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Objective: To clarify whether perioperative immunonutrition is effective
in adult patients with or without malnutrition undergoing elective sur-
gery for head and neck (HAN) or gastrointestinal (GI) cancers.
Background: It is important to avoid postoperative complications in
patients with cancer as they can compromise clinical outcomes. There is no
consensus on the efficacy of perioperative immunonutrition in patients
with or without malnutrition undergoing HAN or GI cancer surgery.
Materials and Methods: We searched MEDLINE (PubMed), MED-
LINE (OVID), EMBASE, Cochrane Central Register of Controlled
Trials, Web of Science Core Selection, and Emcare from 1981 to 2022
using search terms related to immunonutrition and HAN or GI cancer.

We included randomized controlled trials. Intervention was defined as
immunonutritional therapy including arginine, n-3 omega fatty acids, or
glutamine during the perioperative period. The control was defined as
standard nutritional therapy. The primary outcomes were total post-
operative and infectious complications, defined as events with a Clavien–
Dindo classification grade ≥ II that occurred within 30 days after
surgery.
Results: Of the 4825 patients from 48 included studies, 19 had upper GI
cancer, 9 had lower, and 8 had mixed cancer, whereas 12 had HAN
cancers. Immunonutrition reduced the total postoperative complications
(relative risk ratio: 0.78; 95% CI, 0.66–0.93; certainty of evidence: high)
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and infectious complications (relative risk ratio: 0.71; 95% CI, 0.61–0.82;
certainty of evidence: high) compared with standard nutritional therapy.
Conclusions: Nutritional intervention with perioperative immunonu-
trition in patients with HAN and GI cancers significantly reduced total
postoperative complications and infectious complications.

Key Words: gastrointestinal cancer, head and neck cancer, immunonu-
trition, nutritional intervention, perioperative nutrition

(Ann Surg 2024;279:419–428)

S urgical resection is a primary treatment for patients with
cancer, and preoperative malnutrition is a risk factor for

postoperative complications.1,2 Worsened nutritional status is
common in patients with gastrointestinal (GI) cancers, ranging
from 20% to 70%, depending on the cancer type and stage.3

Similarly, the prevalence of malnutrition in patients with head and
neck (HAN) cancer is ranging from 28.6% to 67%.4 Malnutrition
affects the immune response and tissue healing.3 In addition,
catabolic reactions because of surgical invasion cause depletion of
essential nutrients, leading to immune response dysregulation and
risk of infectious complications.1,3 Hence, nutritional inter-
ventions to reduce preoperative malnutrition are necessary to
decrease infectious and total postoperative complications.

There is no consensus on the efficacy of immunonutrition
in patients undergoing elective surgery with or without malnu-
trition. Immunonutrition therapy containing either arginine, n-3
omega fatty acids or glutamine intended for immunomodulation
has been developed and used clinically to reduce the risk of
infectious and total postoperative complications, and shorten
hospitalization.5 Immunonutrition improves malnutrition and
modulates the postoperative inflammatory response, reducing
immunosuppression caused by inflammatory cytokines.6 How-
ever, its efficacy and the optimal timing, duration, and recipient
are clinically unresolved, especially in HAN and GI cancer
surgeries. Therefore, we planned a systematic review and meta-
analysis of perioperative immunonutrition in patients with HAN
and GI cancers.

This study aimed to clarify the effectiveness of perioper-
ative immunonutrition in adult patients undergoing elective
surgery for HAN or GI cancer. We also investigated whether the
recommendations for patients who are malnourished differed
from those who are not malnourished. We hypothesized that
perioperative immunonutrition reduces infectious complications
in patients with and without malnourishment.

METHODS
We conducted a systematic review of the relevant liter-

ature in accordance with the Cochrane Handbook, Preferred
Reporting Items for Systematic Reviews and Meta-Analysis
2020 guidelines (PRISMA-2020; Appendix 1, Supplemental
Digital Content 1, http://links.lww.com/SLA/E888), and the
Minds Manual for Guideline Development 2020.7–9 The proto-
col was published in PROSPERO (CRD 42022376400).

Eligibility Criteria and Study Selection
We included randomized controlled trials (RCTs) of

patients aged over 18 years who underwent elective HAN or
GI cancer surgery with perioperative immunonutrition. Inter-
vention was defined as perioperative immunonutritional ther-
apy, including arginine, n-3 omega fatty acids, or glutamine
given preoperatively, postoperatively, or both. The control was

defined as standard nutritional therapy. We excluded studies in
which more than 25% of patients had benign disease or cancer
at other sites, review articles, case reports, crossover trials, and
cluster-randomized, quasirandomized, and nonrandomized
trials.

Search Strategy
Appendix 2 (Supplemental Digital Content 2, http://links.

lww.com/SLA/E889) provides the search formulae. We searched
MEDLINE (PubMed), MEDLINE (OVID), Embase (OVID),
Cochrane Central Register of Controlled Trials (CENTRAL),
Web of Science Core Selection, and Emcare (OVID). The period
covered by the RCT was 1981–2022.

Study Selection and Data Collection
Two independent reviewers screened the titles and

abstracts, assessing their eligibility based on the full texts. The
same reviewers performed independent data extraction from the
included studies using a standardized data collection form.
Reviewer disagreements were resolved through discussion, or
with a mediating third reviewer. The original authors were
contacted for missing data.

Risk-of-bias Assessment
Two of the 3 researchers carried out risk-of-bias (ROB)

assessments using the Cochrane Collaboration ROB tool that
has 5 domains: randomization, deviation from intervention,
missing data, measurement of outcome, and selective reporting.7

The ratings “high risk,” “some concerns,” and “low risk” were
assigned to each domain and overall. Disagreement resolution
was as in 2.3.

Outcomes
The primary outcomes were the total postoperative and

infectious complications. Secondary outcomes were non-
infectious complications, postoperative mortality, severe com-
plications, anastomotic leakage, postoperative pneumonia,
nutritional intervention adverse events, and postoperative hos-
pitalization. Postoperative complications were defined as events
with a Clavien–Dindo (CD) classification grade of ≥II that
occurred within 30 days after surgery. Severe complications were
defined as those with a CD grade of ≥III.

Synthesis of Results
We pooled the relative risk ratios (RRs) and 95% CIs for

postoperative complications, postoperative mortality, and
nutritional intervention adverse events, and the mean differences
(MDs) and 95% CIs for postoperative hospitalization in patients
with HAN or GI cancer. An intention-to-treat analysis was
performed for dichotomous data where possible. We used
Review Manager software 5.4.2 and performed meta-analyses
with a random-effects model assuming that the true effect would
be low owing to many unmeasured or unknown factors and
individual differences between studies in accordance with the
Cochrane Handbook.7

Statistical heterogeneity was evaluated by visually inspecting
forest plots and calculating the I2 statistic (I2 values of 0%–40%,
may not be important; 30%–60%, may represent moderate heter-
ogeneity; 50%–90%, may represent substantial heterogeneity;
75%–100%, considerable heterogeneity).7 When there was sub-
stantial heterogeneity (I2 > 50%), we assessed the reason.

To elucidate the influence of effect modifiers, subgroup
analyses according to malnutrition status (with or without mal-
nutrition), intervention timing (preoperative, postoperative, or
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perioperative), cancer site (HAN or GI), duration of pre-
operative administration (< 7 days or ≥7 days), duration of
postoperative administration (< 7 days or ≥7 days), and differ-
ence in ingredient (arginine absent or arginine present, 3 ingre-
dient or 1- or 2-ingredient) were performed when sufficient data
were available. We also performed a sensitivity analysis for the
frequency of malnourishment (>50% or >75%). In one of these
analyses, studies using imputed statistics were excluded, whereas
the other included only participants who completed the study
with complete data.7 Potential publication bias was assessed by
visual inspection of the funnel plots for outcomes in more than
10 studies.7

Certainty Assessment
Based on the Cochrane handbook,7 we summarized the

findings for total postoperative complications, infectious com-
plications, noninfectious complications, postoperative mortality,
severe complications, anastomotic leakage, postoperative pneu-
monia, nutritional intervention adverse events, and post-
operative hospitalization. The summary included grading of
certainty of evidence (COE) according to the Grading of Rec-
ommendations Assessment, Development, and Evaluation
(GRADE) approach.10 We started with “high” COE.10 If there
were any serious concerns in any domain, we lowered the grade
from “high” COE. The effect estimates displayed in the Sum-
mary of Findings table were created using RRs and MD. To
determine the inconsistency domain of the GRADE ratings, we
examined the consistency of the RR and MD.

RESULTS

Study Selection
The PRISMA flowchart is shown in Figure 1. A total of

953 records were searched on January 3, 2022. After screening,
48 studies (4825 patients) were included in the qualitative
synthesis,11–58 and in the quantitative synthesis .11–58 No
unpublished data or ongoing studies were identified. Appendix 3
(Supplemental Digital Content 3, http://links.lww.com/SLA/
E890) presents the characteristics of the studies excluded from
the qualitative and quantitative syntheses. The reasons for
exclusion were incorrect population (n= 13), incorrect control
(n= 4), protocol without results (n= 1), insufficient outcome data
(n= 9), duplicate records (n= 2), and other reasons (n= 16).

Study and Patient Characteristics
Appendix 4 (Supplemental Digital Content 4, http://links.lww.

com/SLA/E891) summarizes the characteristics of the 48 studies
included in the quantitative synthesis. Of these studies, 19 were for
upper GI cancer,12–16,18–20,24,26,27,30,38,45,46,51,52,56,57 9 were for lower
GI,11,21,22,34,35,40,44,48,55 8 were for mixed GI,28,32,36,37,39,43,47,49 and 12
were for HAN cancer.17,23,25,29,31,33,41,42,50,53,54,58 Regarding the
nutritional intervention timing, 8 studies were conducted
preoperatively,11,18,26,30,32,35,36,49 18 were postoperatively,16,19,24,25,28,
29,33,34,37–39,41,42,44,45,47,52,58 and 22 were preoperatively and
postoperatively.12–15,17,20–23,27,31,40,43,46,48,50,51,53–57 We did not find
any literature including only patients with malnutrition. Table 1
summarizes the findings using the GRADE approach.

Risk-of-Bias
Supplementary Figure 1 (Supplemental Digital Content 5,

http://links.lww.com/SLA/E892) summarizes the ROB in the
included studies. Regarding postoperative complications, there
was a low ROB for incomplete outcome data and selective

reporting and a low ROB or “some concerns” for random
sequence generation and allocation concealment. The ROB for
the participant and personnel blinding and outcome assessment
were low, “some concerns” or high, respectively.

Meta-analysis Results

Total Postoperative Complications
Twenty-four studies reported the total postoperative

complications.11,12,15–17,20,22,25–27,31,33–40,42–44,55,56 Immunonu-
trition reduces total postoperative complications compared with
standard nutritional therapy (RR: 0.78; 95% CI, 0.66–0.93;
I2= 48%; n= 24; COE, high; Fig. 2A).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.33; Supplemental Figure 2a, Supplemental Digital Con-
tent 6, http://links.lww.com/SLA/E893), cancer site (P= 0.43;
Supplemental Figure 2b, Supplemental Digital Content 6, http://
links.lww.com/SLA/E893), duration of preoperative admin-
istration (P= 0.40; Supplemental Figure 2c, Supplemental Dig-
ital Content 6, http://links.lww.com/SLA/E893), or duration of
postoperative administration (P= 0.73; Supplemental Figure 2d,
Supplemental Digital Content 6, http://links.lww.com/SLA/
E893). Subgroup analysis for ingredient difference showed sig-
nificantly fewer complications in the group with arginine com-
pared with the group without arginine (P= 0.03; Supplemental
Figure 2e, Supplemental Digital Content 6, http://links.lww.com/
SLA/E893), and fewer complications in the 3 ingredients group
compared with the 1-gradient or 2-ingredient group (P= 0.05;
Supplemental Figure 2f, Supplemental Digital Content 6, http://
links.lww.com/SLA/E893).

Infectious Complications
Forty-one studies reported infectious complications.11–18,

20,22–44,46,48–50,52–55,58 Immunonutrition reduces infectious com-
plications compared with standard nutritional therapy (RR:
0.71; 95% CI, 0.61–0.82; I2= 41%; n= 41; COE, high; Fig. 2B).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.81; Supplemental Figure 3a, Supplemental Digital Con-
tent 7, http://links.lww.com/SLA/E894), cancer site (P= 0.11;
Supplemental Figure 3b, Supplemental Digital Content 7, http://
links.lww.com/SLA/E894), duration of preoperative admin-
istration (P= 0.63; Supplemental Figure 3c, Supplemental Dig-
ital Content 7, http://links.lww.com/SLA/E894), duration of
postoperative administration (P= 0.68; Supplemental Figure 3d,
Supplemental Digital Content 7, http://links.lww.com/SLA/
E894), arginine (P= 0.08; Supplemental Figure 3e, Supple-
mental Digital Content 7, http://links.lww.com/SLA/E894), or
number of ingredients (P= 0.10; Supplemental Figure 3f, Sup-
plemental Digital Content 7, http://links.lww.com/SLA/E894).

Noninfectious Complications
Twenty-four studies reported noninfectious complica-

tions.11–15,20,22,26,32–40,42–44,46,48,52,55 Immunonutrition is unlikely
to reduce noninfectious complications compared with standard
nutritional therapy (RR: 0.96; 95% CI, 0.84–1.09; I2= 0%;
n= 24; COE, moderate; Fig. 2C).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.09; Supplemental Figure 4a, Supplemental Digital Con-
tent 8, http://links.lww.com/SLA/E895), cancer site (P= 0.33;
Supplemental Figure 4b, Supplemental Digital Content 8,
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http://links.lww.com/SLA/E895), duration of preoperative
administration (P= 0.57; Supplemental Figure 4c, Supplemental
Digital Content 8, http://links.lww.com/SLA/E895), or duration
of postoperative administration (P= 0.70; Supplemental
Figure 4d, Supplemental Digital Content 8, http://links.lww.
com/SLA/E895). Subgroup analysis for ingredient difference
showed fewer complications in the group with arginine com-
pared with the group without arginine (P= 0.06; Supplemental
Figure 4e, Supplemental Digital Content 8, http://links.lww.com/
SLA/E895), and fewer complications in the 3 ingredients group
compared with the 1-gradient or 2-ingredient group (P= 0.12;
Supplemental Figure 4f, Supplemental Digital Content 8, http://
links.lww.com/SLA/E895).

Mortality
Twenty-seven studies reported mortality rates.12–14,16,19,20,

22,24–27,34–41,45–47,50,52,55–57 Immunonutrition is unlikely to reduce
mortality compared with standard nutritional therapy (RR: 0.92;
95% CI, 0.55–1.56; I2=0%; n= 27; COE, moderate; Fig. 2D).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.90; Supplemental Figure 5a, Supplemental Digital
Content 9, http://links.lww.com/SLA/E896), cancer site
(P= 0.21; Supplemental Figure 5b, Supplemental Digital
Content 9, http://links.lww.com/SLA/E896), duration of pre-
operative administration (P= 0.32; Supplemental Figure 5c,

Supplemental Digital Content 9, http://links.lww.com/SLA/
E896), duration of postoperative administration (P= 0.11;
Supplemental Figure 5d, Supplemental Digital Content 9,
http://links.lww.com/SLA/E896), arginine (P= 0.93; Supple-
mental Figure 5e, Supplemental Digital Content 9, http://links.
lww.com/SLA/E896), or number of ingredients (P= 0.93;
Supplemental Figure 5f, Supplemental Digital Content 9,
http://links.lww.com/SLA/E896).

Severe Complications
Seven studies reported severe complications.12,17,20,22,55,56

Immunonutrition is unlikely to reduce severe complications
compared with standard nutritional therapy (RR: 1.08; 95% CI,
0.76–1.53; I2= 0%; n= 7; COE, moderate; Fig. 2E).

The subgroup analysis showed no efficacy differences
between the groups according to the duration of preoperative
administration (P= 0.82; Supplemental Figure 6a, Supple-
mental Digital Content 10, http://links.lww.com/SLA/E897),
arginine (P= 0.91; Supplemental Figure 6b, Supplemental
Digital Content 10, http://links.lww.com/SLA/E897), or num-
ber of ingredients (P= 0.91; Supplemental Figure 6c, Supple-
mental Digital Content 10, http://links.lww.com/SLA/E897).
Subgroup analyses were not performed because of the paucity
of studies, including the intervention timing, cancer site,
malnourished patients, and duration of postoperative
administration.

FIGURE 1. PRISMA 2020 flow diagram of this study. PRISMA 2020 indicates Preferred Reporting Items for Systematic Reviews and
Meta-Analysis 2020.
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Anastomotic Leakage
Twenty-nine studies reported anastomotic leakages.11–14,18–20,

22,24,26,27,29,31,33–35,37–41,43,46,51–53,55–57 Immunonutrition reduces
anastomotic leakage compared with standard nutritional therapy
(RR: 0.70; 95% CI, 0.53–0.91; I2=0%; n=29; COE, high; Fig. 2F).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.77; Supplemental Figure 7a, Supplemental Digital Con-
tent 11, http://links.lww.com/SLA/E898), cancer site (P= 0.49;
Supplemental Figure 7b, Supplemental Digital Content 11,
http://links.lww.com/SLA/E898), duration of preoperative
administration (P= 0.69; Supplemental Figure 7c, Supplemental
Digital Content 11, http://links.lww.com/SLA/E898), arginine
(P= 0.39; Supplemental Figure 7d, Supplemental Digital Con-
tent 11, http://links.lww.com/SLA/E898), or number of ingre-
dients (P= 0.44; Supplemental Figure 7e, Supplemental Digital
Content 11, http://links.lww.com/SLA/E898). Subgroup analysis
for duration of preoperative administration was not performed
due to the paucity of studies.

Postoperative Pneumonia
Thirty studies reported on postoperative

pneumonia.11–14,16,18–20,22,24,26–28,30,32,34,35,37–39,42–44,46,51,52,54–57

Immunonutrition is unlikely to reduce postoperative pneumonia
compared with standard nutritional therapy (RR: 0.92; 95% CI,
0.75–1.14; I2= 0%; n= 30; COE, moderate; Fig. 2G).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.91; Supplemental Figure 8a, Supplemental Digital Con-
tent 12, http://links.lww.com/SLA/E899), cancer site (P= 0.29;
Supplemental Figure 8b, Supplemental Digital Content 12,
http://links.lww.com/SLA/E899), duration of preoperative
administration (P= 0.82; Supplemental Figure 8c, Supplemental
Digital Content 12, http://links.lww.com/SLA/E899), duration of
postoperative administration (P= 0.73; Supplemental Figure 8d,
Supplemental Digital Content 12, http://links.lww.com/SLA/
E899), arginine (P= 0.79; Supplemental Figure 8e, Supple-
mental Digital Content 12, http://links.lww.com/SLA/E899), or
number of ingredients (P= 0.86; Supplemental Figure 8f, Sup-
plemental Digital Content 12, http://links.lww.com/SLA/E899).

Nutritional Intervention Adverse Events
Fifteen studies reported nutritional intervention adverse

events.12,15,17,18,38,40,42,43,47,52–55,57,58 Immunonutrition is
unlikely to increase nutritional intervention adverse events
compared with standard nutritional therapy (RR: 0.88; 95% CI,
0.72–1.07; I2= 26%; n= 15; COE, moderate; Fig. 2H).

The subgroup analysis showed no efficacy differences
between the groups according to the intervention timing
(P= 0.86; Supplemental Figure 9a, Supplemental Digital Con-
tent 13, http://links.lww.com/SLA/E900), cancer site (P= 0.51;
Supplemental Figure 9b, Supplemental Digital Content 13,
http://links.lww.com/SLA/E900), duration of preoperative
administration (P= 0.15; Supplemental Figure 9c, Supplemental
Digital Content 13, http://links.lww.com/SLA/E900), arginine
(P= 0.44; Supplemental Figure 9d, Supplemental Digital Con-
tent 13, http://links.lww.com/SLA/E900), or number of ingre-
dients (P= 0.73; Supplemental Figure 9e, Supplemental Digital
Content 13, http://links.lww.com/SLA/E900). Subgroup analysis
for duration of preoperative administration was not performed
due to the paucity of studies.TA
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Postoperative Hospital Stays
Thirty-seven studies reported postoperative

hospitalization.11–15,18,19,22,24–30,32–41,43,44,46,49–56,58 Immunonu-
trition reduces postoperative hospitalization compared with
standard nutritional therapy (MD: −1.52; 95% CI, −2.14 to
−0.90; I2= 60%; n= 37; COE, high; Fig. 2I).

In the subgroup analysis, postoperative hospitalization was
reduced for postoperative, or preoperative plus postoperative
administration (P= 0.002; Supplemental Figure 10a, Supple-
mental Digital Content 14, http://links.lww.com/SLA/E901).
There were no efficacy differences between the groups according
to the cancer site (P= 0.06; Supplemental Figure 10b, Supple-
mental Digital Content 14, http://links.lww.com/SLA/E901),

FIGURE 2. A, Forest plot of total post-
operative complications. B, Forest plot of
infectious complications. C, Forest plot of
noninfectious complications. D, Forest
plot of mortality. E, Forest plot of severe
complications. F, Forest plot of anasto-
motic leakage. G, Forest plot of post-
operative pneumonia. H, Forest plot of
nutritional intervention adverse events. I,
Forest plot of postoperative hospital stay.
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duration of preoperative administration (P= 0.24; Supplemental
Figure 10c, Supplemental Digital Content 14, http://links.lww.
com/SLA/E901), or duration of postoperative administration
(P= 0.65; Supplemental Figure 10d, Supplemental Digital
Content 14, http://links.lww.com/SLA/E901). Subgroup analysis
for ingredient difference showed significantly fewer complica-
tions in the group with arginine compared with the group
without arginine (P= 0.04; Supplemental Figure 10e, Supple-
mental Digital Content 14, http://links.lww.com/SLA/E901), and
fewer complications in the 3 ingredients group compared with
the 1-ingredient or 2-ingredient group (P= 0.04; Supplemental
Figure 10f, Supplemental Digital Content 14, http://links.lww.
com/SLA/E901).

Additional Analysis
Subgroup and sensitivity analysis were not performed

because of the paucity of studies that included patients with
malnourishment. Funnel plots were visualized as symmetrical,
indicating minimal publication bias in the reporting of total
postoperative complications (Supplemental Figure 11a, Supple-
mental Digital Content 15, http://links.lww.com/SLA/E902),
infectious complications (Supplemental Figure 11b, Supple-
mental Digital Content 15, http://links.lww.com/SLA/E902),
noninfectious complications (Supplemental Figure 11c, Supple-
mental Digital Content 15, http://links.lww.com/SLA/E902),
mortality (Supplemental Figure 11d, Supplemental Digital
Content 15, http://links.lww.com/SLA/E902), anastomotic leak-
age (Supplemental Figure 11e, Supplemental Digital Content 15,
http://links.lww.com/SLA/E902), postoperative pneumonia
(Supplemental Figure 11f, Supplemental Digital Content 15,
http://links.lww.com/SLA/E902), nutritional intervention
adverse events (Supplemental Figure 11g, Supplemental Digital
Content 15, http://links.lww.com/SLA/E902), and postoperative
hospitalization (Supplemental Figure 11h, Supplemental Digital
Content 15, http://links.lww.com/SLA/E902). For severe com-
plications, funnel plots were not prepared because there were less
than 10 references, as per the Cochrane Handbook.7

DISCUSSION
The results of the present systematic review and meta-

analysis of 48 studies and 4825 patients revealed that immuno-
nutrition probably reduces total postoperative complications in
adult patients undergoing elective surgery for HAN or GI can-
cers. Immunonutrition probably reduces the rates of infectious
complications, anastomotic leakage, and the length of post-
operative hospitalization. However, immunonutrition is unlikely
to reduce the rate of noninfectious complications, postoperative
mortality, severe complications, and postoperative pneumonia.
Compared with standard nutrition, immunonutrition is unlikely
to increase nutritional intervention adverse events. We did not
perform sensitivity analysis because of the paucity of studies that
included patients with malnourishment. Subgroup analysis
showed shorter hospitalization with postoperative admin-
istration of immunonutrition but no difference in postoperative
complications. Subgroup analysis for ingredient difference
showed significantly fewer total complications and shorter hos-
pitalization in the group with arginine compared with the group
without arginine, and in the 3 ingredients group compared with
the 1-ingredient or 2-ingredient group. This important study
shows that compared to standard nutritional therapy, nutritional
intervention with immunonutrition can reduce postoperative
complications, especially infectious complications, without
increasing nutrition-related adverse events.

The interpretation of this study’s results is that immuno-
nutrition for HAN and GI cancer administered mainly in the
postoperative period reduces postoperative complications and
postoperative hospitalization without increasing nutritional
intervention adverse events; however, there is no difference in
postoperative mortality. The results should be applied in routine
clinical practice for cancer types with common postoperative
complications.

The mechanisms by which immunonutrition improves
postoperative outcomes include improved nutritional status for
malnutrition and resistance to infection by modulating immune
function. Surgical stress from highly invasive surgery produces
high postoperative inflammation, which leads to immunodefi-
ciency, but immunonutrition has the effect of suppressing
excessive inflammation.6 One study reported that preoperative
immunonutrition suppressed inflammatory cytokines after pan-
creaticoduodenectomy, which may be responsible for the
decrease in postoperative complications.59 Another study
reported that postoperative administration of immunonutrition
resulted in lower postoperative C-reactive protein.39 These
results suggest that preoperative and postoperative admin-
istration may reduce inflammation. It also plays the role of
immunostimulation against inflammation after surgical invasion
or trauma, which causes immunosuppression and lowers resist-
ance to infection.3 The former should be used preoperatively as
modulating and the latter postoperatively as stimulating. In this
study, subgroup analysis showed immunonutrition with arginine
and containing 3 ingredients was more effective in preventing
postoperative complications and reducing hospital stay. The
shorter hospitalization with post-operative administration is
consistent with an effective immunostimulatory effect of argi-
nine. These may have different results depending on the degree
of surgical invasiveness and the extent of resection.

There was no consensus on the impact of immunonu-
trition on postoperative outcomes because different results have
been reported; however, this may be due to the different numbers
of studies included in the meta-analysis (Appendix 5, Supple-
mental Digital Content 16, http://links.lww.com/SLA/E903).
Meta-analyses by Mingliang et al60 and Zhuo et al61 for
esophageal cancer reported that immunonutrition did not
improve postoperative outcomes. On the other hand, Howes
et al62 meta-analyzed 19 RCTs of HAN cancer and reported a
decrease in fistula formation (RR 0.48; 95% CI, 0.27–0.85). Song
et al63 meta-analyzed 11 RCTs in gastric cancer patients and
reported a reduction in infectious complications [odds ratio
(OR): 0.56; 95% CI, 0.36–0.86], and Xu et al64 in 9 RCTs in
colorectal cancer reported a reduction in infectious complica-
tions (OR: 0. 33; 95% CI, 0.21–0.53). Despite this clinically
meaningful difference, the lack of statistical significance because
of the small study numbers is problematic. In this study, the
Cochrane team developed a search formula and the guideline
members meta-analyzed 48 RCTs. It has the strength of sum-
marizing a much larger number of studies compared with pre-
vious reports and showing a possible reduction in infectious
complications. In contrast, there was no reduction in non-
infectious complications, which is consistent with the results of
previous studies.63,65

We were unable to perform subgroup or sensitivity anal-
yses based on the percentage of malnutrition because of the
paucity of studies that included more than 50% patients with
malnutrition. Riso et al42 compared postoperative outcomes in
patients with malnutrition in HAN cancer and reported no
severe complications in the immunonutrition group. Immuno-
modulation by administration of immunonutrition may be
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necessary in patients with malnutrition because of the possibility
of immune impairment, but this was not evident in this study.
Further studies on patients with malnutrition are required.

Subgroup analysis by the timing of immunonutrition
administration showed a significant difference in postoperative
hospitalization for postoperative administration, but few other
outcomes. Osland et al66 reported that perioperative and post-
operative dosing in patients with GI cancer can reduce post-
operative complications. Tian et al67 reported that postoperative
administration in patients with esophageal cancer is associated
with better control of infectious complications and postoperative
pneumonia. In a meta-analysis of patients who underwent pan-
creaticoduodenectomy, Wang et al68 reported that combined
preoperative and postoperative administration was most effec-
tive. Pancreaticoduodenectomy is one of the most invasive sur-
gical procedures, and the effect of timing of administration may
vary with surgical invasiveness. In other words, preoperative
administration is effective in reducing complications when
immunosuppression occurs because of postoperative inflamma-
tion from highly invasive surgery; however, preoperative
administration may not be necessary for less invasive surgery.
Although the subgroup analysis in this study did not show
statistically significant differences, the forest plot showed a
clinical difference with fewer complications after postoperative
administration. In the present systematic review, postoperative
administration may have been effective because the patients had
cancers that are not highly invasive.

This study found no difference in the effect of preoperative
and postoperative immunonutrition by duration of nutritional
intervention. Most trials administered within 7 days pre-
operatively or postoperatively were administered for 5 days.
Therefore, subgroup analysis implies that postoperative compli-
cations do not differ between 5 and 7 days or more. Also, many
studies on the postoperative administration of immunonutrition
have used the step-up method, with gradual dose increases. This
management is in line with the recovery of intestinal peristalsis and
is consistent with the concept of “permissive underfeeding” with
slow advancement, in which nutritional doses are purposely low-
ered during the extreme phase of inflammation.69 This may be
explained by enhanced autophagy and reduced hyperglycemia.
However, few RCTs have calculated the postoperative nutritional
dosage based on indirect calorimetry or other methods, and it is
questionable whether the dosage varies with the magnitude of
invasiveness. Therefore, further studies on the relationship
between dosage and postoperative outcomes are required.

This study had several limitations. First, there are few
RCTs in patients with malnutrition and further studies are
required. Second, the mechanism by which immunonutrition
may improve postoperative outcomes in HAN and GI cancers
remains unclear. One hypothesis is that it suppresses post-
operative inflammation and has an immunostimulatory effect on
postoperative immunosuppression. However, further studies are
required. Third, the optimal immunonutritional dose remains
unknown. Further RCTs with different dosage designs are
required. Despite these limitations, the meta-analysis includes
large numbers of RCTs, which addresses the problem of pre-
vious meta-analyses that were unable to show statistical differ-
ences despite clinical differences owing to the small number of
RCTs. Our findings have several significant clinical implications.

CONCLUSIONS
Nutritional intervention with perioperative immunonu-

trition in patients with HAN and GI cancer without

malnutrition significantly reduced total and infectious post-
operative complications without increasing nutritional inter-
vention adverse events. Immunonutrition with arginine and
containing 3 ingredients was more effective in preventing total
postoperative complications and reducing hospitalization. Fur-
ther studies with different dosage designs are required in patients
with malnutrition.
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