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Background: In recent years, immunonutrition has been introduced and proposed to have a positive 
modulatory effect on inflammatory and immune responses and gut function for surgical patients, especially 
for patients undergoing gastrointestinal cancer resection. We conducted this parallel-group, randomized 
and double-blind clinical controlled trial to investigate the efficacy of perioperative enteral immunonutrition 
(EIN) on clinical and immunological outcomes of patients undergoing esophageal resection.
Methods: A randomized, parallel-group, double-blind, clinical trial was conducted between December 1, 
2017 and March 1, 2018. This study enrolled 120 patients with esophageal cancer. And 112 patients were 
divided into two groups randomly: EIN group and enteral nutrition (EN) group. The EIN contained extra 
immunonutritional substrates, including a consistent combination of arginine, RNA and the omega-3 fatty 
acids compared with EN. Immune indicators were measured at preoperative day 7, postoperative day (POD) 
1, 3, 7 and post-discharge day (PDD) 30.
Results: There were 56 participants randomized to each group. Finally, 53 patients in EIN and 50 patients 
in EN were analyzed. Immune indicator was the primary outcome in this study. EIN yielded a significantly 
lower rate of CD8/CD3 (%) at POD 3 compared with EN group (P=0.005). The rate of CD4/CD8 (%) in 
EIN group was higher than that in EN group at POD3 (P=0.004). The serum levels of IgM at POD 3 and 7 
were significantly higher in EN group compared with EIN group (P=0.025 and P=0.009, respectively). The 
rate of NK (%) and the serum level of IgA were significantly higher in EIN group compared with EN group 
at PDD 30 (P=0.022 and P=0.041, respectively). No significant differences were found in 2-year progression-
free survival and overall survival.
Conclusions: Immunonutrition is a safe and feasible nutritional treatment, which has a positive 
modulatory impact on immune responses after esophagectomy. Although no significant difference was found 
in clinical and survival outcomes between EIN and EN groups, immunonutrition could still have a positive 
effect on immunological function of patients undergoing esophagectomy.
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Introduction

Esophageal cancer is the sixth most common cause of 
death from cancer and the eighth most common malignant 
tumor worldwide (1). The 5-year overall survival rate of 
esophageal cancer is about 15–34%, which remains poor (2). 
Surgery is still considered to be the preferred therapeutic 
option for patients with resectable esophageal cancer (3). 
Unsatisfactory clinical outcomes remain the problems 
due to the high rates of postoperative complications and 
morbidity, although the rapid improvements were seen in 
the surgical techniques (4). Meanwhile, such complications 
can apparently slow recovery, increase the duration of ICU 
and hospital stay, and ultimately rise the healthcare costs (5).

Appropriate nutrition supplement has been regarded 
as an important treatment to enhance the recovery of 
the patients who underwent esophagectomy (6). Enteral 
nutrition (EN) support was proved to be more effective and 
economical with lower rate of complications compared with 
paraenteral nutrition (PN), reported by several studies (7-
9). In recent years, immunonutrition has been introduced 
and proposed to have a positive modulatory effect on 
inflammatory and immune responses and gut function 
for surgical patients, especially for patients undergoing 
gastrointestinal cancer resection (10,11). Over the past 
years, there have been standard artificial immunonutrition 
products enriched in nutrients developed to stimulate the 
host immune function, moderate the inflammatory response 
and increase nitrogen balance and protein synthesis after 
major surgery (12). The immune-modulating substances 
including arginine, omega-3-fatty acids (ω-3FA), ribose 
nucleic acid (RNA) were added to EN supplement to 
form enteral immunonutrition (EIN) (13-15). Although 
there have been some studies completed to investigate 
the impacts of EIN compared to standard EN in patients 
undergoing esophagectomy, it remains unclear that the EIN 
is feasible for improving the clinical and immunologic status 
compared with standard EN (15). In a published meta-
analysis (16), only six articles were included and two articles 
contained immunological outcomes. According to the result 

of this meta-analysis, whether EIN could improve the 
clinical outcomes or biological status after esophagectomy 
compared to standard EN is uncertain. Therefore, it is still 
controversial to consider immunonutrition as a standard 
nutritional support in major esophageal surgery. We 
conducted this parallel-group, randomized and double-
blind clinical controlled trial to investigate the efficacy of 
preoperative and postoperative EIN versus EN on clinical 
and immunological outcomes of patients undergoing 
esophagectomy. We present the following article in 
accordance with the CONSORT reporting checklist 
(available at http://dx.doi.org/10.21037/apm-20-1399). 

Methods

A randomized, parallel-group, double-blind, clinical trial 
was conducted between December 1, 2017 and March 
1, 2018 at the Department of Cardiothoracic Surgery of 
Jingling Hospital. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and the 
Harmonized Tripartite Guideline for Good Clinical Practice 
from the International Conference on Harmonization. 
This study was reviewed and approved by the Institutional 
Review Board of the Jingling Hospital (approval number 
ChiCTR1800015951). All patients enrolled completed the 
informed consent form. There were 120 patients enrolled 
in this research after a power calculation, and 8 patients 
were excluded due to not progressing to surgery and not 
meeting the inclusion criteria. Exclusion criteria included: 
(I) inability to swallow; (II) a history of allergy to milk 
or soy; (III) acute or unstable cardiac conditions (e.g., 
unstable angina or symptomatic severe aortic stenosis); (IV) 
cardiac failure (New York Heart Association functional 
classes III and IV); (V) severe renal dysfunction, chronic 
obstructive pulmonary disease (forced expiratory volume 
in the first second of expiration <60% predicted); (VI) liver 
dysfunction, or (VII) acute pancreatitis. The study protocol 
was explained to the patients with detail and informed 
consent were obtained from all the patients.

There were 112 patients randomly divided into two 
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groups before operation (EIN group or EN group). A 
computer random number generation was used to do the 
randomization. The patient was allocated to the EIN group, 
if an even number was generated. Otherwise, the patient 
was allocated to the EN group. Care givers, participants 
and those assessing the outcomes were blinded to group 
assignment. The main surgeons (Yi Shen, XiaoKun Li, Yong 
Qiang), statisticians (Wen-Jie Wu, Hai Zhou), and care 
givers (nurses) were unaware of the group assignments. Only 
the nutritionist (Yang Xu) who was the third part of the 
research known the nutritional intervention of participants. 
Double-blind was performed in this RCT, during which 
immunonutrition and standard nutrition supplement were 
both sponsored by the same industry (Nutricia) with same 
color and taste, while the EN in EIN group contained 
extra immunonutritional substrates, including a consistent 
combination of arginine, RNA (dietary nucleotides), and 
the omega-3 fatty acids (O3FA) compared with EN group. 
All the components except the extra immunonutritional 
substrates were exactly the same between two groups. 
The cost of immunonutritional substances and EN 
were sponsored by the Nutricia as compensation for 
the participants. The nutritional supplement of two 
groups was based on the clinical nutrition guidelines in 
surgery introduced by ESPEN, including preoperative, 
postoperative and prolonged one-month home EN (17-20). 
After surgery, all patients were followed up every 3 months 
in the first 1 year, and then every 6 months thereafter. Our 
follow-ups were conducted through out patient department 
visit. If the patient could not return to our hospital for 
the follow-up, we would advise the patient to perform the 
same assessments at local medical institutions or by phone 
visit. Whenever recurrence was suspected, we attempted 
to obtain histological or unequivocal radiological proof. 
Survival outcomes consisting of overall survival (OS, defined 
as the time between surgery and death from any cause) and 
disease-free survival (DFS, defined as the duration between 
surgery and recurrence of the disease or the death due to 
disease progression). The last follow-up was implemented 
in March 1, 2020. 

Nutritional protocol

In addition to oral diet, oral nutrition or immunonutrition 
supplement of 500 mL/day via oral intake was implemented 
in all patients before surgery. EIN or EN (Peptisorb, 
Nutricia) was infused via jejunostomy tube by using an 
enteral feeding pump (Flocare® Infinity pump, Nutricia). 

The volume of EIN and EN is 500 mL/bottle. A bottle 
(500 mL) of EIN and EN both contain calorie 375 kcal, 
protein 16 g, carbohydrate 126 g. The EIN contains 
additional immunonutritional substance including arginine 
(0.13 g/100 mL), RNA (dietary nucleotides), and enriched 
omega-3 fatty acids (O3FA: 4% alpha linolenic acid, 
1.2% eicosapentaenoic acid, and 0.8% docosahexaenoic 
acid). The energy of 23–30 kcal/kg for postoperative days 
(PODs) was calculated as the patients’ non-protein energy 
requirements by performing Henry Oxford equations (21). 
The protein of 1.2–1.5 g/kg for PODs was estimated to 
meet the protein and nitrogen requirement. Meanwhile, 
adverse reactions such as diarrhea, bloating and vomiting 
were avoided maximumly by combining the clinical 
experience of clinicians.

Table 1 show the nutritional support protocol in 
our institution. The immunonutrition and EN were 
commenced on pre-operative day 7 by 500 mL/day via 
oral intake with energy of 750 kcal/day in addition to diet 
before surgery. Jejunal enteral feeding was commenced on 
POD 1 at 20–25 mL/hour. Oral feeding resumed following 
bedside assessment of swallow for patients who underwent 
esophagectomy with cervical anastomosis at PODs 5, 
meanwhile liquid diet was implemented by oral intake 
with 100–200 g. From that time, patients recommenced a 
graded introduction to diet from sips to free fluids, light 
diet (soup/jelly/ice-cream) by day 6. Patients of HEN were 
instructed to independently administer jejunostomy feeding 
at home if discharge and jejunostomy tubes were removed 
at post-discharge day (PDD) 30 uniformly. The patients 
were regarded as lost for follow-up, if their jejunostomy 
tubes were removed after surgery and before PDD30 due to 
complications or other reasons.

The discharge criteria were listed as follows: patients 
can move autonomously and be able to consume soft diet 
by oral intake; no fever and other complications; adequate 
pain control with oral analgesics; chest tube(s) and other 
surgical drainages were removed. On 30 days’ follow-up 
after discharge immune status of patients were measured.

Surgical methods

All the patients who received esophagectomy, which 
comprised open surgery, video-assisted thoracic surgery 
(VATS), and robot-assisted thoracic surgery (RATS), 
underwent McKeown esophagectomy with cervical 
anastomosis. During VATS and RATS, the mediastinum 
was dissected from the diaphragm to the apex of the chest 
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Table 1 Nutritional support pathway

Days Enteral immunonutrition in EIN group or enteral nutrition in EN group

1
250 mL ONS by 20–25 mL/hour via jejunostomy tube

Amino acids of 1.5 g/kg and energy of 23–30 kcal/kg provided by PN

2
500–750 mL ONS by 25–35 mL/hour via jejunostomy tube

Amino acids of 1.0 g/kg and energy of 20 kcal/kg provided by PN

3
Giving EN support of 500–1,000 mL ONS according to the patient weight by 30–45 mL/hour via jejunostomy tube

Amino acids of 1.0 g/kg and energy of 15 kcal/kg provided by PN

4
800–1,200 mL ONS by 45–60 mL/hour via jejunostomy tube

Amino acids of 0.8 g/kg and energy of 10 kcal/kg provided by PN

5
Water soluble 100–150 g by oral intake 

1,200–1,800 mL ONS by 60–80 mL/hour via jejunostomy tube

6
Light diet (soup/ jelly/ ice-cream) 100–200 g by oral intake

1,500–1,800 mL ONS by 60–80 mL/hour via jejunostomy tube

7~

Light diet (soup/ jelly/ ice-cream) 200-300 g by oral intake

1,500–2,000 mL ONS by 70–90 mL/hour via jejunostomy tube

The patients were instructed to administer jejunostomy feeds independently at home (after discharge)

From discharge to 1 
month

Light diet was introduced at the first week and normal diet was introduced after first week, with ONS of 500 mL/day 
via jejunostomy tube or oral intake

30 Measurement of immune indicators

EIN, enteral immunonutrition; EN, enteral nutrition; ONS, oral nutrition supplement; PN, parenteral nutrition.

with gentle separation of fat, nodes, the azygos vein, and 
the esophagus. The thorax was then closed with the patient 
placed in a supine position. The abdomen was explored 
through a midline incision, and the right gastric and right 
gastroepiploic arteries were preserved to provide vascular 
supply to the gastric tube, and fat and nodes along the 
celiac trunk and the upper part of the abdominal aorta were 
removed. After the gastric tube was created, the jejunostomy 
tubes were inserted through the left upper abdomen into 
the jejunum. To expose the operative field, the patient was 
laid in a supine position with the neck extended at the very 
beginning and the head turned to the right afterward. An 
oblique incision was made through the skin and muscles on 
the left side of the neck, and the prepared gastric tube was 
gently pulled up with the specimen through the posterior 
mediastinum and removed to the neck. Finally, the 
esophagus was resected and the anastomosis was sutured. 
The open operation started with a left thoracotomy, after 
which the esophagus was divided gently from the diaphragm 
to the apex of the chest. The stomach was explored 

through an incision in the left diaphragm and a gastric tube 
was created, followed by the same VATS and the RATS 
procedures. 

Clinical variables

The patient characteristics, including sex, age, BMI, 
preoperative complications, preoperative thoracic 
complications, receipt of neoadjuvant chemotherapy, 
operation time, type of operation, operative blood loss, 
pathological stage according to Union for International 
Cancer Control (UICC) and postoperative hospital stay, 
were recorded. The postoperative infectious complications 
such as pneumonia, surgical site infection and anastomotic 
leakage and postoperative complications classified according 
to Clavien-Dindo were also collected. 

Immune indicators

Immune parameters, which were the primary outcomes, 
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were measured at preoperative day 1, 5, 7 and at PDD 30. 
The proportion and number of T-cells, T-cell subsets and 
NK (natural killer) cells were recorded. Immunoglobulin 
G, M and A (IgG, IgM and IgA) were also included. 
Meanwhile, the level of interleukin-6 (IL-6) and C-reactive 
protein (CRP) were measured. The immunological 
markers were selected according to the previous studies 
associated with immunonutrition in patients undergoing 
esophagectomy (12). The proportion of lymphocyte can 
reflect the cellular immunity and the immunoglobulins can 
reveal the status of humoral immunity. The inflammatory 
biomarkers including CRP and IL-6 were also chosen as 
immunological markers in this study.

Statistical analysis

A power calculation was performed prior to start of the trial. 
A preliminary test including 60 patients in our institution 
was completed to make an estimation. On the basis of 
this estimation, the level of IgG in EIN group increased 
1.52±1.95 g/L (mean ± standard deviation) at PDD30 and the 
level of IgG in the patients of EN group increased 0.42g/L  
(mean) at PDD30. A sample size of 50 participants per 
group for 0.8 power was required to detect the assumed 
difference between means with a 0.05 significant level. 
20% discontinue treatment and/or loss to follow-up was 
assumed for each group. Finally, a sample size of 60 subjects 
was determined in each group. R 3.6.1 software was 
implemented to calculate the sample size. The continuous 
data are presented as the mean ± standard deviation (SD). 
The differences of continuous variables between two groups 
were assessed using Student’s t-test or repeated measures 
two-way ANOVA. Pearson’s χ2 or Fisher’s exact tests were 
conducted to compare the categorical variables between 
two groups. Overall survival (OS) and progression-free 
survival (PFS) were determined by Kaplan-Meier actuarial 
analysis and log-rank tests were implemented to analyze the 
differences of survival curves between two groups. P<0.05 
was considered statistically significant. Statistical program 
SPSS 21.0 software (SPSS, Chicago, IL) was employed to 
analyze the data.

Results

There were 120 patients assessed for eligibility. Three 
patients not meeting inclusion criteria, 2 patients declining 
to participate, 2 patients being unable to attend clinic and 1 
missing in preadmission clinic were excluded. There were 

56 patients randomized into each group, respectively. One 
randomized patient in EIN group and 2 in EN group were 
withdrawn because of their incorrect intervention. There 
were 55 patients receiving allocated intervention in EIN and 
54 in EN. Until PDD30 after surgery, skin inflammation 
occurred in 2 patients in EIN group and 2 in EN group 
occurred. Their jejunostomy tubes were then removed, 
which was considered as discontinued intervention. Another 
2 patients in EN group were lost for follow-up due to one 
unable to be contacted and another withdrawing consent. 
Finally, 53 patients in EIN and 50 patients in EN were 
retained for final analysis at PDD30 (Figure 1).

Table 2 displayed the baseline characteristics of the 
participants enrolled in this study. No significant differences 
were seen in sex, age, BMI, incidence of hypertension, 
diabetes, and preoperative thoracic complications, 
pathological stage or receipt of neoadjuvant chemotherapy 
between the EIN group and EN group.

Table 3 demonstrated the operative data and short-term 
clinical outcomes. The differences in operation time, type 
of operation, or operative blood loss between two groups 
were not significant. As to short-term clinical outcomes, 
no significant differences were found in the incidence of 
postoperative complications (12 in EIN group and 11 in 
EN group) or postoperative hospital stay between the 
two groups. EIN group yielded a lower rate of infectious 
complications compared with EN group (EIN: 15% and 
EN: 22%, P=0.45) but no significant difference was found 
between EIN group and EN group. Meanwhile, there were 
no significant differences in the incidence of pneumonia, 
surgical site infection or anastomotic leakage (P=0.76, 
P=0.52 and P=0.71, respectively). The differences between 
two groups in adverse events, such as bloating, diarrhea and 
vomiting, were also not significant.

Immune parameters were shown in Table 4. The serum 
indicators were all collected at PRD 7, POD 1, 3, 7 and 
PDD 30. Comparing the baseline serum level between two 
groups, no significant differences were found in immune 
indicators at PRD 7 between two groups. EIN group 
yielded a significantly lower rate of CD8/CD3 (%) at POD 
3 compared with EN group (P=0.005). Overall, the rate of 
CD8/CD3 (%) in the EIN group tended to be higher than 
that in the EN group (P=0.069; Figure 2). The EIN group 
yielded a higher rate of CD4/CD8 (%) compared with 
EN group at POD3 (P=0.004). The serum levels of IgM at 
POD 3 and 7 in EN group were significantly higher than 
those in EIN group (P=0.025 and P=0.009, respectively). 
Overall, EIN group yielded a lower IgM level compared 
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Figure 1 Flowchart. EIN, enteral immunonutrition; EN, enteral nutrition.

Assessed for eligibility (n=120)

Randomized into two groups (n=112)

Excluded (n=8)
• Not meeting inclusion criteria (n=3)
• Declined to participate (n=2)
• Other reasons (n=3)

Allocated to EIN group (56)
• Received allocated intervention (n=55)
• Did not receive allocated intervention 
(incorrect intervention) (n=1)

• Lost for follow-up (n=0)
• Discontinued intervention  
(jejunostomy tube was removed due to 
skin inflammation) (n=2)

Allocated to EN group (56)
• Received allocated intervention (n=54)
• Did not receive allocated intervention 
(incorrect intervention) (n=2)

• Lost for follow-up (unable to contact or 
withdraw consent) (n=2)
• Discontinued intervention  
(jejunostomy tube was removed due to 
skin inflammation) (n=2)

Analyzed (n=54)
• Excluded from analysis (n=0)

Analyzed (n=53)
• Excluded from analysis (n=0)

Enrollment

Allocation

Follow-up

Analysis

with EN group (P=0.034; Figure 3). The rate of NK (%) 
and the serum level of IgA were significantly higher in EIN 
group compared with EN group at PDD 30 (P=0.022 and 
P=0.041, respectively).

There was no significant difference in 2-year OS 
comparing two groups (2-year overall survival rate: 74.7% 
and 69.2%, respectively; Log-rank P=0.45) (Figure 4). 
Meanwhile, no significant difference was found in 2-year 
PFS (2-year progression-free survival rate: 67.0% and 
63.0%, respectively; Log-rank P=0.59) (Figure 5).

Discussion

Esophageal cancer, characterized as a common malignant 
tumor, has been associated with impairment of low immune 
function (22). Meanwhile, the surgical trauma would cause 
further decrease in immune function after operation, 
making the residual tumor cells easily escape from immune 
surveillance. This could finally result in the early relapse of 
cancer (23). Some randomized control trials suggested that 
patients may benefit from EIN before or after resectional 
surgery (10-12). Furthermore, ESPEN guideline strongly 
recommend the use of immune-nutrition for major cancer 
surgery, which was based mostly on randomized controlled 

studies on total gastrectomy for gastric carcinoma (17). 
Therefore, the patients undergoing esophagectomy may also 
benefit from the addition of immune-enhancing compounds 
in enteral feeding due to their impaired immune response. 
Arginine, ω-3FA and RNA are the most common immune-
modulating substances added to enteral feeds. Arginine is 
characterized as a precursor to nitric oxide synthesis, which 
becomes essential amino acid during recovery and growth 
after injury (11). Omega-3 fatty acids have the ability to 
modulate the synthesis of various eicosanoids by exerting 
immunomodulatory, vasodilatatory, and anti-inflammatory 
properties (12). RNA nucleotides are considered to 
play an important role in the immune response since 
RNA nucleotide-deficient diets have resulted in the 
diminished T-cell responses and decreased production of  
interleukin-2 (10). However, the clinical efficacy of EIN for 
patients undergoing esophagectomy was still controversial, 
although the immune-related compounds might have 
theoretical benefits. Since only 6 randomized controlled 
trials were conducted to determine the efficiency of 
immunonutrition for patients undergoing esophagectomy. 
And only 5 out of the 6 studies investigated the serum level 
of immune indicators perioperatively. However, no studies 
reported the rate of nature-killer cell and only one study 
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Table 2 Clinical characteristics

Variables EIN EN P value

Cases 53 50

Age (year) 62.13±6.51 61.52±5.97 0.62

Sex 0.82

Male 36 35

Female 17 15

BMI 23.55±3.26 23.65±4.10 0.89

Diabetes 0.57

Yes 6 4

No 47 46

Hypertension 0.55

Yes 5 7

No 48 43

Preoperative thoracic complications 0.61

Yes 1 2

No 52 48

Receipt of neoadjuvant chemotherapy 0.58

YES 9 6

No 44 44

Pathological stage (UICC) 0.9

I 14 11

II 23 22

III 12 14

IV 4 3

BMI, body mass index; UICC, Union for International Cancer 
Control; EIN, enteral immunonutrition; EN, enteral nutrition.

investigated the serum level of immunoglobulin.
The study of Satoshi Aiko et al. (12) demonstrated that 

EN group yielded significantly higher IL-8 level on POD5. 
EIN group yielded a significantly larger proportion of 
T-cells on POD 1 and 7 and smaller proportion of B-cells 
on POD 1 compared with EN group. However, there 
was no significant difference in the NK-cell (%) between 
EN group and EIN group. Ryan et al. (14) reported that 
IL-8 levels were significantly (P<0.05) lower on POD 7 
and 14 in the EIN group. Kitagawa et al. (11) reported 
that the TNF-α levels in the EN group were significantly 
higher than those in the EIN group (P=0.033). The study 
of Sakurai et al. (13) showed that the total peripheral 

lymphocyte counts, the percent lymphocyte fraction, and 
the percentage of B-cell fraction in the EIN group at  
3≤ day ≤7 after operation was significantly higher than 
those in the EN group, while the EIN group yielded 
a significantly lower percentage of T-cell fraction at 
3 day after operation compared with EN group. For 
immunoglobulin, the serum level of IgG in the EIN group 
at POD3 was significantly higher than that in EN group. 
Only the study of Kanekiyo et al. (10) compared the FPS 
and OS between two groups, and no significant differences 
were found in overall survival and progression-free survival 
outcomes (P=0.19 and P=0.13, respectively).

Our findings indicate that the infectious complications 
were less common in the EIN group. However, these 
differences did not reach statistical significance, which 

Table 3 Surgical data and postoperative clinical outcomes

Characteristics EIN EN P value

Cases 53 50

Type of operation 0.78

RATS 12 9

VATS 37 38

Open operation 4 3

Operation time 214.98±54.63 209.88±51.33 0.63

Operative blood loss (mL) 108.23±61.75 113.64±65.14 0.67

Postoperative complications 0.56

Minor (CDC Grade II) 7 6

Major (CDC Grade III) 5 4

Major (CDC Grade IV) 0 1

Infectious complications 8 11 0.45

Pneumonia 5 6 0.76

Surgical site infection 4 6 0.52

Anastomotic leakage 3 4 0.71

Adverse events 20 18 0.55

Bloating 13 15 0.66

Diarrhea 6 4 0.74

Vomiting 7 4 0.53

Postoperative hospital 
stay

13.34±5.94 14.37±7.28 0.43

RATS, robot-assisted thoracic surgery; VATS, video-assisted 
thoracic surgery; EIN, enteral immunonutrition; EN, enteral 
nutrition.
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Table 4 Immune indicators

PRD7 POD1 POD3 POD7 POD30 P value

CD3 (/µL) 0.33

EIN 64.26±9.22 49.84±10.12 55.24±9.29 60.11±6.75 65.35±7.37

EN 65.85±8.76 48.23±11.85 58.42±14.47 62.81±9.57 65.99±6.48

CD4 (%) 0.58

EIN 40.65±9.33 27.44±9.34 34.85±7.50 38.26±6.00 38.15±9.50

EN 38.88±8.97 29.87±5.86 32.31±9.04 38.56±8.29 38.63±6.85

CD8 (%) 0.069

EIN 23.12±7.45 19.75±8.12 17.96±7.55** 20.33±5.95 26.00±7.66

EN 23.01±9.21 21.22±11.85 23.81±12.52** 22.54±9.30 26.21±11.47

CD4/CD8 0.51

EIN 2.01±0.74 1.65±0.87 2.49±1.61** 2.14±1.06 1.62±0.66

EN 2.06±1.43 1.81±3.94 1.73±0.82** 2.11±1.23 1.95±1.33

NK (%) 0.54

EIN 17.75±9.46 21.65±9.75 17.50±6.33 15.85±7.93 19.40±7.02*

EN 18.10±7.02 20.19±10.38 15.00±9.09 14.13±9.21 15.83±8.49*

IgG (g/L) 0.25

EIN 12.38±2.83 9.91±2.14 9.07±2.04 9.44±3.26 13.22±3.77

EN 11.68±1.68 9.71±1.81 8.71±1.81 8.90±1.55 12.62±2.75

IgM (g/L) 0.034

EIN 0.97±0.32 0.88±0.23 0.65±0.25* 0.87±0.28** 1.04±0.38

EN 1.04±0.31 0.94±0.28 0.76±0.24* 1.06±0.43** 1.07±0.33

IgA (g/L) 0.32

EIN 2.14±0.32 1.86±0.42 1.68±0.52 1.93±0.54 2.42±0.82*

EN 2.15±0.41 1.94±0.64 1.58±0.52 2.00±0.69 2.11±0.69*

CRP (mg/L) 0.98

EIN 2.83±4.02 54.89±33.09 122.15±65.25 49.52±31.55 4.50±8.09

EN 2.60±3.97 61.26±26.44 115.32±59.14 54.33±40.14 7.26±11.92

IL-6 (pg/mL) 0.42

EIN 6.29±3.57 210.37±120.21 56.47±47.97 25.85±14.23 3.88±2.18

EN 6.53±4.15 201.25±147.20 62.34±45.92 23.22±16.45 4.49±3.52

*, P<0.05; **, P<0.01 (Student’s t-test). P value (repeated measures two-way ANOVA). PRD, preoperative day; POD, postoperative day; 
PDD, Post-discharge day; IgG, immunoglobulin G; IgM, immunoglobulin M; IgA, immunoglobulin A; NK, natural killer; IL-6, interleukin-6; 
CRP, C-reactive protein.

may be due to the small number of subjects enrolled in 
this study. In our study, the rate of CD8 in EIN group is 
significantly lower than that in EN group, which result in 

a decreasing rate of CD4/CD8 in EIN group at POD3. 
Meanwhile, the rate of CD4 in EIN group tended to be 
higher than that in EN group (P=0.12) at POD3, though 
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there was no significant difference. The results imply that 
EIN group may yield a better humoral immunity, while EN 
group might yield a more active cellular immunity. On the 
same day, the rate of NK cell in EIN group tended to be 
higher than that in EN group (P=0.11), which indicate that 
EIN may yield a better nonspecific cellular immunity. The 
levels of IgM in EN group were significant higher than that 
in EIN group at POD 3 and 7. IgM is characterized as the 
earliest immunoglobulin increasing in the recent infection, 
which reflects inflammatory responses in humanity. The 
increasing level of IgM in EN group could due to the 
higher incidence of infectious complications in EN group 
compared with EIN group, which indicate that EIN may 
have a positive modulatory effect on inflammatory responses 
and improve short-term outcomes (10). The EIN group 

yielded a significantly higher rate of NK cell and the level 
of IgA at POD30 compared with EN, which demonstrate 
that EIN may yield a better nonspecific cellular immunity 
and gut function at POD30 since IgA is the main antibody 
in mucosal infection (24). According to the results of 
repeated measures two-way ANOVA, only the level of IgM 
in EIN group overall tended to be lower than that in EN 
group (P=0.034). Overall, the rate of CD8 in EIN group 
tended to be less than that in EN group. In conclusion, 
EIN yields a better humoral immunity before POD7, while 
EN yields a better specific cellular immunity. However, a 
more active nonspecific cellular immunity can be found 

Figure 2 Continuous values are presented as means ± SD. 
Overall, percentages of CD8 (%) in the EIN group were tended 
to be lower than those in the EN group (P=0.069); EIN, enteral 
immunonutrition; EN, enteral nutrition. 

Figure 4 Overall survival. Two-year overall survival rate: 
74.7% and 69.2%, respectively; Log-rank P=0.45; EIN, enteral 
immunonutrition; EN, enteral nutrition.

Figure 3 Continuous values are presented as means ± SD. 
Overall, serum levels of IgM in the EIN group were tended to 
be lower than those in the EN group (P=0.034); EIN, enteral 
immunonutrition; EN, enteral nutrition; IgM, immunoglobulin M. 

Figure 5 Progression-free survival. Two-year progression-free 
survival rate: 67.0% and 63.0%, respectively; Log-rank P=0.59; 
EIN, enteral immunonutrition; EN, enteral nutrition. 
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in EIN group. At POD30, EIN may yield a better gut 
function due to the increasing level of IgA (24,25). The cost 
of immunonutritional substances and EN were sponsored 
by the Nutricia as compensation for the participants. 
Therefore, the cost-effect was not explored in this study.

Conclusions 

Immunonutrition is a safe and feasible nutritional 
treatment, which has a positive modulatory impact on 
immune responses after esophagectomy. Although no 
significant difference was found in clinical and survival 
outcomes between EIN and EN groups, immunonutrition 
could still have a positive effect on immunological function 
of patients undergoing esophagectomy.

Limitation

There were no significant differences in progression-free 
or overall survival between EIN and EN group, which may 
be due to the small number of subjects enrolled in the study 
and the short length of survival follow-up. Thus, a longer 
follow-up and larger number of cohorts were needed to 
investigate the feasibility and effect of immunonutrition in 
patients undergoing esophageal cancer resection.
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