroup interaction was observed
according to risk of bias (P=0.14). Results were unchanged with
leave-one-out sensitivity analysis.

Lastly, only two studies reported 30-day readmission, and so
meta-analysis was not possible (RR 0.82, 95% Cl 0.20-3.46, P=0.79,
1?=31%; Figure S3).

Favours Immunonutrition Favours Control
RR [95% CI] = ~
1.04 [0.22, 4.99) —_———
0.59 [0.31, 1.13] —
0.64 [0.35, 1.17] —~
0.34 [0.01, 8.13]
0.69 [0.32, 1.49] — .
0.5 [0.05, 5.35]
0.65 [0.32, 1.32]) e
0.64 [0.41, 1.02] ~—
S Eonpines el 0.01 0.1 1 10 100
Favours Immunonutrition Favours Control
MD [95% CI] - =5
0.2 [-0.54, 0.94] e
-0.4 [-4.52, 3.72] -
0.18 [-0.55, 0.91] e
-0.39 [-0.57, -0.21]
-1.5 [-4.25, 1.25]
-0.7 [-1.14, -0.26) -
-1.8 [-3.09, -0.51] ——
-1.21 [-2.15, -0.27] —_——
0.1 [(-0.5, 0.7] -
-0.6 [-0.99, -0.2] -
-0.48 [-0.84, -0.12] -
-4 -2 0 2 4

Risk of bias

Figure 7 presents the risk of bias analyses according to the RoB 2.0
tool for the two included randomized control trials. Figure 8 pre-
sents the risk of bias analyses according to the ROBINS-I for the
seven included full-text observational cohort studies. Overall, four
studies were deemed to be at serious risk of bias due to significant
concerns of confounding [12, 32-34]. Five studies were deemed
to have some concerns/moderate risk of bias and one study was
deemed to be at low risk of bias. No included studies were at risk of
bias due to missing data.

Certainty of evidence

The GRADE certainty of evidence summary table is presented in
Table 4. Overall GRADE certainty of evidence was low for anas-
tomotic leak and postoperative GU complication, and very low for
the remaining outcomes. Outcomes were downgraded due to inclu-
sion of high risk of bias studies, inconsistency, indirectness and im-
precision. Variability in the patient populations across studies also

contributed to serious concerns for indirectness with some studies
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Domains:

D2

@ @
@ | ¢

Judgement

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.

Some concerns

. Low

D5: Bias in selection of the reported result.

FIGURE 7 Revised Cochrane risk-of-bias tool for randomized trials (

Study

RoB 2.0) results per individual randomized controlled trial.

Risk of bias domains

2000000
ol Jololf T
o T
LYol Yool
200000®
000000
0000000
ololol Y I lo

Domains: Judgement
D1: Bias due to confounding. )

D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. - Moderate
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low

D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

FIGURE 8 Risk of Bias in Non-randomized Studies of Interventions (ROBINS-1) assessment tool results per individual observational

cohort study.

including a significant portion of patients undergoing colorectal sur-
gery for benign disease. Small pooled sample sizes and wide 95% Cls

led to serious concerns for imprecision.

DISCUSSION

The current systematic review and meta-analysis is the first to pool
previously published data pertaining specifically to the use of pre-
operative enteral immunonutrition in patients undergoing elective
colorectal surgery. The pooled data suggest a 20% non-significant
decrease in relative risk of overall postoperative morbidity, 44%
non-significant decrease in relative risk of anastomotic leaks, 30%
non-significant decrease in relative risk of SSls, 36% non-significant
decrease in relative risk of postoperative GU complication, and a
statistically significant 0.48day shorter postoperative LOS for the
enteral immunonutrition group compared to conventional nutrition.

All point estimates had wide associated 95% Cls crossing the line of
no effect.

The strengths of this study include novelty, rigorous methodol-
ogy, thorough risk of bias analysis, and certainty of evidence evalu-
ation with GRADE. Limitations include reliance on non-randomized
data, residual confounding and between-study heterogeneity. We
were only able to identify two RCTs pertaining to this research
question, while the remainder of the included studies were non-
randomized, heightening the risk of various biases, including resid-
ual confounding. Most included studies did not report data such as
smoking status and receipt of neoadjuvant therapy, amongst other
baseline demographics with the potential to impact postoperative
outcomes [37, 38]. Importantly, between-study heterogeneity im-
pacted the certainty of evidence in our meta-analysed outcomes.
Specifically, differences in type of immunonutrition supplementa-
tion used, duration of use, as well as differences in types of diseases
and operations, increased heterogeneity amongst our observed
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outcomes. We explored this heterogeneity with subgroups based on

study type and risk of bias. Limitations in the greater body of evi-
dence pertaining to the use of preoperative enteral nutrition prior
to elective colorectal surgery include the lack of RCT data and the
possibility of selection bias amongst non-randomized studies.

The molecular constituents of preoperative enteral immuno-
nutrition often encompass omega-3 fatty acids, glutamine and/
or arginine in varying amounts [39]. Omega-3 fatty acids exhibit
anti-inflammatory properties, potentially mitigating surgical stress
responses and reducing complications [40]. This is particularly rel-
evant for colorectal cancer patients in whom tumour-derived cy-
tokines drive systemic inflammation [41]. Glutamine, a critical fuel
for enterocytes and immune cells, aids in preserving gut integrity
and supporting immune function, crucial for optimal recovery [42].
Arginine serves as a precursor for nitric oxide synthesis, facilitating
vasodilation and improving tissue perfusion, thereby contributing to
wound healing [43]. For intestinal tissue in particular, arginine may
significantly improve the host immune response, oxygenation and
micro-perfusion at the time of surgery [44].

In surgical contexts beyond colorectal procedures, preoper-
ative enteral immunonutrition presents a compelling avenue for
enhancing patient outcomes. Studies across diverse surgical pro-
cedures, including but not limited to oesophagectomy, gastrec-
tomy and joint arthroplasty, have suggested potential benefits
associated with perioperative enteral nutrition [45-48]. Mingliang
et al. meta-analysed seven RCTs comparing perioperative enteral
immunonutrition to standard nutrition and found the relative risk
of anastomotic leak to be reduced by 41% with associated confi-
dence intervals crossing the line of no effect (5.4% vs. 9.4%, RR
0.59, 95% Cl 0.33-1.04, P=0.07) [46]. Cheng et al. meta-analysed
seven RCTs in patients undergoing gastrectomy for gastric cancer,
assessing clinical outcomes (i.e., overall postoperative morbidity)
and biochemical outcomes (i.e., CD4, CD8 and immunoglobulin
levels), finding significant improvements in both with the use of
perioperative enteral immunonutrition [45]. Still, further guidance
on the optimal preoperative nutrition regimen for patients under-
going colorectal surgery is essential for the development of clearer
ERAS guidelines. Immunonutrition may play a role in this optimal
preoperative regimen and may offer clinical benefits; however, the
ideal immunonutrition formula and regimen remains understudied.
Current immunonutrition strategies vary widely, and individual nu-
tritional needs often differ, complicating the identification of the
optimal approach for each clinical scenario. Substantial work is
necessary prior to the formal integration of immunonutrition within
future colorectal ERAS protocols.

Overall, enteral immunonutrition prior to elective colorectal
surgery may decrease the risk of overall postoperative morbidity,
as well as specific postoperative complications such as anastomotic
leak, SSI, postoperative GU complication and postoperative respira-
tory complication. While point estimates associated with these out-
comes suggest a potential important benefit, the wide associated
95% Cls and resultant risk of type Il error creates uncertainty sur-
rounding their potential benefit in this setting. A large, high-quality

RCT evaluating preoperative enteral immunonutrition in patients
undergoing elective colorectal surgery is required to resolve this

uncertainty.
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