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Summary
Purpose: Perioperative enteral nutrition supports are recommended in esophagus cancer patients. Immunonutrition
contains immuno-enhancing nutrients in addition to standard formula. These new nutrients are thought to be efficacious in reducing inflammatory response and improving
postoperative immune response and they have been proved
to be better than standard enteral nutrition in reducing
postoperative complications in gastric cancer. However, if it
would lead to a better clinical outcome in patients undergoing esophagectomy remains controversial.

Results: Six randomized controlled trials having enrolled
638 patients were included in the final analysis. The pooled
analysis didn’t show statistically significant difference between immunonutrition group and standard nutrition group
in reducing postoperative complications.

Conclusions: The postoperative complications are comparable between immunonutrition and the standard enteral nutrition in patients undergoing esophagectomy, but
its value in severe malnutrition patients is undetermined,
whereas the high tolerance and other advantages brought
Methods: A systematic literature search was performed by the immunonutrition should not be overlooked and need
in the online database of PubMed, Medline, EMBASE and to be further proved.
Cochrane Library. The relevant studies were screened out
of the results by reading titles and abstracts. Then, we read
the full-texts to finally confirm the studies included in this Key words: enteral nutrition, esophagectomy, postoperative
complication, meta-analysis
meta-analysis.

Introduction
Esophagectomy with lymphadenectomy as the
standard surgery for resectable esophageal cancer
(EC) is a highly invasive procedure which involves
thorax, abdomen and even the neck [1]. As a result
of dysphagia and disease consumption, EC patients
tend to have varying degrees of malnutrition [2].
Perioperative nutritional status affects the rehabilitation and prognosis of EC patients [3,4]. Therefore, nutrition support is quite an important part of

perioperative managements in such patients [5]. A
meta-analysis showed enteral nutrition is superior
to parenteral nutrition in decreasing the morbidity of postoperative complications in EC patients
[2]. On the basis of standard enteral nutrition formula, new formulas with new nutrients are being
designed. Immunonutrition contains the arginine,
omega-3 polyunsaturated fatty acids eicosapentaenoic acid (EPA) and nucleotide in addition to
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the traditional nutrients of standard formula [6,7].
These new nutrients are thought to be efficacious
in reducing inflammatory response and improving
postoperative immune response. A meta-analysis
has shown the superiority of immunonutrition
in reducing the postoperative complications in
patients undergoing gastrectomy [8]. However,
whether these changes in immunological and hematological indexes would lead to a better clinical
outcome in patients with EC remains inconclusive.
So we pooled the related randomized controlled trials together to see if the immunonutrition is more
efficient in reducing the postoperative complications in EC patients than standard nutrition

Methods
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Statistics
Data analysis was performed by Review Manager
Version 5.3 and STATA Version 12.0 software (Stata Corporation, College Station, TX, USA). Odds Ratio (OR) was
used in the comparison of dichotomous data. We used I2
as the indicator of heterogeneity. I2 <25%, 25%≤I2 <50%
and I2 ≥50% indicated low, moderate and high heterogeneity. When high heterogeneity was detected, a random effects model was adopted otherwise fixed effects
model was adopted. Begg’s and Egger’s tests were used
to detect the publication bias. P value less than 0.05 was
considered to be statistically significant.

Results
The screening procedures are shown in Figure
1. Finally, six randomized controlled trials (RCTs)

Our protocol adhered to the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA) statement [9].
A systematic search was performed in the online
database of PubMed, Medline, EMBASE and Cochrane
Library on 13th September 2018 to find out potentially
relevant publications. The searching strategy was consisted of following terms: (nutrition OR nutrient OR immunonutrition OR enhanced recovery) AND (esophagus
OR oesophagus OR esophageal OR esophagectomy OR
oesophagectomy) AND (cancer OR neoplasm OR carcinoma OR tumor).
Inclusion and exclusion criteria
Inclusion criteria: a) studies comparing immunonutrition and standard enteral nutritions; b) studies enrolling patients undergoing esophagectomy for EC; c)
studies providing data on postoperative complications.
Exclusion criteria: a) not randomized controlled
trial; b) the following publication types: review, metaanalysis, case report, conference, letter and reply.
The included studies should meet all the three inclusion criteria, and any study meeting any one of the
exclusion criteria was excluded.
Study screening and quality assessment
By reading the titles and abstracts, potentially relevant studies were screened out of the searching results.
Then, the full-texts of these studies were carefully read
and related data were extracted to finally confirm the
studies included in the meta-analysis. The Cochrane Collaboration’s tool published in the Cochrane Handbook
(version 5.3) which contained seven items was used to
evaluate the quality of included studies. All the works
were done by two authors (Zhuo and Luo) independently
who then checked each other. Disagreements were resolved by discussing with another author (Lin).
Major outcomes
The major outcome in this study was the postoperative complications including anastomosis leakage,
pulmonary infection, wound infection, sepsis and so on.

Figure 1. Flow diagram showing the procedures of study
selection.
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enrolled 638 patients (391 in the immunonutrition group) were included in the meta-analysis.
The baseline characteristics of the included studies
are shown in Table 1. Among the six RCTs, three
articles [10-12] compared the perioperative administration of the immunonutrition with the standard enteral nutrition, one study [13] administered
immunonutrition after the surgery, one study [14]
gave the immunonutrition before surgery and another 2×2 factorial RCT [15] compared preoperative, postoperative and perioperative administration of immunonutrition with the standard enteral
nutrition. All the patients in the RCTs underwent
open or minimal invasive esophagectomy with two
or three-level lymphadenectomy.
Postoperative complications
Although the immunonutrition group had a
lower rate of anastomosis leakage (9.0% versus
10.9%), the difference didn’t reach statistical significance (OR=0.75, 95%CI (0.43, 1.31), p value=0.32,
Figure 2A). The immunonutrition group had a
lower rate of wound infection (8.8% versus 9.8%),

but it didn’t show statistical significance (OR=0.99,
95%CI 0.49, 2.00, p value=0.98) Figure 2B). The
incidence of pulmonary infection was also comparable between the immunonutrition (IN) group and
standard nutrition (SN) group (18.7% in IN, 14.6%
in SN, OR=1.04, 95%CI (0.65, 1.65), p =0.88, Figure
2C). Only three studies provided about sepsis, and
the pooled analysis didn’t show statistically significant difference (6.1% in IN, 5.5% in SN, OR=0.92,
95%CI 0.42, 2.02, p value=0.84) Figure 2D). Since
limited studies reported the other complications,
the analyses of other complications were summarized in Table 2.
Heterogeneity and publication bias
Only the analysis of sepsis showed a moderate heterogeneity (I2=28%), the pooled analyses of
other complications showed a low heterogeneity
(I2<25%). Egger’s and Begg’s test detected no publication bias in all analyses. The quality assessment
result is shown in Figure 3. The binding of participants or personnel and the binding of outcome
assessment were unavailable in four studies. The

Table 1. Baseline characteristics of included studies
Study

No. of patients
(IN/SN)

Time of IN

Duration of
preoperative
intervention

Duration of
postoperative
intervention

Surgery type

Immunoenhancing
substances

Sakuri 2007

16/14

Perioperative

3 days

Ryan 2009

28/25

Perioperative

5 days

14 days

OE

A,B,C

21 days

OE or MIE

Healy 2017

97/94

Perioperative

A

5 days

30 days

OE or MIE

A

Kitagawa 2017

14/15

Matsuda 2017

35/37

preoperative

5 days

unavailable

MIE

A,C

postoperative

Unavailable

21

OE or MIE

Mudge 2018

65/62

A

postoperative

7 days

7 days

OE or MIE

A,B,C

Mudge 2018
Mudge 2018

65/62

preoperative

7 days

7 days

OE or MIE

A,B,C

71/62

perioperative

7 days

7 days

OE or MIE

A,B,C

IN=immunonutrition, SN=standard nutrition, OE=open esophagectomy, MIE=minimal invasive esophagectomy, A=arginine, B= omega-3unsaturated fatty acid, C= nucleotide

Table 2. Summary of other complications in the six randomized control trials
Complication

Number of studies

Complication rate in IN
(event/total)

Complication rate in SN
(event/total)

ARDS

2 studies [10, 15]

1.31% (3/229)

1.15% (1/87)

Chylothorax

1 study [15]

5.96% (14/201)

5.26% (2/62)

Urinary tract infection

1 study [15]

2.99% (6/201)

3.23 (2/62)

Respiratory failure

1 study [11]

5.15% (5/97)

7.45% (7/94)

Atrial fibrillation

1 study [11]

17.53% (17/97)

20.21% (19/94)

Recurrent nerve palsy

1 study [14]

28.57% (4/14)

40.00% (6/15)

Renal failure

1 study [10]

3.57% (1/28)

12.00% (3/25)

Gastrointestinal complication

1 study [12]

18.75% (3/16)

28.57% (4/14)

IN=immunonutrition, SN=standard nutrition, ARDS: acute respiratory distress syndrome
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binding of Random sequence generation and allo- to infection, and promote wound healing [16,17].
cation concealment were unavailable in one study. So perioperative nutrition support is necessary in
The left items were well described in all studies.
patients undergoing highly invasive surgery. Otherwise, this protein-consuming state could lead to
prolonged convalescence, diminished immunity,
Discussion
and poor wound healing.
Enteral nutrition has been believed to bring
All the pooled analyses of postoperative complications showed no statistically significant dif- more benefits to surgical patients than parenteral
ference between immunonutrition and standard nutrition [18]. The standard enteral nutrition fonutrition. So the improvements of immunological cuses on providing adequate energy and protein
and hematological indexes brought by immunonu- to the body. As an improvement of standard nutritrition failed to reduce the incidence of postopera- tion formula, arginine, nucleotide and high concentration of omega-3-unsaturated fatty acids bring
tive complications in EC patients.
Severe surgical trauma results in metabolic more functions to the immunonutrition. Omegaresponses that mobilize substrate from body stores 3-unsaturated fatty acids have been shown to into support vital organs, thus enhance the resistance hibit inflammatory lipid mediators produced from

Figure 2. Forest plot for postoperative complications (A: anastomosis leakage; B: wound infection; C: pulmonary infection; D: sepsis).
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Figure 3. Study quality assessments based on review author’s judgement about risk of bias item for each eligible study.

n–6 fatty acids, as well as the TNF-a and IL-1 production. Arginine could significantly reduce body
weight loss and nitrogen consumption. They help
modulate immuno-dysfunction associated with
surgical stress [19]. Kitawaga et al [20] reported
preoperative immunonutrition suppressed the elevation of the TNF-α level after thoracoscopic esophagectomy. Sakuri et al [19] reported immunonutrition caused a significant increase in the total
lymphocyte count and caused a shift toward B cell
proliferation in EC patients. These findings support
the benefits of immunonutrition in improving the
immune and inflammation indexes in EC.
Several meta-analyses have shown immunonutrition is efficient in reducing postoperative complications in patients with gastric cancer and colorectal cancer [8,21]. However, in our meta-analysis
its superiority was not statistically significant. But
we should not overlook the value of the immunonutrition in other aspects. Mutsuda, et al [13]
showed the patients in the immunonutrition group
had a higher postoperative oxygenation. Ryan et al
[10] showed a better control of body weight loss,
while Ohkura et al [22] found a significant higher
JBUON 2021; 26(1): 208

rate of completion of enteral nutrition in the immunonutrition group. These benefits or strengths
brought by the immunonutrition should be emphasized and further studied.
To our knowledge, this was the most informative meta-analysis comparing the efficacy of immunonutrition with the standard nutrition in reducing
the postoperative complications in patients undergoing esophagectomy for EC. It enrolled six RCTs
providing high level of evidence on this topic and
it didn’t show a statistically significant difference
between immunonutrition and standard enteral
nutrition in reducing the postoperative complications. Limited studies provide the data on immunological or inflammatory indexes, so we failed to run
a meta-analysis on these indexes. Future studies
focusing on severe malnutrition patients may highlight the efficacy of immunonutrition in reducing
postoperative complications in EC. Other advantages of immunonutrition, such as a higher rate
of completion of enteral nutrition, less body loss
weight and so on are needed to be further proved
and the data on immune and inflammatory index
are also in great need.

Immunonutrition vs. enteral nutrition

Conclusion
In this meta-analysis, immunonutrition didn’t
show superiority in reducing the postoperative
complication in EC patients when comparing with
the standard enteral nutrition. This result needs
to be further studied, while the high tolerance and
other advantages brought by the immunonutrition
should not be overlooked.

Author’s contribution
Ze-Guo Zhuo and Jun Luo collected data and
drafted the manuscript. Gang Li and Tie-Niu Song

209

analyzed the data under the guidance of Han-Yu
Deng. Gu-ha Alai and Xu Shen found the full-texts
of relevant studies. Yi-Dan Lin designed the study
and revised the manuscript. All authors read and
approved the final manuscript. We sincerely thank
all the authors of the original articles for their efforts in this area.
This work was supported by National Natural
Science Foundation of China (81672291, 31071210
to Y.-D. Lin).

Conflict of interests
The authors declare no conflict of interests.

References
1.

Ajani JA, D’Amico TA, Almhanna K et al. Esophageal
and esophagogastric junction cancers, version 1.2015.
J Natl Comprehensive Cancer Network 2015;13:194227.

2.

Peng J, Cai J, Niu ZX, Chen LQ. Early enteral nutrition
compared with parenteral nutrition for esophageal
cancer patients after esophagectomy: a meta-analysis.
Dis Esophagus 2016;29:333-41.

3.

Hirahara N, Tajima Y, Fujii Y et al. Preoperative Prognostic Nutritional Index Predicts Long-Term Surgical
Outcomes in Patients with Esophageal Squamous Cell
Carcinoma. World J Surg 2018;42:2199-208.

12. Sakurai Y, Masui T, Yoshida I et al. Randomized clinical trial of the effects of perioperative use of immuneenhancing enteral formula on metabolic and immunological status in patients undergoing esophagectomy.
World J Surg 2007;31:2150-7.

4.

Quyen TC, Angkatavanich J, Thuan TV, Xuan VV, Tuyen LD, Tu DA. Nutrition assessment and its relationship with performance and Glasgow prognostic scores
in Vietnamese patients with esophageal cancer. Asian
Pac J Clin Nutr 2017;26:49-58.

13. Matsuda Y, Habu D, Lee S, Kishida S, Osugi H. Enteral Diet Enriched with omega-3 Fatty Acid Improves
Oxygenation After Thoracic Esophagectomy for Cancer: A Randomized Controlled Trial. World J Surg
2017;41:1584-94.

5.

Mariette C, De Botton ML, Piessen G. Surgery in esophageal and gastric cancer patients: what is the role
for nutrition support in your daily practice? Ann Surg
Oncol 2012;19:2128-34.

6.

Mabvuure NT, Roman A, Khan OA. Enteral immunonutrition versus standard enteral nutrition for patients
undergoing oesophagogastric resection for cancer. Int
J Surg 2013;11:122-7.

14. Kitagawa H, Namikawa T, Yatabe T et al. Effects
of a preoperative immune-modulating diet in patients with esophageal cancer: a prospective parallel
group randomized study. Langenbeck’s Arch Surg
2017;402:531-8.

7.

Bharadwaj S, Trivax B, Tandon P, Alkam B, Hanouneh
I, Steiger E. Should perioperative immunonutrition
for elective surgery be the current standard of care?
Gastroenterol Rep 2016;4:87-95.

8.

Cheng Y, Zhang J, Zhang L, Wu J, Zhan Z. Enteral immunonutrition versus enteral nutrition for gastric
cancer patients undergoing a total gastrectomy: a systematic review and meta-analysis. BMC Gastroenterol
2018;18:11.

9.

Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement. BMJ 2009;339:b2535.

10. Ryan AM, Reynolds JV, Healy L et al. Enteral nutrition
enriched with eicosapentaenoic acid (EPA) preserves

lean body mass following esophageal cancer surgery:
Results of a double-blinded randomized controlled
trial. Ann Surg 2009;249:355-63.
11. Healy LA, Ryan A, Doyle SL et al. Does Prolonged Enteral Feeding with Supplemental Omega-3 Fatty Acids
Impact on Recovery Post-esophagectomy. Ann Surg
2017;266:720-8.

15. Mudge LA, Watson DI, Smithers BM, Isenring EA,
Smith L, Jamieson GG. Multicentre factorial randomized clinical trial of perioperative immunonutrition versus standard nutrition for patients undergoing
surgical resection of oesophageal cancer. Br J Surg
2018;105:1262-72.
16. Wilmore DW. Metabolic response to severe surgical
illness: overview. World J Surg 2000;24:705-11.
17. Wray CJ, Mammen JM, Hasselgren PO. Catabolic response to stress and potential benefits of nutrition
support. Nutrition 2002;18:971-7.
18. Abunnaja S, Cuviello A, Sanchez JA. Enteral and parenteral nutrition in the perioperative period: state of
the art. Nutrients 2013;5:608-23.
19. Sakurai Y, Masui T, Yoshida I et al. Randomized clinical trial of the effects of perioperative use of immuneenhancing enteral formula on metabolic and immunoJBUON 2021; 26(1): 209

Immunonutrition vs. enteral nutrition

210

logical status in patients undergoing esophagectomy.
World J Surg 2007;31:2150-7; discussion 8-9.

on colorectal cancer patients undergoing surgery: a
meta-analysis. Int J Colorectal Dis 2018;33:273-83.

20. Kitagawa H, Namikawa T, Yatabe T et al. Effects
of a preoperative immune-modulating diet in patients with esophageal cancer: a prospective parallel
group randomized study. Langenbeck’s Arch Surg
2017;402:531-8.

22. Ohkura Y, Ueno M, Shindoh J, Iizuka T, Udagawa H.
Randomized controlled trial on efficacy of oligomeric
formula (HINE E-GEL(R)) versus polymeric formula
(MEIN(R)) enteral nutrition after esophagectomy for
esophageal cancer with gastric tube reconstruction.
Dis Esophagus 2018;0:1-10.

21. Xu J, Sun X, Xin Q et al. Effect of immunonutrition

JBUON 2021; 26(1): 210

