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Introduction

Esophageal cancer (EC) is still one of the most common 
malignancies worldwide. In China, the crude incidence 
rate of EC was 278.07/100,000, and the crude mortality 
rate was 167.89/100,000 in 2014, both ranking first in the 

world (1). EC patients often have a problem swallowing 
(known as dysphagia), which, coupled with the tumor’s 
consumption, results in nutritional problems. Particularly, 
elderly EC patients have a weak ability to absorb nutrients, 
and dysphagia and surgical trauma further cause a sharp 
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decline in postoperative nutrition, immune function, and 
life quality. Focusing on the elderly patients with malignant 
esophageal tumors, we investigated the effects of home EN 
on postoperative nutritional status and immune function in 
these patients and explored its clinical values. We present the 
following article in accordance with the CONSORT reporting 
checklist (available at http://dx.doi.org/10.21037/apm-20-2197).

Methods

Subjects 

The Ruijin Hospital Shanghai Jiaotong University 
School of Medicine gave ethical approval. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised in 
2013). Because of the retrospective nature of the research, 
the requirement for informed consent was waived. 

Patients aged ≥60 years who underwent radical surgery 
for esophageal malignancies in our department from 
October 2016 to October 2018 were consecutively enrolled. 
All the subjects met the diagnostic criteria described in the 
Clinical Practice Guidelines for the Diagnosis and Treatment of 
Esophageal Cancer (2). 

The inclusion criteria were as follows: (I) an esophageal 
neoplasm is observed under electronic gastroscope and 
is pathologically confirmed as a malignant esophageal 
tumor; (II) preoperative cardiopulmonary function 
tests show no obvious abnormality, and the patient can 
tolerate the surgery; (III) preoperative contrast-enhanced 
phased computed tomography (CT), Doppler color 
ultrasonography, and/or PET-CT reveal that the clinical 
stage is below T3N0M0; and (IV) there is no history of 
diabetes, gastrointestinal disease, or gastrointestinal surgery; 
and (V) aged ≥60 years. 

The exclusion criteria included: (I) patients requiring 
radiochemotherapy with their postoperative pathological 
stage; (II) patients with digestion problems who cannot 
tolerate oral nutritional supplements, not improved after 
medication use; (III) patients who experience delayed 
discharge due to postoperative complications including 
anastomotic leak; (IV) patients who have mild anastomotic 
stenosis after surgery, which causes difficulty swallowing 
when eating regular diets; and (V) patients who have 
diabetes, metabolic diseases, and/or other gastrointestinal 
diseases may  cause nutritional disorders. 

According to the above inclusion and exclusion 
criteria, 64 subjects (including 56 men and eight women) 

were included in the first analysis. These subjects aged  
61–75 years, and squamous cell carcinoma was pathologically 
confirmed in all patients. After the operation, two patients were 
noted to have delayed anastomotic leaks, one patient developed 
severe diarrhea after using an enteral nutrition (EN) agent, and 
one patient could not eat regular diets due to postoperative 
anastomotic stenosis. These four subjects withdrew from our 
research. According to the random assignment principle after 
the operation, the remaining 60 patients were divided into the 
EN group (n=30) and the control group (n=30).

Intervention

All the included patients underwent radical surgery for EC 
by thoracic surgeons from the same treatment team following 
the Guidelines for Standardized Diagnosis and Treatment of 
Esophageal Cancer (2). Depending on tumor location, patients 
with upper EC were treated with thoracic laparoscopy 
combined with EC resection and neck anastomosis (known 
as McKeown procedure). Those with middle or lower 
EC were treated with a laparoscopically assisted two-field 
abdominal-thoracic operation (Ivor-Lewis procedure). 
During the operation, nasointestinal tubes were indwelled in 
all patients; on the first postoperative day, 250 mL of warm 
water was given through the nasointestinal tube to enable 
gut adaptation. EN was offered via the nasointestinal tube 
after the second postoperative day, and the caloric intake 
was gradually increased to 2,000 calories/day. On the 7th to 
10th postoperative days, a water-soluble contrast swallow 
was routinely performed for anastomosis assessment. If there 
was no anastomotic leak, the patients began to drink a small 
amount of water, then transitioned to a semi-liquid diet. The 
regular diet was offered to both groups after discharge; in 
the EN group, patients continued to receive EC (EnSure®, 
Abbott Laboratories, the Netherlands) daily with or between 
meals as we suggested, six standard scoops of EnSure were 
dissolved in 200–250 mL warm water before they were slowly 
orally swallowed. The frequency was no less than 6 times/day. 
Whether or not the patient in En group will continue to use 
enteral nutrition preparations after 8 weeks will be determined 
by each patient according to their own feeding status.

However, patients in the control group only received 
regular diets after discharge. The demographic data of 
all subjects were collected. Body fat index (BMI) and the 
Patient-generated Subjective Global Assessment (PG-SGA) 
score were measured before discharge and 4 and 8 weeks after 
discharge (weeks 4 and 8). PG-SGA scores, assessed by both 
patients and medical staff, can reflect nutritional status (3).  
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Also, hemoglobin, serum albumin, serum prealbumin, CD4, 
and CD8 T cell counts, and immunoglobulin (IgA, IgM, 
and IgG) levels were determined.

Collection of data and specimens

The PG-SGA form was distributed to the subjects one day 
before the assessment and collected the following morning. 
Patients with a PG-SGA score of 0–3 were regarded as non-
malnourished and those with a score of ≥4 as malnourished. 
The same group of medical staff obtained BMI data. At  
6 a.m., a nurse collected 10 mL of fasting peripheral venous 
blood from the patient to determine hemoglobin, serum 
albumin, serum prealbumin, CD4, and CD8 T cell counts 
immunoglobulin (IgA, IgM, and IgG) levels.

Statistical analysis

Statistical analysis was performed in the PASW Statistics 
18.0 software. All the samples were evaluated for normality, 
and all the parameters are presented with range. The 
normally distributed parameters are described as mean ± 
standard deviation. The measurement data were compared 
using the t-test for two independent samples; for count data, 
the rates were for the χ2 test on a fourfold table. A P value 
of less than 0.05 was statistically significant.

Results

Basic information

There were 25 males and five females in the EN group and 
27 males and three females in the control group. These two 

groups showed no statistical significance in sex composition, 
average age, surgical procedures, postoperative pathological 
type, postoperative pathological stage, and postoperative 
hospital stay (Table 1).

Nutritional status and immune function at discharge

Nutritional status and immune function showed no 
significant difference between EN and control groups at 
discharge (Table 2).

Nutritional status and immune function in weeks 4 and 8

In week 4, BMI, hemoglobin, serum albumin, serum 
prealbumin, and various cellular and humoral immune 
indicators were improved in the EN group (compared with 
those before discharge). PG-SGA revealed three patients 
in the EN group judged to be malnourished at discharge 
became non-malnourished in week 4. In the control group, 
the nutrition and immune indicators in week 4 were slightly 
lower than those at discharge, and only IgA and serum 
prealbumin were slightly improved compared with those 
before discharge. Also, one patient in the control group was 
newly identified as malnourished on the PG-SGA scale. 
Comparisons between these two groups in week 4 showed 
that the EN group had superior serum prealbumin levels 
to the control group, and the difference was statistically 
significant.

In week eight, all the nutrition and immune indicators 
were further improved in the EN group. As shown on the 
PG-SGA scale, there were only three malnourished patients 
in the EN group, and the proportion of patients with 

Table 1 General data in two groups

EN group (n=30) Control group (n=30)

Age (years) 70.37±7.58 69.53±9.49

Sex (female/male) 5:25 3:27

Ivor-Lewis procedure 24 25

McKeown procedure 6 5

Postoperative stage (n)

Stage IIB 5 4

Stage IIA 12 15

Stage IIB 13 11

Postoperative hospital stay (days) 11.5±2.58 12.7±2.87
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malnutrition was significantly lower than that in the control 
group. Furthermore, the EN group had superior BMI, 
serum prealbumin, serum albumin, and all immune markers 
to the control group, and the differences were statistically 
significant (Table 3).

After 8 weeks of observation, all the patients in the 
EN group well tolerated the use of enteral nutrition 
preparations. No patients in EN group had related adverse 
reactions and were unable to continue using enteral 
nutrition because of intolerance. We believe that the use of 
home EN in has shown satisfactory safety and feasibility. 

Discussion

EC is one of the most common malignant tumors of the 
digestive tract in China. Globally, there were about 500,000 
new EC cases diagnosed and 400,000 deaths from EC 
in 2012 (4). About 50% of the world’s EC incidence and 
mortality rates are noted in China (1,5). With an attempt to 
improve the surgical cure of EC in elderly patients, various 
minimally invasive and endoscopic surgical procedures 
for malignant esophageal tumors have been described 
in recent years, focusing on reducing complications and 
achieving rapid recovery (6-8). While some foreign studies 
have reported the nutritional support for recovery from 
surgery for EC in elderly patients (9), few Chinese articles 

have investigated this topic. In elderly patients with EC, 
the digestive system’s secretion and absorption functions 
have already declined with age, and the traumatic stress of 
surgery and the postoperative changes in eating patterns 
and habits further impair the absorption of nutrients after 
surgery (10). All these factors hinder the restoration of 
postoperative nutritional status. Chen et al. (11) conducted 
preoperative nutritional risk screening in 180 EC patients 
and found that the incidence of malnutrition in patients 
older than 60 years was higher than that in those younger 
than 60 years. Wu et al. (12) also carried out nutritional 
risk screening in over 4,000 inpatients in the general 
surgery department at Shanghai Zhongshan Hospital. 
They found the elderly (60 years old or above) patients 
with gastrointestinal malignancies had significantly higher 
malnutrition risk than those who were younger than  
60 years or those without gastrointestinal tumors. Another 
Chinese study enrolling 2,500 elderly inpatients showed 
about 30% of elderly hospitalized patients had varying 
degrees of malnutrition (13). These findings have justified 
that elderly patients undergoing surgery need nutritional 
support during the perioperative period and after discharge.

We chose EnSure as an enteral nutrition preparation 
after discharge for patients with esophageal cancer 
mainly because of its following advantages: (I) high cost 
performance, comprehensive and balanced nutrition, easy 

Table 2 Comparisons of parameters reflecting nutritional status and immune function between two groups at discharge

EN group (n=30) Control group (n=30)

BMI (kg/m2) 17.4±2.1 17.7±2.0

PG-SGA score (points)

Malnourished 22 20

Non-malnourished 8 10

Hemoglobin (g/dL) 108.6±10.4 112.1±8.5

Serum albumin (g/L) 30.7±4.7 30.3±3.9

Serum prealbumin (g/L) 182.0±28.4 178.6±33.5

CD4 (g/L) 33.4±5.4 34.6±4.7

CD8 (g/L) 30.5±3.3 31.2±4.8

CD4/CD8 (g/L) 1.12±0.40 1.15±0.32

IgG (g/L) 9.76±5.50 10.11±4.66

IgA (g/L) 1.85±0.45 1.83±0.58

IgM (g/L) 1.77±0.47 1.67±0.49

BMI, body mass index; PG-SGA, Patient-Generated Subjective Global Assessment; EN, enteral nutrition.
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to absorb by body; (II) good intestinal tolerance; (III) 
good taste. In our current study, patients in both groups 
have different hypoproteinemia degrees, anemia, low 
body weight, and other manifestations associated with 
poor nutritional status at once after discharge. In week 4, 
BMI, PG-SGA score, hemoglobin, and serum prealbumin 
level were improved in the EN group (compared with the 
measurements at discharge). However, in the control group, 
the improvements in these nutritional evaluation indicators 
were not as obvious as in the EN group. Even worse, the 
PG-SGA score, BMI, serum albumin, and hemoglobin 
further decreased in the control group due to the persisting 
negative nitrogen balance caused by surgical trauma-induced 
hypermetabolism. Although only the serum prealbumin 
showed a significant difference between these two groups 
in week 4, the effects of postoperative continuous EN 
on the postoperative nutritional status became visible. In 
week eight, the above data were further compared between 
the EN group and the control group. BMI, PG-SGA 
score, serum prealbumin, and serum albumin levels were 
significantly higher in the EN group than in the control 
group, suggesting 4–8 weeks of EN in elderly patients with 
EC improved the nutritional status. Further comparisons of 
the data at discharge and in week 8 in the EN group showed 

that most of the nutritional indicators were superior in week 
8 than at discharge, and the differences were statistically 
significant. Thus, we recommend offering at least 8 weeks 
of continuous EN support for elderly patients undergoing 
surgery for EC after discharge.

Also, we have observed that EC patients typically have 
weakened the immune system following malnutrition. In the 
control group, the CD4 count and CD4/CD8 ratio were 
slightly lower in week four than at discharge. Surgical stress 
and trauma, perioperative complications, and postoperative 
hyponutritional status are important reasons for the decline 
of postoperative immune function in EC patients, especially 
in elderly ones (14). The decreased immune function directly 
affects immune cells’ ability to recognize and kill tumor 
cells, leading to tumor recurrence and progression (15).  
In healthy individuals, the T cell subsets support the normal 
immune function, and CD4+ and CD8+ T cells are the 
whole T cells. CD4+ T cells participate in immune memory 
response and can directly kill tumor cells; yet, CD8+ T cells 
are suppressor T cells that coordinate with CD4+ T cells 
to participate in cellular immunity (16,17). Lymphocyte 
dysfunction has been identified in research on peripheral 
blood CD4, CD8, and CD4/CD8 in tumor patients. It has 
been found that the T-cell subset proportions can reflect 

Table 3 Nutritional status and immune function in two groups 4 and 8 weeks after discharge

Week 4 Week eight

EN group Control group EN group Control group

BMI (kg/m2) 17.9±2.2 16.3±1.8 19.1±4.8& 16.1±4.3

PG-SGA score (points)

Malnourished 19 21 3&# 15

Non-malnourished 11 9 27&# 15

Hemoglobin (g/dL) 115.1±9.4 108.9±11.3 135±7.1# 127±8.4

Serum albumin (g/L) 32.3±4.2 30.2±5.0 40.1±5.9&# 31±3.8

Serum prealbumin (g/L) 248.5±31.3* 198.6±37.1 325±45.6&# 225±51.6

CD4 (g/L) 37.6±6.2 33.1±7.1 40.6±8.6&# 31.3±10.5

CD8 (g/L) 31.1±4.2 33.9±5.8 30.4±7.4& 36.8±8.1

CD4/CD8 (g/L) 1.21±0.36 0.97±0.11 1.40±0.27& 0.86±0.22

IgG (g/L) 11.36±4.20 10.8±3.46 15.2±5.68&# 10.9±4.61

IgA (g/L) 1.98±0.61 1.92±0.41 3.0±0.98&# 1.84±0.67

IgM (g/L) 1.97±0.38 1.64±0.43 2.48±0.79& 1.69±0.59

*P<0.05, compared with the control group in week 4; &P<0.05, compared with the control group in week eight; #P<0.05, comparison 
between week eight and at discharge in EN group. BMI, body mass index; PG-SGA, Patient-Generated Subjective Global Assessment; 
EN, enteral nutrition.
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the immune status in tumor patients (18). Impaired cellular 
immunity is manifested as a decrease in circulating CD4 
T cells, a relative increase in CD8 T cells, and a decrease 
in the CD4/CD8 ratio (19,20). In our current study, CD4 
count, CD8 count, and CD4/CD8 ratio increased in the 
EN group in both weeks 4 and week 8, and CD4 count and 
CD4/CD8 ratio were significantly higher in the EN group 
than in the control group in week 8 (both P<0.01).

Similarly, immunoglobulins (Igs) are an important part 
of the immune defense against pathogens and play key roles 
in immunosurveillance and anti-tumor and anti-infection 
host defense. In our current study, the humoral immune 
indicators, including IgG, IgA, and IgM, were superior in the 
EN group to the control group in week 8. Also, we found 
that some immune indicators were significantly improved 
after 8 weeks of continuous home EN support. Therefore, 
in addition to nutritional benefits, 8 weeks of extra EN in 
elderly EC patients after discharge can also improve the 
cellular immunity and humoral immunity, improve the 
postoperative quality of life, and increase disease response 
rates.

While the value of perioperative EN in EC patients 
has been widely recognized (21,22), its application should 
not be limited to the period of hospitalization in surgical 
EC patients, especially in elderly ones. In our current 
study, the continued use of EN agents after discharge 
in elderly EC patients undergoing surgery significantly 
improved nutritional status and played an important role 
in enhancing cellular and humoral immunity; further, its 
small sample size limited our study. Also, only early EC 
patients who did not need postoperative adjuvant treatment 
were enrolled. We strictly limited the criteria of patient 
inclusion and exclusion, in order to minimize the impact of 
unrelated factors on the results of the study, so as to ensure 
the reliability of the results of the study. Therefore, after 
strict screening, the sample size of patients who eventually 
entered our study was relatively small, but our preliminary 
study showed that meaningful clinical experimental results 
have been reached. Nevertheless, our findings may also be 
applicable for patients with advanced EC who need better 
nutrition and immune status and require postoperative 
radiotherapy and chemotherapy. It is hoped this nutritional 
support concept will be extended to all postoperative EC 
and non-surgical EC patients in the future.
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