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Introduction

Esophageal cancer (EC) poses a major threat to public 
health and places a heavy burden on the healthcare systems 
of many countries globally. In China, EC is the sixth most 
common cause of cancer-associated mortality; in 2015 
alone, there were 24,600 new cases of EC, with an estimated 
18,800 deaths (1). The demographic groups most affected 
by EC are middle-aged and elderly men.

The treatment of esophageal cancer should adopt 

the principle of individualized comprehensive treatment 
according to the patient’s physical condition, pathological 
type, and invasion range to enhance the chances of curing 
the tumor. When surgery is feasible, esophagectomy with 
or without neoadjuvant or adjuvant chemotherapy is the 
gold standard for the treatment of EC (2). Despite the 
considerable advances that have been made with surgical 
techniques for the treatment of EC, esophagectomy is 
still associated with a huge economic burden for patients 
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and the entire healthcare system (3). Up to 74% of 
patients who receive esophagectomy experience a series of 
complex procedures after this complex surgical procedure. 
Postoperative complications after esophagectomy are 
closely related to the prolongation of hospitalization time 
and long-term prognosis (4).

In China, EC is also referred to as “poor disease”, due to 
its higher prevalence in rural regions. The costs of treating 
EC bring a heavy financial burden to both social resources 
and the patient’s family.

P r e v i o u s  s t u d i e s  h a v e  p r i m a r i l y  f o c u s e d  o n 
esophagectomy techniques, nutritional programs, the extent 
of lymph node dissection, and patients’ quality of life, with 
few studies having been conducted to assess the medical 
costs of EC treatment and their relationship with the 
increasing risk of EC. 

This study aimed to examine the direct costs of treating 
EC patients who underwent esophagectomy at a tertiary 
cancer hospital in China, as well as the structure of these 
costs. Also, by regression analysis, we examined the factors 
influencing patients’ healthcare costs, in order to gain a 
better understanding of the economic pressure on patients 
and to identify ways to reduce their financial burden.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jtd-20-2770).

Methods

Data of patients’ direct costs were retrieved from the 
hospital information system (HIS), which can record details 
of patients’ medical expenses, clinical management, and case 
files. 

All medical records of patients admitted to the 
Department of Thoracic Surgery at Henan Cancer Hospital 
between September, 2018, and April, 2019, were marked 
and identified. The exclusion criteria were as follows: (I) a 
lack of detailed surgical records; (II) length of stay <3 days; 
or (III) without tumor, node, metastases stage. After the 
exclusion of ineligible patients, 196 patients were included 
for analysis. 

The study protocol was approved by the Ethics 
Committee of the Affiliated Cancer Hospital of Zhengzhou 
University (2014ys38). All procedures performed in this 
study involving human participants were in accordance with 
the Declaration of Helsinki (as revised in 2013). Individual 
consent for this retrospective analysis was waived. 

Data collection 

The medical records of eligible patients were reviewed. 
The main variables included: patient demographic 
and treatment-related characteristics; comorbidities; 
diagnosis; procedures; operative time and approach; 
length of stay (LOS); and intraoperative and postoperative  
complications.

The following data were collected for each patient: age; 
gender; smoking history; nutritional status; body mass index 
(BMI); American Society of Anesthesiologists (ASA) score; 
pathological type, differentiation grade, and tumor stage; 
comorbidities [e.g., diabetes, hypertension, cardiopathy, 
chronic obstructive pulmonary disease (COPD), or 
cerebrovascular disease]; treatment strategy (neoadjuvant 
therapy or not); surgeon experience (low, moderate, or 
high); esophagectomy techniques (open or minimally 
invasive esophagectomy); surgical case order (first, second, 
or third); operation time; postoperative nutritional program 
(early oral feeding or nil by mouth with enteral tube 
feeding); numbers of lymph nodes dissected; postoperative 
complications (i.e., cardiac, respiratory, or gastrointestinal 
complications, anastomotic leak, chylothorax, recurrent 
laryngeal nerve injury, or deep venous thrombosis); length 
of hospital stay (preoperative, postoperative and all); and 
direct medical expenses with the cost structure (material, 
drug, examination, treatment, surgical, and other costs). 
Only inpatient medical expenditure was calculated, and it 
was calculated in Chinese Yuan (RMB).

Cost grouping

The patients were divided into three groups according 
to the inpatient costs reported in their medical records: 
the low-cost group (66 patients, 33.7%), the moderate-
cost group (65 patients, 33.2%), and the high-cost group  
(65 patients, 33.2%).  

Statistical analysis 

Statistical analyses were performed with SPSS 21.0 
statistical software. The count data were expressed as 
frequency and rate (%). Pearson’s χ2 or Fisher’s exact 
test was used to compare the differences in inpatient 
characteristics between groups. The influencing factors 
were analyzed by ordinal logistic regression. P<0.05 showed 
statistical significance.

http://dx.doi.org/10.21037/jtd-20-2770
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Results

General characteristics

The medical records of 196 patients were collected. The 
majority of patients were male (73%), and 25.5% were 
over the age of 70 years. Of the patients, 109 (55.6%) 
had a smoking history, 184 (93.9%) received minimally 
invasive surgery, 89 (45.5%) received neoadjuvant therapy, 
84 (42.9%) received neoadjuvant chemotherapy, and 
165 (84.2%) were pathologically diagnosed as squamous 
cell carcinoma. Preoperatively, 107 patients experienced 
complications including hypertension (n=55), cardiopathy 
(including arrhythmia and coronary heart disease, n=29), 
COPD (n=20), and diabetes (n=15). Eight-one patients 
(41.3%) were had stage II disease, and 152 (77.6%) received 
early oral feeding. The surgeons had high and moderate 
experience in 64 (32.7%) and 85 (43.4%) cases, respectively. 
Also, 125 cases (63.8%) were the first operation of that day, 
and 18 cases (9.2%) were the third operation on the same 
day. The patients’ demographic and clinical data are shown 
in Table 1.

Direct medical costs 

Direct medical expenditure ranged from ￥49,796 to 
￥128,771, with a median cost of ￥72,772. The results 
showed that material costs and drug costs accounted for 
39.7% and 21.7%, together accounting for more than half 
of the total expenditure; they were followed by treatment 
costs and examination fees, which accounted for 11.5% and 
10.4% of the total expenditure, respectively. The median 
cost of operation cost was ￥7,480. Table 2 shows the cost 
structure of the esophagectomy patients’ treatment. 

Univariate and multivariate analysis 

Univariate analysis is shown in Table 3. No significant 
differences were found between age, smoking history, 
pathological type, degree of differentiation, tumor location, 
stage, operation time, case order, nutritional risk score, 
neoadjuvant group, hypertension, diabetes mellitus, 
cerebrovascular disease, or number of lymph node dissected. 
However, there were significant differences between the 
groups in gender, surgeon experience, esophagectomy 
techniques, postoperative nutritional program, ASA score, 
BMI, preoperative cardiopathy, COPD, recurrent laryngeal 
nerve injury, pneumonia, anastomotic leakage, incision 
infection, postoperative cardiac complications, and total 

postoperative complications. 
Based on the results of univariate analysis, ordinal 

logistic regression was used to analyze the influencing 
factors of cost in each group. As shown in Table 4, the 
results of multivariate regression analysis revealed that early 
oral feeding was a protective factor for hospitalization costs. 
At the same time, MIE, cardiopathy, and anastomotic leak 
were risk factors for high hospitalization costs. The risk of 
incremental inpatient costs for MIE was 3.470 times higher 
than that for open esophagectomy, while for patients with 
cardiopathy the risk was 1.067 times larger than that for 
patients without cardiopathy. Moreover, for patients with 
anastomotic leak, the cost could be 4.513 times higher than 
that for patients without anastomotic leak.

Discussion

Until now, esophagectomy studies have focused primarily 
on surgical techniques, nutritional programs, the extent 
of lymph node dissection, and patients’ quality of life, and 
there is a lack of literature on inpatient costs and their 
influencing factors for patients with EC who undergo 
esophagectomy. 

The results of this study show that esophagectomy 
techniques, postoperative nutritional program, cardiopathy, 
and anastomotic leak were independent risk factors.

This study analyzed the direct medical costs of 
EC patients who underwent esophagectomy between 
September 2018, and April 2019. The costs of surgical 
consumables and drugs ranked one and two, respectively, 
and together accounted for more than 61% of the total 
direct costs. Compared with other treatments, complex 
surgical procedures usually require more medical materials. 
Moreover, with the extensive replacement of old materials 
with newer and more sophisticated medical materials, 
the corresponding medical material costs are rising (5). 
Therefore, we can draw a conclusion that improving 
doctors’ awareness of the cost of medical consumables, 
reducing the intermediate links of material circulation, 
strengthening price control, and increasing clinical 
rational use of consumables are important ways for medical 
institutions to reduce treatment costs. 

Studies have reported that surgical case order and 
the experience of the surgeon may affect patients’ 
hospitalization expenses (6-8). Therefore, in this study, 
we considered the surgical case order on the day that each 
operation was performed as well as the experience of the 
surgeon. The surgical case order was divided into first, 
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Table 1 Demographic and clinical information of the patients

Variables n %

Gender

Male 143 73

Female 53 27

Age

<70 years 146 74.5

≥70 years 59 25.5

Smoking history

Yes 87 44.4

No 109 55.6

Pathological type

Squamous cell carcinoma 165 84.2

Adenocarcinoma 19 9.7

Others 12 6.1

Differentiation

Poorly differentiated 45 23.0

Moderately differentiated 120 61.2

Well differentiated 31 15.8

Tumor location

Upper 25 12.8

Middle 93 47.4

Lower 78 39.8

Operation time

<280 min 141 71.9

≥280 min 55 28.1

Neoplasm stage

0–I 63 32.1

II 81 41.3

III 52 26.5

Surgeon experience

High 64 32.7

Moderate 85 43.4

Low 47 24.0

Esophagectomy technique

Open 12 6.1

MIE 184 93.9

Table 1 (continued)

Table 1 (continued)

Variables n %

Treatment strategy

Neoadjuvant therapy 89 45.4

Surgery alone 107 54.6

Surgical case order

1st 125 63.8

2nd 53 27.0

3rd 18 9.2

Nutritional status score

<3 188 95.9

≥3 8 4.1

Nutritional program

Early oral feeding 152 77.6

Enteral tube feeding 44 22.4

ASA score

1 102 52.0

2 77 39.3

3 17 8.7

BMI

<24 99 50.5

≥24 97 49.5

Comorbidity

Yes 107 54.6

No 89 45.4

Hypertension

Yes 55 28.1

No 141 71.9

Diabetes

Yes 15 7.7

No 181 92.3

Cardiopathy

Yes 29 14.8

No 167 85.2

COPD

Yes 20 10.2

No 176 89.8

Table 1 (continued)
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second, and third. The patients were divided into three 
groups according to the experience of their surgeon: the 
low experience group (<5 years of experience after training); 
the moderate experience group (5–10 years of experience); 
and the high experience group (>10 years of experience). 
The effects of surgeon experience on clinical outcomes have 
been reported for other surgical fields, with varying results 
(6,9). In our study, no significant difference was found in 
hospitalization expenses according to the operation case 
order or the experience of the surgeon. 

MIE has developed rapidly in the past decade. The 
proportion of EC patients treated with MIE is increasing; 
of the patients in this study, 93.9% received MIE. Many 
studies have confirmed that MIE is associated with a 
lower incidence of postoperative complications, a shorter 
postoperative hospital stay, and higher quality of life than 
open surgery (10,11). However, in terms of hospitalization 
costs, MIE does not show significant advantages. The 
reason for this may be that compared with open surgery, 
more disposable consumables are needed to perform MIE, 
and the consumption of consumables accounts for the 
highest proportion of the total expenditure. Of course, with 
the continuous development of instruments, the price of 
consumables will be further reduced. We also believe that 
MIE will become a protective factor for lower costs in EC 
treatment.

The traditional methods for providing postoperative 

EC patients with nutrition include parenteral nutrition and 
enteral nutrition through a nasogastric tube. Our team’s 
previous research confirmed that early oral feeding is safe 
and feasible for EC patients after surgery (12,13). Therefore, 
most patients (77.6%) in this study took oral feeding on the 
first day after surgery, while other patients (22.4%) failed 
to complete the oral intake program postoperatively due to 
complications such as anastomotic leak, recurrent laryngeal 
nerve injury, and delayed gastric emptying. Esophageal and 
gastric mucosal edema observed during the operations are 
also the reasons that patients discontinued the oral intake 
program. This study showed that postoperative early oral 
feeding is a protective factor for low costs of EC surgery. 
As an important part of enhanced recovery pathways for 
EC, early oral feeding can bring higher quality of life for 
patients, which has been confirmed by many studies (13-15). 
The results of this study show that early oral feeding can 
reduce the total cost for patients, which provides a basis for 
the further promotion of early oral feeding.

Univar ia te  ana lys i s  showed that  preoperat ive 
comorbidity, including cardiopathy and COPD, were the 
influencing factors of inpatient costs, which was consistent 
with the findings of previous reports (16,17). Patients with 
cardiopathy, including arrhythmia and coronary heart 
disease, usually require further cardiac examination before 
surgery. Typical additional examinations include coronary 
computed tomography and Holter. Patients with confirmed 
coronary heart disease usually need to be treated with 
anticoagulant therapy for 3–5 days. All of these treatments 
and examinations increase the patient’s costs. The 
pulmonary function of COPD patients is also evaluated and 
exercised. Furthermore, oxygen therapy, atomization, and 
other measures are also included to enable patients to meet 
the requirements of surgery.

Many studies have confirmed that postoperative 
complications are an important factor affecting the cost 
of surgery (18-21). In this study, univariate analysis and 
multivariate analysis showed that anastomotic leakage 
was an independent risk factor for high costs. Meanwhile, 
other complications, including recurrent laryngeal nerve 
injury, respiratory failure, pneumonia, chylothorax, and 
other complications also showed significant difference in 
the univariate analysis. Once postoperative complications 
occur, the hospitalization time will be prolonged, the 
drug cost will be increased, and there is even an increased 
risk of reoperation. These factors all clearly contribute 
to increasing the hospitalization expenses of patients. In 

Table 1 (continued)

Variables n %

Cerebrovascular disease

Yes 16 8.2

No 180 91.8

Table 2 Cost structure

Cost structure Median cost (95% CI) %

Total 72,772 (65,758–80,943)

Materials 30,228 (23,496–33,963) 39.7

Drugs 14,410 (12,548–18,187) 21.7

Treatment 7,424 (6,141–9,384) 11.5

Examination 7,137 (6,057–8,593) 10.4

Operation 7,480 (6,100–8,230) 9.8
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Table 3 Univariate analysis

Variable Group 1 Group 2 Group 3 χ2 P value

Gender 6.766 0.034

Male 31.5 38.5 30.1

Female 39.6 18.9 41.5

Age 5.015 0.088

<70 years 35.6 35.6 28.8

≥70 years 28.0 26.0 46.0

Smoking history 4.790 0.094

Yes 26.4 40.2 33.3

No 39.4 27.5 33.0

Pathological type 8.978 0.056

Squamous cell carcinoma 30.3 34.5 35.2

Adenocarcinoma 63.2 26.3 10.5

Other 33.3 25.0 41.7

Differentiation 0.624 0.962

Poorly differentiated 35.6 33.3 31.1

Moderately differentiated 34.2 33.3 32.5

Well differentiated 29.0 32.3 38.7

Tumor location 6.911 0.142

Upper 32.0 40.0 28.0

Middle 25.8 37.6 36.6

Lower 43.6 25.6 30.8

Operation time 5.764 0.057

<280 min 38.3 32.6 29.1

≥280 min 21.8 34.5 43.6

Neoplasm stage 4.210 0.382

0–I 33.3 27.0 39.7

II 30.9 34.6 34.6

III 38.5 38.5 23.1

Surgeon experience 10.386 0.034

High 26.6 46.9 26.6

Moderate 40.0 28.2 31.8

Low 31.9 23.4 44.7

Esophagectomy techniques 8.492 0.013

Open 75.6 8.3 16.7

MIE 31.0 34.8 34.2

Table 3 (continued)
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Table 3 (continued)

Variable Group 1 Group 2 Group 3 χ2 P value

Surgical case order 2.588 0.645

1st 32.8 35.2 32.0

2nd 39.6 26.4 34.0

3rd 22.2 38.9 38.9

Treatment strategy 3.916 0.155

Neoadjuvant therapy 30.3 40.4 29.2

Surgery alone 36.4 27.1 36.4

Nutritional status score 0.415 0.822

<3 points 34.0 33.0 33.0

≥3 points 25.0 37.5 37.5

Nutritional program 15.357 0.000

Early oral feeding 35.5 38.2 26.3

Enteral tube feeding 27.3 15.9 56.8

ASA score 17.310 0.000

1 point 40.2 37.3 22.5

2 points 29.9 31.2 39.0

3 points 11.8 17.6 70.6

BMI 8.962 0.012

<24 kg/m2 39.4 23.2 37.4

≥24 kg/m2 27.8 43.3 28.9

Comorbidity 3.949 0.150

Yes 30.8 29.9 39.3

No 37.1 37.1 25.8

Hypertension 0.026 1.000

Yes 34.5 32.7 32.7

No 33.3 33.3 33.3

Diabetes 1.331 0.565

Yes 40.0 40.0 20.0

No 33.1 32.6 34.3

Cardiopathy 9.952 0.007

Yes 20.7 20.7 58.6

No 35.9 35.3 28.7

COPD 7.237 0.030

Yes 20.0 20.0 60.0

No 35.2 34.7 30.1

Table 3 (continued)
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accordance with the current results, previous studies have 
demonstrated that esophageal anastomotic leakage is 
associated with a significant cost burden. In our study, 13 
patients had anastomotic leakage, accounting for 6.6% of 
the study population. The postoperative hospital stay for 
these 13 patients was 28 (range, 17–50) days, which was 
significantly higher than that of the 9 (range, 7–11) days  

for patients without anastomotic leakage (P<0.05); 
moreover, the costs were 99,060 (range, 86,965–111,526) 
vs. 72,090 (range, 65,053–79,609) for patients with and 
without anastomotic leakage, respectively (P<0.05). For 
patients with anastomotic leakage, the main measures that 
can be taken include interventional placement of a duodenal 
nutrition tube and fasting until the anastomotic leakage has 

Table 3 (continued)

Variable Group 1 Group 2 Group 3 χ2 P value

Cerebrovascular disease 0.969 0.651

Yes 31.3 25.0 43.8

No 33.9 33.9 32.2

Anastomotic leak 19.544 0.000

Yes 0.0 7.7 92.3

No 36.1 35.0 29.0

Recurrent laryngeal nerve injury 32.333 0.000

Yes 0.0 0.0 100.0

No 36.7 36.1 27.2

Pneumonia 11.699 0.003

Yes 19.0 26.2 54.8

No 37.7 35.1 27.3

Incision infection 8.723 0.011

Yes 16.7 8.3 75.0

No 34.8 34.8 30.4

Cardiac complications 8.153 0.015

Yes 19.4 27.8 52.8

No 36.9 34.4 28.7

Any complication 19.284 0.000

Yes 22.7 29.9 47.4

No 44.4 36.4 19.2

Table 4 Multivariate analysis

Factors Estimate P value OR (95% CI)

Cardiopathy comorbidity −1.067 0.025 0.344 (0.136, 0.872)

Anastomotic leak −4.513 0.000 0.012 (0.001, 0.131)

Minimally invasive esophagectomy −3.470 0.000 0.031 (0.005, 0.209)

Early oral feeding 1.381 0.000 3.979 (1.430, 11.067)
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healed, which will obviously increase the length of hospital 
stay and the costs of hospitalization. More focus should 
be placed on preventative measures to avoid postoperative 
complications, especially anastomotic leakage, at during the 
operation.

Limitations

This study is a single-center retrospective study, and the 
conclusions can only be applied to hospitals at the same 
level. Postoperative complications are an important factor 
affecting the cost of surgery; however, we did not categorize 
the severity of complications according to the Clavien-
Dindo classification (CDC) system.

Conclusions

In summary, this study showed that early oral feeding, MIE, 
cardiopathy, and anastomotic leakage are all independent 
factors that affect the hospitalization cost of EC patients 
who undergo esophagectomy. To alleviate the economic 
burden on patients with esophageal cancer, efforts should be 
made to control complications and early oral feeding should 
be promoted. In future study, we will assess the influence 
of complications of different grades on hospitalization costs 
and analyze data from other centers to draw more accurate 
conclusions.
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