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Abstract
Purpose Immunonutrition has been used to prevent the complications after colorectal elective surgery. This systematic review
aimed to analyze and assess the effect of immunonutrition on colorectal cancer patients who received elective surgery.
Methods Three electronic databases (Medline, Embase, Cochrane) were used to search the latent studies which investigated the
effects of enteral immunonutrition (EIN) compared with standard enteral nutrition (EN) or parenteral immunonutrition (PIN)
compared with standard parenteral nutrition (PN) on colorectal cancer patients who are undergoing surgery until 21st of April,
2017. Meta-analysis was conducted to calculate odd risk (OR), mean difference (MD), or standard mean difference (SMD) with
95% confidence interval (CI), and heterogeneity was tested by Q test.
Results Nine publications were included. The meta-analysis results presented that EIN improved the length of hospital stay
(pooled MD, 2.53; 95% CI, 1.29–3.41), infectious complications (pooled OR, 0.33; 95% CI, 0.21–0.53) which contains the
Surgical Site Infections (pooled OR, 0.25; 95% CI, 0.22–0.58) and Superficial/Deep incisional infections (pooled OR, 0.27; 95%
CI, 0.12–0.64); meanwhile, PIN improved the length of hospital stay (pooled MD, 2.66; 95% CI, 0.62–4.76), IL-6 (pooled MD,
− 6.09; 95% CI, − 10.11 to − 2.07), CD3 (pooled MD, 7.50; 95% CI, 3.57–11.43), CD4 (pooled MD, 5.47; 95% CI, 2.54–8.40),
and CD4/CD8 (pooled MD, 0.50; 95% CI, 0.22–0.78); the level of CD8 was lower (pooled MD, − 4.32; 95% CI, − 7.09 to −
1.55) in PIN.
Conclusion Immunonutrition could be an effective approach to enhance the immune function of colorectal cancer patients
undergoing elective surgery and to improve the clinical and laboratory outcomes.
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Introduction

Colorectal cancer is one of the most commonly diagnosed
cancers in the world [1]. Although early colorectal cancer
patients could be treated successfully by surgery, major oper-
ation itself possibly cause the dysfunction of the host

homeostasis, defense mechanisms and inflammatory re-
sponse, which would increase the rate of postoperative com-
plications and prolong hospital stay [2, 3]. As nutritional sta-
tus being a key factor to influence the clinical outcomes, nu-
trition support has been widely used for elective colorectal
surgery patients. Recently, many researchers argued that
immunonutritional formulas supplemented with biologically
active nutrients were more effective than standard nutrition
intervention in improving inflammation, promoting the
wound healing and shortening the length of hospital stay
(LOS) after operation.

The nutrients of immunonutrition formula usually include
arginine, omega-3 fatty acid, glutamine and RNA, etc.
Omega-3 fatty acid could reduce the platelet-adhesive endo-
thelial interactions and the synthesis of proinflammatory ei-
cosanoids, while it could stimulate the produce of glutathione
which can decrease oxidative injury [4–6]. Arginine is the sole
substrate for nitric oxide (NO) synthesis, which is a crucial
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element of innate antimicrobial immunity in the host’s first
line of defense [7]. It also plays an important role in maintain-
ing the physiological balance of gastrointestinal tract [8] and
regulating the metabolism of many kinds of lymphocyte [9].
Glutamine, as the major fuel source for macrophages, lym-
phocytes, and enterocytes, could increase the level of gut mu-
cosal glutathione, thereby reduce free radical availability, and
decrease inflammation [10, 11]. The protective effect of glu-
tamine on intestinal mucosa might be attributed to the induc-
tion of heat shock protein (HSP) synthesis. Enhanced expres-
sion of HSPs (in particular HSP70) has been shown to be
responsible for glutamine-mediated cellular protection after
inflammatory cytokine-induced cellular injury [12–14].
Deficiency of glutamine may lead to impaired immune func-
tion and dysfunction of intestinal epithelium [15].

Although immunonutrition has been used in clinics for
more than 20 years, the findings have not been uniform in
all reports nor conclusive. For example, one literature ap-
proved to use immunonutrition to patients undergoing major
surgery regardless of their baseline nutritional status [16],
while two literatures suggested that immunomodulating diets
have no quantifiable efficacy in well-nourished patients [17,
18]. Senkal et al. [19] revealed a significant reduction of com-
plications receiving immunonutrition on day 3, while Lobo
et al. [20] revealed that enteral immunonutrition formula had
no advantage over traditional EN formula.

To date, meta-analysis has focused on immunonutrition with
digestive system cancer and upper gastrointestinal surgery pa-
tients [21, 22], but pooled results about immunonutrition on
colorectal cancer patients are still lacking. This systematic re-
view and meta-analysis were done to evaluate whether
immunonutrition could be beneficial to colorectal cancer pa-
tients, and the conclusion will provide a higher level evidence
regarding usage of immunonutrition on colorectal cancer pa-
tients undergoing surgery.

Methods

Search strategy

The meta-analysis was performed in accordance with the
PRISMA guidelines. This systematic review was registered
with the International Prospective Register of Systematic
Review (PROSPERO), and the registration number is
CRD42016049748. Potential studies were searched on
Medline (via PubMed), Embase (via OVID), and Cochrane
Central Register of Controlled Trials (CENTRAL) from in-
ception to April 2017. The terms and keywords were as fol-
lows: (Bcolon/rectal/colorectal neoplasms^) OR (Bcolon/rec-
tal/colorectal cancer^) OR (Bcolon/rectal/colorectal
adenomas^) AND (Bnutritional support^) OR (Bnutrition^)
OR (Bnutr i t ional sciences^) OR (Barginine^) OR

(Bglutamine^) OR (Bomega-3 fatty acid^) OR (BRNA^)
AND (Bparenteral nutrition^) OR (Benteral nutrition^) OR
(Bimmunonutrition^). Appropriate Medical Subject Heading
(MeSH) terms were combined in the search builder. The re-
sults were imported into the management software Endnote
X7 to extract data and delete duplicate references.

Study selection

The inclusion criteria for this study were as follows: (i) studies
designed as randomized controlled trials (RCTs), (ii) patients
with colorectal neoplasms who received surgery, (iii) interven-
tion of trials was EN vs EIN; PN vs PIN, (iv) both EIN and
PIN included at least one of the following nutrients: Arginine,
Glutamine, Omega-3 fatty acid.

Studies beyond the inclusion criteria or originally pub-
lished in language other than English or Chinese were
excluded.

Data extraction and quality assessment

The information and data in all eligible studies were extracted:
basic characteristics of each study (first author, publication
year, country, sample size, age of the participants), study de-
sign (elements in immunonutrition formula, nutritional sup-
port duration, approach of the nutritional support), and out-
comes of interest (clinical outcomes, immune and biochemical
indices).

The quality of included investigations was assessed accord-
ing to the Cochrane Collaboration tool published in the
Cochrane Handbook for Systematic Reviews of Interventions
(Version 5.1.0). BRisk of bias^ consisting chiefly of six do-
mains: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting,
and other bias. Each domain was graded as Blow risk of bias,^
Bhigh risk of bias,^ or Brisk of bias unclear.^

Statistical analysis

Statistical analysis was performed by Revman 5.3. For
continuous outcome, mean and standard deviation (SD)
of each study was extracted for calculating pool effect.
One study conducted by Moya [23] described continuous
data by mean and standard error (SE); we transferred it
into SD through formula: SD = SE × √N (N = sample size).
Mean difference (MD) was used as effect size when the
unit and order of magnitude adopted in all studies were
consistent; otherwise, standardized mean difference
(SMD) was used. Odds ratio (OR) and 95% confidence
interval (CI) were adopted as effect size for dichotomous
outcome; events number in intervention and control group
was extracted for calculating pooled effect. If effective

274 Int J Colorectal Dis (2018) 33:273–283



rate was used, we transferred it into events number by
sample size. If multiple intervention patterns were imple-
mented in one study, we took them as multiple indepen-
dent studies. Outcomes of continuous and dichotomous
data were measured using fixed-effect model or random-
effect model. The heterogeneity among eligible studies
was tested by Q test based on chi-square distribution
and I2 value. Fixed-effect model was used if no signifi-
cant heterogeneity (I2 < 50%) existed among studies; oth-
erwise, random-effect model was applied. We removed
one or two studies to explore the heterogeneity source
and recombined the remaining data to assess the sensitiv-
ity of the results. P value < 0.05 was considered statisti-
cally significant.

Results

Two thousand eight hundred seventy-four studies were
screened out through the initial search: 1531 from Medline
database, 1068 from Embase database, and 275 from
CENTRAL. After removal of duplicates and irrelevant arti-
cles, 38 full-text articles remained of which 26 studies were
excluded for not meeting the inclusion criteria. Three of the
remaining 12 studies were excluded with data unable to syn-
thesize. Eventually, nine studies [23–31] (six of the EN vs EIN
and three of the PN vs PIN) were included for this meta-
analysis (Fig. 1).

Study characteristics

Characteristics of nine studies were outlined in Table 1. In
summary, perioperative (n = 4) [23–25, 28], preoperative
(n = 1) [26], and postoperative (n = 4) [27, 29–31] interven-
tions were included in this meta-analysis. Six studies taken
EN vs EIN [23–28] and three taken PN vs PIN [29–31].
Laboratory indicators including biochemical indices and im-
mune indices (e.g., T cell subsets, cytokines, and immuno-
globulin) were measured both before and after the surgery in
EN/EIN; in PN/PIN, they were measured 1 day and 1 week
after the surgery, respectively; the clinical outcomes including
LOS, readmission, and complications were measured within
30 days after surgery.

Nine studies provided a total of 1004 participants diagnosed
with colorectal cancer, including 866 participants received the
EN/EIN nutrition support and 138 received the PN/PIN nutri-
tion support. In the EN/EIN group, the ratio of control group
and intervention group is 433:433; the ratio of control group
and intervention group in PN/PIN group is 69:69. More char-
acteristics of participants such as age, gender, weight, BMI, and
the situation of metastasis were listed in Table 2.

Quality assessment

Most studies had a clear description of their random sequence
generation. Three studies used a computer random number
generator [28–30], one used an envelope [25], two used the

Full-text artical
analysis
n=38

Duplicates,irrelevant
records screened:

n=2836

Records identified through
Pubmed searching

n=1531

Records identified through
Embase searching

n=1068

Records identified through
Cochrane searching

n=275

Included studies
n=9

Full-text articals excluded n=29
Cannot find full text n=11
Included patients with other tumors
n=4
Outcomes not matching inclusion
criteria n=7
Systematic reviews n=2
Languages not in english or chinese
n=2
Data can not be merged n=3

Fig. 1 Flow diagram of the
literature search and studies
selection process
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web-based randomization [23, 24], and three studies did not
give the sufficient information [26, 27, 31]. Among them,
three studies appropriately performed the allocation conceal-
ment [23–25]. Blinding of participants and personnel was
conducted in four studies [25, 28–30]. Blinding of participants
and personnel was conducted in five studies [25–28, 30, 31].
The remaining studies had no sufficient information about
blinding. Two studies reported the drop-out before conducting
the immunonutrition [24, 30]; therefore, corresponding do-
main was graded as Blow risk.^ All nine included studies
showed the pre-specified outcomes in the pre-specified way.
The assessment of risk of bias outcome of each study is sum-
marized in Tables 3 and 4.

Quantitative data synthesis

Effect of enteral immunonutrition on clinical outcome
indicators after surgery

The meta-analysis showed that EIN group had a shorter LOS
than EN group. Fixed-effect pooled MD was 2.35 (95% CI,
1.29–3.41) with null heterogeneity (I2 = 0%) (Fig. 2a).
Infectious complications were reduced in EIN group for the
fixed-effect pooled OR 0.33(95% CI, 0.21–0.53); no hetero-
geneity was detected (I2 = 0%) (Fig. 2b). Surgical Site
Infections (SSI) and Superficial/Deep incisional infections
were reduced in EIN group; the fixed-effect pooled OR was
0.25 (95%CI, 0.11–0.58) in SSI and 0.27(95%CI, 0.12–0.64)
in Superficial/Deep incisional infections; no heterogeneity
was detected (I2 = 0%) (Fig. 2c, d). Other outcomes, such as
anastomotic leak, ileus, organ/space infections, urinary tract
infections, respiratory infections, and readmission, were not
significantly different between two groups (Supplementary
Table 1).

Effect of enteral immunonutrition on laboratory index

No pooled results of laboratory index were found significantly
different between EN and EIN in this meta-analysis
(Supplementary Table 2).

Effect of parenteral immunonutrition on clinical outcome
indicators after surgery

PIN intervention could shorten the LOS compared to PN.
Pooled MD was 2.66 (95% CI, 0.62–4.76), and the homoge-
neity was well (I2 = 0%) (Fig. 3).

Effect of parenteral immunonutrition on laboratory index

CD8 and IL-6 were decreased in the PIN group than those in
PN group 1 week after the surgery.Ta
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PooledMD for CD8 was − 4.32 (95%CI, − 7.09 to − 1.55)
and − 6.09 (95% CI, − 10.11 to − 2.07) for IL-6 (Fig. 4a, b).
CD3, CD4/CD8, and CD4 increased in PIN group 1 week
after the surgery. Combined MD for CD3 was 7.50 (95% CI,
3.57–11.43), CD4/CD8 was 0.50 (95% CI, 0.22–0.78), and
CD4 was 5.47 (95% CI, 2.54–8.40) (Fig. 4c–e). In order to
find the source of relative high heterogeneity of CD4, a study
conducted by Zhu et al. [29] was removed and I2 reduced to
zero; meanwhile, pooledMD of CD4 level reached 7.59 (95%
CI, 3.97–11.22) (Fig. 4f).

Discussion

In the present meta-analysis, we evaluated the benefits of
immunonutrition in patients with colorectal cancer after sur-
gery. Overall, the pooled results supported the usage of EIN in
colorectal cancer patients, for the improvement of postopera-
tive complications and reduction of LOS, compared with EN.
Meanwhile, PIN strategy also showed to be beneficial for
patients’ LOS and cellular immune function parameters.
Regarding the proinflammatory factors, the PIN group had a
lower serum IL-6 level than that in the PN group, and the
increased CD4, CD4/CD8, and CD3 T lymphocytes in the
PIN group were reasonably observed, which reflect the en-
hancing immune function.

Colorectal cancer is the third most commonly diagnosed
cancer in males and the second in females, and the mortality
rate ranked fourth in males and third in females. Statistics data
from IARC showed that the number of new cases of colorectal
cancer was 1.4 million and 693,900 cases died in 2012 in the
world [1]. Patients of colorectal cancer often suffer from mal-
nutrition, especially those undergoing tumorectomy, and the
worsening of nutritional status consequently deteriorated the
surgical outcomes. Thus, nutrition intervention has been the
focal point of postoperative recovery [32]. Despite the standard
nutrition support could reverse nitrogen imbalance and promote
patients’ nutritional status, it did little contribution in improving
the immune function. Thus, many researchers advocated the
usage of immunonutrition in colorectal cancer patients. A
growing body of studies suggests that the immunonutrition
could reduce the postoperative complications and shorten the
LOS in surgical patients, and it also lower toxic effect after the
chemoradiotherapy, such as nausea, vomiting, bloating, abdom-
inal pain, diarrhea, or constipation [33]. Immunonutrition for-
mula usually includes arginine, omega-3 fatty acid, glutamine
and RNA, etc. Andrade et al. [34] found dietary arginine could
preserve the intestinal mucosa and tend to decreased inflamma-
tion by histologic analysis. Glutamine supplementation in
enteral/parenteral nutrition was able to reduce septic complica-
tions, accelerate wound healing, and shorten LOS [35].
However, not all the studies showed the beneficial effects of
immunonutrition. For example, Giger-Pabst et al. [36] foundTa
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that preoperative oral supplementation with an immune-
enriched diet for 3 days did not improve postoperative outcome
in patients with gastrointestinal cancer, and meanwhile, no pos-
itive effects of immunonutrition support were found in ICU
patients [37, 38]; furthermore, a study including 1223 critically
ill adults showed harmful effects of early administration of

immunonutrition [39]. The above results indicated that the ef-
fects of immunonutrition would be different when the condi-
tions are different. Patient characteristics of demographic, sam-
ple size, control group selection, different administration dose,
and duration may be the sources of heterogeneity [40]. In this
meta-analysis, the present results confirmed that the

a

b

c

d

Fig. 2 Forest plot comparison between EN and EIN for clinical index. a LOS. b Infectious complications. c SSI. d Superficial/deep incisional infections,
Braga 20021 preoperative group, Braga 20022 perioperative group

Table 4 The percentage of each bias for all the included studies

Low risk (%) High risk (%) Unknown risk (%)

Random sequence generation (selection bias) 66.67 0 33.33

Allocation concealment (selection bias) 33.33 11.11 55.56

Blinding of participants and personnel (performance bias) 44.44 22.22 22.22

Blinding of outcome assessment (detection bias) 55.55 22.22 22.22

Incomplete outcome data (attrition bias) 100 0 0

Selective reporting (reporting bias) 88.89 0 11.11

Other bias 88.89 11.11 0
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immunonutrition support did work for the patients with colo-
rectal cancer.

EN and PN were two different drug delivery routes. In
general, EN is prior to PN in clinical practice. PN is used

a

b

c

d

e

f

Fig. 4 Forest plot comparison between PN and PIN for laboratory index. a CD8. b IL-6. c CD3. d CD4/CD8. e CD4

Fig. 3 Forest plot comparison between PN and PIN for LOS
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only in patients with the following conditions: not feasible
or tolerated for EN, unable to receive and absorb adequate
amounts of oral/enteral feeding for at least 7 days due to
postoperative complications impairing gastrointestinal
function [41]. In this meta-analysis, we also found a dif-
ferent effect between EIN and PIN. EIN mainly improved
the clinical outcomes such as SSI and Superficial/Deep
incisional infection. However, PIN mainly increase the
immune function and reduce inflammation through sever-
al laboratory indices, such as raised level of CD4, CD4/
CD8, and CD3 T lymphocytes and decreased serum level
of IL-6.

Enhanced recovery after surgery (ERAS) protocols are de-
signed to accelerate recovery after surgery [42]. Several stud-
ies have demonstrated that ERAS protocols can reduce mor-
bidity and shorten the LOS following colorectal surgery
[43–48]. Two of the included studies evaluated benefits of
immunonutrition on colorectal cancer patients within an
ERAS [23, 24]. The wound infection decreased in both of
the two studies. However, reduction of infectious complica-
tions occurred only in patients undergoing laparoscopic sur-
gery. Those results indicated the potential effect difference of
immunonutrition in patients undergoing laparoscopic and
open surgery.

There are different opinions regarding the mechanisms
of immunonutrition on immune function and inflamma-
tion. Two reports found glutamine could raise secretion
of sIgA in the intestine and prevent the translocation of
intestinal microbiota [49, 50]. Costa et al. [51] found that
supplementation with arginine prevented the increases in
intestinal permeability and bacterial transfer caused by
exertional hyperthermia and indicated that dietary L-
arginine supplementation preserves the integrity of the
intestinal epithelium. Those may be the possible explana-
tion of the positive effect of immunonutrition in patients
with colorectal cancer in this meta-analysis.

Several strengths and limitations in this meta-analysis
should be described. Both EN and PN effects on clinical
and laboratory indices were analyzed in this systematic re-
view and meta-analysis, and it could provide the compre-
hensive evaluation of immunonutrition in colorectal cancer
patients after surgery. Even though, there are aspects of this
study that can be improved in future. First, dose of nutrients
is an important factor for the effect of immunonutrition.
Nutrient dose in immunonutrition formula was ranged from
3 to 15.8 g/d [25, 28] in EIN vs EN and from 0.2 to 0.4 g/kg/
d in PIN vs PN [30, 31]. In this meta-analysis, we did not
explore the dose-response relation, due to the small number
of included studies; second, population stratification (e.g.,
age, gender, and race) was not evaluated due to lacking of
enough included studies; third, studies in languages except
for English and Chinese were ineligible for inclusion
criteria.

Conclusion

Immunonutrition is beneficial for colorectal cancer pa-
tients undergoing surgery. It may decrease the rate of
postoperative complications, shorten LOS, and enhance
immune function. Immunonutrition could be encouraged
in the clinical treatment. More studies with specific tim-
ings (preoperative, perioperative, and postperative) are
needed for better understanding of immunonutrition in
clinical practice. Use of immunonutrition within an
ERAS may be more effective. Whether immunonutrition
has a long-time effect of patients also needs to be clarified
in future.

Acknowledgements This work was supported by the National Natural
Science Foundation (81473458, 81473593) and the Jiangsu Qing Lan
Project (JSQL-2014). This work was also supported partly by the
Priority Academic Program Development of Jiangsu Higher Education
Institutions (Integration of Chinese and Western Medicine) and the
Project of Clinical Scientific Research of Medicine State Administration
of TCM (JDZX2015089).

Open Access This article is distributed under the terms of the Creative
Commons At t r ibut ion 4 .0 In te rna t ional License (h t tp : / /
creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided you give
appropriate credit to the original author(s) and the source, provide a link
to the Creative Commons license, and indicate if changes were made.

References

1. Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A
(2015) Global cancer statistics, 2012. CA Cancer J Clin 65(2):87–
108. https://doi.org/10.3322/caac.21262

2. Chang HR, Bistrian B (1998) The role of cytokines in the catabolic
consequences of infection and injury. JPEN J Parenter Enteral Nutr
22(3):156–166. https://doi.org/10.1177/0148607198022003156

3. Napolitano LM, Faist E, Wichmann MW, Coimbra R (1999)
Immune dysfunction in trauma. Surg Clin North Am 79(6):1385–
1416. https://doi.org/10.1016/S0039-6109(05)70084-0

4. Alexander JW (1998) Immunonutrition: the role of omega-3 fatty
acids. Nutrition 14(7–8):627–633. https://doi.org/10.1016/S0899-
9007(98)00004-5

5. Arends J, Bachmann P, Baracos V, BarthelemyN, Bertz H, Bozzetti
F, Fearon K, Hutterer E, Isenring E, Kaasa S, Krznaric Z, Laird B,
Larsson M, Laviano A, Muhlebach S, Muscaritoli M, Oldervoll L,
Ravasco P, Solheim T, Strasser F, de van der Schueren M, Preiser
JC (2017) ESPEN guidelines on nutrition in cancer patients. Clin
Nutr 36(1):11–48. https://doi.org/10.1016/j.clnu.2016.07.015

6. Glatzle J, KasparekMS,MuellerMH, Binder F,Meile T, KreisME,
Konigsrainer A, Steurer W (2007) Enteral immunonutrition during
sepsis prevents pulmonary dysfunction in a rat model. J
Gastrointest Surg 11(6):719–724. https://doi.org/10.1007/s11605-
007-0144-9

7. Xiong L, Teng JL, Botelho MG, Lo RC, Lau SK, Woo PC (2016)
Arginine metabolism in bacterial pathogenesis and cancer therapy.
Int J Mol Sci 17(3):363. https://doi.org/10.3390/ijms17030363

Int J Colorectal Dis (2018) 33:273–283 281

https://doi.org/10.3322/caac.21262
https://doi.org/10.1177/0148607198022003156
https://doi.org/10.1016/S0039-6109(05)70084-0
https://doi.org/10.1016/S0899-9007(98)00004-5
https://doi.org/10.1016/S0899-9007(98)00004-5
https://doi.org/10.1016/j.clnu.2016.07.015
https://doi.org/10.1007/s11605-007-0144-9
https://doi.org/10.1007/s11605-007-0144-9
https://doi.org/10.3390/ijms17030363


8. Evoy D, Lieberman MD, Fahey TJ 3rd, Daly JM (1998)
Immunonutrition: the role of arginine. Nutrition 14(7–8):611–
617. https://doi.org/10.1016/S0899-9007(98)00005-7

9. Klein D, Morris DR (1978) Increased arginase activity during lym-
phocyte mitogenesis. Biochem Biophys Res Commun 81(1):199–
204. https://doi.org/10.1016/0006-291X(78)91649-2

10. Avenell A (2009) Hot topics in parenteral nutrition. Current evi-
dence and ongoing trials on the use of glutamine in critically ill
patients and patients undergoing surgery. Proc Nutr Soc 68(3):
261–268. https://doi.org/10.1017/S0029665109001372

11. Kuhn KS, Muscaritoli M, Wischmeyer P, Stehle P (2010)
Glutamine as indispensable nutrient in oncology: experimental
and clinical evidence. Eur J Nutr 49(4):197–210. https://doi.org/
10.1007/s00394-009-0082-2

12. Peng ZY, Hamiel CR, Banerjee A, Wischmeyer PE, Friese RS,
Wischmeyer P (2006) Glutamine attenuation of cell death and in-
ducible nitric oxide synthase expression following inflammatory
cytokine-induced injury is dependent on heat shock factor-1 expres-
sion. J Parenter Enter Nutr 30(5):400–406. https://doi.org/10.1177/
0148607106030005400

13. Savarese DM, Savy G, Vahdat L, Wischmeyer PE, Corey B (2003)
Prevention of chemotherapy and radiation toxicity with glutamine.
Cancer Treat Rev 29(6):501–513. https://doi.org/10.1016/S0305-
7372(03)00133-6

14. Singleton KD, Wischmeyer PE (2007) Glutamine’s protection
against sepsis and lung injury is dependent on heat shock protein
70 expression. Am J Physiol Regul Integr Comp Physiol 292(5):
R1839–R1845. https://doi.org/10.1152/ajpregu.00755.2006

15. Gerlach AT,Murphy C (2011) An update on nutrition support in the
critically ill. J Pharm Pract 24(1):70–77. https://doi.org/10.1177/
0897190010388142

16. Braga M (2012) Perioperative immunonutrition and gut function.
Curr Opin Clin Nutr Metab Care 15(5):485–488. https://doi.org/10.
1097/MCO.0b013e3283567d8f

17. Klek S, Kulig J, Sierzega M, Szczepanek K, Szybinski P, Scislo L,
Walewska E, Kubisz A, Szczepanik AM (2008) Standard and
immunomodulating enteral nutrition in patients after extended gas-
trointestinal surgery—a prospective, randomized, controlled clini-
cal trial. Clin Nutr 27(4):504–512. https://doi.org/10.1016/j.clnu.
2008.04.010

18. Klek S, Kulig J, SierzegaM, Szybinski P, Szczepanek K, Kubisz A,
Kowalczyk T, Gach T, Pach R, Szczepanik AM (2008) The impact
of immunostimulating nutrition on infectious complications after
upper gastrointestinal surgery: a prospective, randomized, clinical
trial. Ann Surg 248(2):212–220. https://doi.org/10.1097/SLA.
0b013e318180a3c1

19. Senkal M, Zumtobel V, Bauer KH, Marpe B, Wolfram G, Frei A,
Eickhoff U, Kemen M (1999) Outcome and cost-effectiveness of
perioperative enteral immunonutrition in patients undergoing elec-
tive upper gastrointestinal tract surgery: a prospective randomized
study. Arch Surg 134(12):1309–1316. https://doi.org/10.1001/
archsurg.134.12.1309

20. Lobo DN, Williams RN, Welch NT, Aloysius MM, Nunes QM,
Padmanabhan J, Crowe JR, Iftikhar SY, Parsons SL, Neal KR,
Allison SP, Rowlands BJ (2006) Early postoperative jejunostomy
feeding with an immune modulating diet in patients undergoing
resectional surgery for upper gastrointestinal cancer: a prospective,
randomized, controlled, double-blind study. Clin Nutr 25(5):716–
726. https://doi.org/10.1016/j.clnu.2006.04.007

21. Wong CS, Aly EH (2016) The effects of enteral immunonutrition in
upper gastrointestinal surgery: a systematic review and meta-anal-
ysis. Int J Surg 29:137–150. https://doi.org/10.1016/j.ijsu.2016.03.
043

22. Zhang Y, Gu Y, Guo T, Li Y, Cai H (2012) Perioperative
immunonutrition for gastrointestinal cancer: a systematic review

of randomized controlled trials. Surg Oncol 21(2):e87–e95.
https://doi.org/10.1016/j.suronc.2012.01.002

23. Moya P, Soriano-Irigaray L, Ramirez JM, Garcea A, Blasco O,
Blanco FJ, Brugiotti C, Miranda E, Arroyo A (2016)
Perioperative standard oral nutrition supplements versus
Immunonutrition in patients undergoing colorectal resection in an
enhanced recovery (ERAS) protocol: a multicenter randomized
clinical trial (SONVI study). Medicine 95(21):e3704. https://doi.
org/10.1097/MD.0000000000003704

24. Moya P, Miranda E, Soriano-Irigaray L, Arroyo A, Aguilar MD,
Bellon M, Munoz JL, Candela F, Calpena R (2016) Perioperative
immunonutrition in normo-nourished patients undergoing laparo-
scopic colorectal resection. Surg Endosc 30(11):4946–4953. https://
doi.org/10.1007/s00464-016-4836-7

25. Sorensen LS, Thorlacius-Ussing O, Rasmussen HH, Lundbye-
Christensen S, Calder PC, Lindorff-Larsen K, Schmidt EB (2014)
Effects of perioperative supplementation with omega-3 fatty acids
on leukotriene B(4) and leukotriene B(5) production by stimulated
neutrophils in patients with colorectal cancer: a randomized,
placebo-controlled intervention trial. Nutrients 6(10):4043–4057.
https://doi.org/10.3390/nu6104043

26. Horie H, OkadaM, KojimaM, Nagai H (2006) Favorable effects of
preoperative enteral immunonutrition on a surgical site infection in
patients with colorectal cancer without malnutrition. Surg Today
36(12):1063–1068. https://doi.org/10.1007/s00595-006-3320-8

27. Chen R, Cai JL, Zhou B, Jiang AF (2005) Effect of immune-
enhanced enteral diet on postoperative immunological function in
patients with colorectal cancer. Zhonghua wei chang wai ke za zhi =
Chin J Gastrointes Surg 8(4):328–330 (Chinese)

28. Braga M, Gianotti L, Vignali A, Carlo VD (2002) Preoperative oral
arginine and n-3 fatty acid supplementation improves the
immunometabolic host response and outcome after colorectal re-
section for cancer. Surgery 132(5):805–814. https://doi.org/10.
1067/msy.2002.128350

29. ZhuMW, Tang DN, Hou J,Wei JM, HuaB, Sun JH, Cui HY (2012)
Impact of fish oil enriched total parenteral nutrition on elderly pa-
tients after colorectal cancer surgery. Chin Med J 125(2):178–181

30. Liang B, Wang S, Ye YJ, Yang XD, Wang YL, Qu J, Xie QW, Yin
MJ (2008) Impact of postoperative omega-3 fatty acid-supplemented
parenteral nutrition on clinical outcomes and immunomodulations in
colorectal cancer patients. World J Gastroenterol 14(15):2434–2439.
https://doi.org/10.3748/wjg.14.2434

31. Song JX, Tu XH, Wang L, Li CJ (2004) Glutamine dipeptide-
supplemented parenteral nutrition in patients with colorectal cancer.
Clin Nutr Suppl 1(1):49–53. https://doi.org/10.1016/j.clnu.2004.
07.010

32. Klek S, Szybinski P, Szczepanek K (2014) Perioperative
immunonutrition in surgical cancer patients: a summary of a de-
cade of research. World J Surg 38(4):803–812. https://doi.org/10.
1007/s00268-013-2323-z

33. Machon C, Thezenas S, Dupuy AM, Assenat E, Michel F, Mas E,
Senesse P, Cristol JP (2012) Immunonutrition before and during
radiochemotherapy: improvement of inflammatory parameters in
head and neck cancer patients. Supportive Care Cancer 20(12):
3129–3135. https://doi.org/10.1007/s00520-012-1444-5

34. Andrade ME, Santos RD, Soares AD, Costa KA, Fernandes SO, de
Souza CM, Cassali GD, de Souza AL, Faria AM, Cardoso VN
(2016) Pretreatment and treatment with L-arginine attenuate weight
loss and bacterial translocation in dextran sulfate sodium colitis.
JPEN J Parenter Enteral Nutr 40(8):1131–1139. https://doi.org/10.
1177/0148607115581374

35. Lorenz KJ, Schallert R, Daniel V (2015) Immunonutrition—the
influence of early postoperative glutamine supplementation in
enteral/parenteral nutrition on immune response, wound healing
and length of hospital stay in multiple trauma patients and patients

282 Int J Colorectal Dis (2018) 33:273–283

https://doi.org/10.1016/S0899-9007(98)00005-7
https://doi.org/10.1016/0006-291X(78)91649-2
https://doi.org/10.1017/S0029665109001372
https://doi.org/10.1007/s00394-009-0082-2
https://doi.org/10.1007/s00394-009-0082-2
https://doi.org/10.1177/0148607106030005400
https://doi.org/10.1177/0148607106030005400
https://doi.org/10.1016/S0305-7372(03)00133-6
https://doi.org/10.1016/S0305-7372(03)00133-6
https://doi.org/10.1152/ajpregu.00755.2006
https://doi.org/10.1177/0897190010388142
https://doi.org/10.1177/0897190010388142
https://doi.org/10.1097/MCO.0b013e3283567d8f
https://doi.org/10.1097/MCO.0b013e3283567d8f
https://doi.org/10.1016/j.clnu.2008.04.010
https://doi.org/10.1016/j.clnu.2008.04.010
https://doi.org/10.1097/SLA.0b013e318180a3c1
https://doi.org/10.1097/SLA.0b013e318180a3c1
https://doi.org/10.1001/archsurg.134.12.1309
https://doi.org/10.1001/archsurg.134.12.1309
https://doi.org/10.1016/j.clnu.2006.04.007
https://doi.org/10.1016/j.ijsu.2016.03.043
https://doi.org/10.1016/j.ijsu.2016.03.043
https://doi.org/10.1016/j.suronc.2012.01.002
https://doi.org/10.1097/MD.0000000000003704
https://doi.org/10.1097/MD.0000000000003704
https://doi.org/10.1007/s00464-016-4836-7
https://doi.org/10.1007/s00464-016-4836-7
https://doi.org/10.3390/nu6104043
https://doi.org/10.1007/s00595-006-3320-8
https://doi.org/10.1067/msy.2002.128350
https://doi.org/10.1067/msy.2002.128350
https://doi.org/10.3748/wjg.14.2434
https://doi.org/10.1016/j.clnu.2004.07.010
https://doi.org/10.1016/j.clnu.2004.07.010
https://doi.org/10.1007/s00268-013-2323-z
https://doi.org/10.1007/s00268-013-2323-z
https://doi.org/10.1007/s00520-012-1444-5
https://doi.org/10.1177/0148607115581374
https://doi.org/10.1177/0148607115581374


after extensive surgery. Gms Interdiscip Plast Reconstr Surg
DGPW 4:Doc15. https://doi.org/10.3205/iprs000074

36. Giger-Pabst U, Lange J, Maurer C, Bucher C, Schreiber V,
Schlumpf R, Kocher T, Schweizer W, Krahenbuhl S, Krahenbuhl
L (2013) Short-term preoperative supplementation of an
immunoenriched diet does not improve clinical outcome in well-
nourished patients undergoing abdominal cancer surgery. Nutrition
29(5):724–729. https://doi.org/10.1016/j.nut.2012.10.007

37. Atkinson S, Sieffert E, Bihari D (1998) A prospective, randomized,
double-blind, controlled clinical trial of enteral immunonutrition in
the critically ill. Guy’s hospital intensive care group. Crit Care Med
26(7):1164–1172. https://doi.org/10.1097/00003246-199807000-
00013

38. Bower RH, Cerra FB, Bershadsky B, Licari JJ, Hoyt DB, Jensen
GL, Van Buren CT, Rothkopf MM, Daly JM, Adelsberg BR (1995)
Early enteral administration of a formula (impact) supplemented
with arginine, nucleotides, and fish oil in intensive care unit pa-
tients: results of a multicenter, prospective, randomized, clinical
trial. Crit Care Med 23(3):436–449. https://doi.org/10.1097/
00003246-199503000-00006

39. Heyland D,Muscedere J,Wischmeyer PE, CookD, Jones G, Albert
M, Elke G, Berger MM, Day AG, Canadian Critical Care Trials G
(2013) A randomized trial of glutamine and antioxidants in critical-
ly ill patients. N Engl JMed 368(16):1489–1497. https://doi.org/10.
1056/NEJMoa1212722

40. McCowen KC, Bistrian BR (2003) Immunonutrition: problematic
or problem solving? Am J Clin Nutr 77(4):764–770

41. Weimann A, Braga M, Carli F, Higashiguchi T, Hübner M, Klek S,
Laviano A, Ljungqvist O, Lobo DN, Martindale R, Waitzberg DL,
Bischoff SC, Singer P (2017) ESPEN guideline: clinical nutrition in
surgery. Clin Nutr 36(3):623–650. https://doi.org/10.1016/j.clnu.
2017.02.013

42. Wilmore DW, Kehlet H (2001)Management of patients in fast track
surgery. BMJ 322(7284):473–476. https://doi.org/10.1136/bmj.
322.7284.473

43. Adamina M, Kehlet H, Tomlinson GA, Senagore AJ, Delaney CP
(2011) Enhanced recovery pathways optimize health outcomes and
resource utilization: a metaanalysis of randomized controlled trials

in colorectal surgery. Surgery 149(6):830–840. https://doi.org/10.
1016/j.surg.2010.11.003.

44. Spanjersberg WR, Reurings J, Keus F, van Laarhoven CJ (2011)
Fast track surgery versus conventional recovery strategies for colo-
rectal surgery. Cochrane Database Syst Rev 16(2):CD007635.
https://doi.org/10.1002/14651858.

45. Odermatt M, Miskovic D, Flashman K, Khan J, Senapati A,
O'Leary D, Thompson M, Parvaiz A (2015) Major postoperative
complications following elective resection for colorectal cancer de-
crease long-term survival but not the time to recurrence. Color Dis
17(2):141–149. https://doi.org/10.1111/codi.12757

46. Lv L, Shao YF, Zhou YB (2012) The enhanced recovery after
surgery (ERAS) pathway for patients undergoing colorectal sur-
gery: an update of meta-analysis of randomized controlled trials.
Int J Color Dis 27(12):1549–1554. https://doi.org/10.1007/s00384-
012-1577-5

47. Lohsiriwat V (2014) Impact of an enhanced recovery program on
colorectal cancer surgery. Asian Pac J Cancer Prev 15(8):3825–
3828. https://doi.org/10.7314/APJCP.2014.15.8.3825

48. Ramírez JM, Blasco JA, Roig JV, Maeso-Martínez S, Casal JE,
Esteban F, Lic DC, Spanish working group on fast track (2011)
Surgery enhanced recovery in colorectal surgery: a multicentre
study. BMC Surg 11:9. https://doi.org/10.1186/1471-2482-11-9

49. Ren W, Wang K, Yin J, Chen S, Liu G, Tan B, Wu G, Bazer FW,
Peng Y, Yin Y (2016) Glutamine-induced secretion of intestinal
secretory immunoglobulin a: a mechanistic perspective. Front
Immunol 7:503. https://doi.org/10.3389/fimmu.2016.00503

50. Zou XP, Chen M, Wei W, Cao J, Chen L, Tian M (2010) Effects of
enteral immunonutrition on the maintenance of gut barrier function
and immune function in pigs with severe acute pancreatitis. JPEN J
Parenter Enteral Nutr 34(5):554–566. https://doi.org/10.1177/
0148607110362691

51. Costa KA, Soares AD, Wanner SP, Santos R, Fernandes SO,
Martins Fdos S, Nicoli JR, Coimbra CC, Cardoso VN (2014) L-
arginine supplementation prevents increases in intestinal perme-
ability and bacterial translocation in male Swiss mice subjected to
physical exercise under environmental heat stress. J Nutr 144(2):
218–223. https://doi.org/10.3945/jn.113.183186

Int J Colorectal Dis (2018) 33:273–283 283

https://doi.org/10.3205/iprs000074
https://doi.org/10.1016/j.nut.2012.10.007
https://doi.org/10.1097/00003246-199807000-00013
https://doi.org/10.1097/00003246-199807000-00013
https://doi.org/10.1097/00003246-199503000-00006
https://doi.org/10.1097/00003246-199503000-00006
https://doi.org/10.1056/NEJMoa1212722
https://doi.org/10.1056/NEJMoa1212722
https://doi.org/10.1016/j.clnu.2017.02.013
https://doi.org/10.1016/j.clnu.2017.02.013
https://doi.org/10.1136/bmj.322.7284.473
https://doi.org/10.1136/bmj.322.7284.473
https://doi.org/10.1016/j.surg.2010.11.003.
https://doi.org/10.1016/j.surg.2010.11.003.
https://doi.org/10.1002/14651858.
https://doi.org/10.1111/codi.12757
https://doi.org/10.1007/s00384-012-1577-5
https://doi.org/10.1007/s00384-012-1577-5
https://doi.org/10.7314/APJCP.2014.15.8.3825
https://doi.org/10.1186/1471-2482-11-9
https://doi.org/10.3389/fimmu.2016.00503
https://doi.org/10.1177/0148607110362691
https://doi.org/10.1177/0148607110362691
https://doi.org/10.3945/jn.113.183186

	Effect of immunonutrition on colorectal cancer patients undergoing surgery: a meta-analysis
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Search strategy
	Study selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Study characteristics
	Quality assessment
	Quantitative data synthesis
	Effect of enteral immunonutrition on clinical outcome indicators after surgery
	Effect of enteral immunonutrition on laboratory index
	Effect of parenteral immunonutrition on clinical outcome indicators after surgery
	Effect of parenteral immunonutrition on laboratory index


	Discussion
	Conclusion
	References


