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Objective: The aim is to study the effect of intraoperative application of propofol and etomidate on the long-term prognosis of 
patients with gastric cancer at the same tumor stage.
Methods: A total of 1018 patients who underwent radical gastric cancer surgery at the First Affiliated Hospital of Anhui Medical 
University from January 2010 to December 2010 were selected and divided into the propofol and etomidate groups according to the 
different anesthetic induction drugs.
Results: Among 244 patients in TNM stage IIIA, survival times were 36.10 and 41.79 for etomidate and propofol, respectively, which 
were statistically different (p < 0.05). Among the 82 patients in TNM stage IIIC, survival times were 26.57 and 35.20 for etomidate 
and propofol, respectively, which were statistically different (p < 0.05).
Conclusion: In patients undergoing radical gastric cancer surgery, the application of propofol during induction of anaesthesia is more 
beneficial in improving the postoperative survival time compared to the application of etomidate at a specific TNM stage.
Keywords: propofol, etomidate, gastric cancer, prognosis

Globally, more than one million new cases of stomach cancer were diagnosed in 2018, making it the fifth most common 
cancer in the world. It is estimated that around 783,000 people died from stomach cancer worldwide in 2018, making it 
the third most deadly type of cancer.1 Most patients are already at an intermediate to advanced stage at the time of initial 
presentation, resulting in a low survival rate.2,3 With changing dietary factors, such as consumption of nitrites and salty 
foods, H. pylori infection is a major cause of gastric cancer.4 Identifying the factors affecting the long-term prognosis 
after radical gastric cancer surgery is crucial to improving patient prognosis and increasing their survival time. Therefore, 
how to reduce the probability of perioperative complications in patients with gastric cancer has been a major concern for 
clinicians.5 Currently, radical resection of gastric cancer is still the main clinical treatment, but many perioperative 
factors (including different anaesthetic methods and different anaesthetic drugs) may affect the prognosis of the tumor.6

TNM (tumor, lymph nodes and metastases) staging of gastric cancer is based on the depth of infiltration of the primary 
tumor (T), the number of metastatic lymph nodes (N) and distant metastases (M).7 The biological behavior of gastric cancer 
has important implications for the long-term prognosis of gastric cancer,8 but the prognosis of patients with gastric cancer 
who are induced with different anaesthetic drugs during surgery may also be very different. However, no studies have been 
reported on the prognosis of different intravenous anaesthetic drugs for gastric cancer with the same TNM stage. In this 
study, we retrospectively analyzed the case data of patients who underwent radical gastric cancer surgery in the Department 
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of Gastroenterology, The First Affiliated Hospital of Anhui Medical University from 2010 to 2011 to investigate the effects 
of different anesthetic induction drugs on patients’ postoperative survival time under the same TNM stage, and to provide 
a reasonable and reliable clinical basis for the selection of appropriate anesthetic drugs for gastric cancer surgery.

Propofol is an intravenous anaesthetic drug that is commonly used for the induction and maintenance of general 
anaesthesia due to its short-acting and rapid awakening properties.9 Etomidate is a short-acting non-barbiturate hypnotic 
with cardiovascular stabilization and reduced respiratory depression advantages compared to other drugs.10,11 In this 
study, we followed up patients admitted to our hospital for radical gastric cancer surgery from January 2010 to 
December 2010 to understand and analyze the use of different anesthetic drugs that affect the long-term prognosis of 
patients undergoing radical gastric cancer surgery, in order to provide a basis for improving the prognosis and prolonging 
the survival time of patients.

Methods
Study Population
The study was performed according to the Helsinki declaration. Ethical approval was obtained from the Ethics 
Committee of the First Affiliated Hospital of Anhui Medical University. All data were anonymous, and no identifiable 
personal data of patients were available for analysis, so no additional informed consent was required. A total of 1018 
patients who underwent radical surgery for gastric cancer at the First Affiliated Hospital of Anhui Medical University 
from January 2010 to December 2010 were enrolled in our retrospective cohort study.

Inclusion criteria were as follows: 1) age 18–84 years; 2) American Society of Anesthesiologists classification (ASA 
classification I–IV); 3) normal platelet and coagulation function; 4) patients undergoing elective radical gastric cancer 
surgery; 5) no residual tumor registered in the postoperative pathology report; 6) information on the type of anesthesia 
used was available; 7) Follow-up was not missed; and 8) all patients had no history of other tumors.

Exclusion criteria were as follows: 1) history of spinal surgery/surgery; 2) history of relevant drug allergies; 3) those 
with coagulation disorders; 4) patients with recurrent tumors who have undergone reoperation; 5) those found intrao
peratively to be beyond radical tumor resection; and 6) lack of clinicopathological or follow-up data.

Anaesthetic methods
The patients were divided into propofol and etomidate groups according to the induction drug, all patients abstained from 
drinking for 8 h and fasting for 10 h. In the propofol group, patients were admitted to the operating room 30 minutes before 
surgery, intravenous access was routinely opened, cardiac monitoring was connected and propofol 1.5 mg/kg was given to 
induce tracheal intubation for general anesthesia. Subsequently, propofol was used to maintain the depth of anaesthesia. 
Etomidate group: Patients were admitted to the operating room 30 minutes before surgery, intravenous access was routinely 
opened, cardiac monitoring was connected and etomidate 0.5 mg/kg was given to induce tracheal intubation under general 
anaesthesia. Similarly, intraoperative propofol was pumped to maintain the depth of anaesthesia. There was no statistical 
difference (p > 0.05) in the dosage of other anaesthetic-inducing and maintenance drugs (analgesics, inotropes, antic
holinergics and glucocorticoids) between the two groups. General anaesthesia by tracheal intubation in all cases.

The Mechanism of Follow-Up
We obtain follow-up content by contacting the patient or their family directly.

Primary Outcome
TNM stage and postoperative survival time of all patients who underwent radical gastric cancer surgery.

Statistical Analysis
SAS JMP 14.0 was used for statistical analysis of the data. Categorical information was expressed as examples (%) and 
the χ2 test was used for comparison between groups. Survival analysis was performed using GraphPad Prism 8.0 software 
to calculate survival rates and plot survival curves, and Log rank test for prognostic univariate analysis. Variables that 
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were significant in the univariate analysis were included in the multifactor analysis, and a Cox proportional risk 
regression model was used for the prognostic multifactor analysis, which was statistically significant at P ˂ 0.05.

Results
We selected data relating to 1018 patients who underwent radical surgery for gastric cancer, and we excluded a total of 93 
patients in whom anaesthesia was induced without propofol or etomidate and those in whom anaesthesia was induced 
with both propofol and etomidate. Finally, 925 eligible patients were identified for radical gastric cancer surgery, of 
which 455 patients were induced with propofol and 470 patients were induced with etomidate, as shown in Figure 1. 
These patients had no residual tumor registered in the post-operative pathology report and had information on the type of 
anaesthesia used and were not lost to follow-up. There were no significant differences in the general conditions such as 
age, gender, weight, cardiac function class, ASA class, surgical site, cancer site, tumor stage, pathological staging, tumor 
differentiation grade and TNM stage between each patient in the propofol and etomidate groups, as shown in Table 1. 
Among 26 patients in TNM stage 0, survival times were 44.64 and 38.67 for etomidate and propofol, respectively, which 
were not statistically different (p>0.05). Among the 102 patients in TNM stage IA, survival times were 57.73 and 64.54 
for etomidate and propofol, respectively, which were not statistically different (p>0.05). Among 57 patients in TNM 
stage IB, survival times were 49.44 and 55.63 for etomidate and propofol, respectively, which were not statistically 
different (p>0.05). Among the 27 patients in TNM stage IIA, survival times were 52.6 and 58.35 for etomidate and 
propofol, respectively, which were not statistically different (p>0.05). Among 208 patients in TNM stage IIB, survival 
times were 45.82 and 48.29 for etomidate and propofol, respectively, which were not statistically different (p>0.05). 
Among 244 patients in TNM stage IIIA, survival times were 36.10 and 41.79 for etomidate and propofol, respectively, 
which were statistically different (p < 0.05). Among 161 patients in TNM stage IIIB, survival times were 35.25 and 30.18 
for etomidate and propofol respectively, which were not statistically different (p>0.05). Among the 82 patients in TNM 
stage IIIC, survival times were 26.57 and 35.20 for etomidate and propofol, respectively, which were statistically 
different (p < 0.05). Among the 18 patients in TNM stage IV, survival times were 19.3 and 15 for etomidate and 
propofol, respectively, which were not statistically different (p>0.05) Table 2. The survival curves for each subgroup are 
shown in Figure 2. For stage I patients, the 5-year survival rate is shown in Figure 3. Table 3 lists all detailed TNM 
information of stage III patients. According to induction method with etomidate or propofol, we clearly stated 93 patients 
exclude from our main study analysis. The results of re-analysis of these patients are also listed in Table 4.

Figure 1 Case screening flowchart.
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Discussion
In 925 patients who underwent radical gastric cancer surgery, the effect of applying different anaesthetic induction 
drugs on survival time after surgery for radical gastric cancer patients was compared. We found a statistically 
significant difference in postoperative survival time between patients in TNM IIIA and TNM IIIC stages (p<0.05), 
ie, anesthesia induction with propofol may be more beneficial than etomidate in prolonging postoperative survival time 
and improving the quality of patients’ long-term prognostic survival, while other stages were not statistically different 
(p>0.05).

It is very interesting that stage III C survival rate is higher than stage III A and B survival rate in our study. This is 
probably because the number of cases in stage IIIC is significantly lower than in stage IIIA and IIIB, the patients we 

Table 1 Baseline and Perioperative Data of Two Groups

Variables Etomidate (n=470) Propofol (n=455) P value

Gender Male: 357 Male: 339 0.72
Female: 113 Female: 116 0.33

Age (mean) 61.86 (23–95) 60.49 (25–94) P>0.05

Weight (kg) (mean) 58.79 (40–95) 59.60 (38–95) P>0.05

ASA physical status median (IQR) 2 2 P>0.05
NYHA functional class median (IQR) 1 2 P>0.05

Tumor site P>0.05

Cardia 195 (21.08%) 193 (20.86%)
Cardia and gastric fundus 26 (2.81%) 27 (2.92%)

Gastric fundus 8 (0.86%) 18 (1.95%)

Gastric fundus and body 7 (0.76%) 5 (0.54%)
Gastric body 49 (5.30%) 64 (6.92%)

Gastric sinus, pylorus and gastric angle 144 (15.57%) 116 (12.54%)

Gastric body and gastric sinus 13 (1.41%) 12 (1.30%)
Whole gastric 11 (1.19%) 6 (0.65%)

Gastric curvature P>0.05

Lesser curvature 266 (28.76%) 270 (29.19%)
Greater curvature 28 (3.03%) 26 (2.81%)

Both side 2 (0.22%) 2 (0.22%)

Borrmann classifications P>0.05
Phymatoid type 20 (2.16%) 19 (2.05%)

Ulcerative type 318 (34.38%) 324 (35.03%)

Infiltrative ulcerative 99 (10.7%) 88 (9.51%)
Diffuse infiltrative ulcerative 18 (1.95%) 16 (1.73%)

Pathological typing P>0.05

Adenocarcinoma 427 (46.16%) 414 (44.76%)
Indocellular carcinoma 19 (2.05%) 20 (2.16%)

Adenosquamous carcinoma 1 (0.11%) 2 (0.22%)

Squamous carcinoma 6 (0.65%) 4 (0.43%)
Mucinous cell carcinoma 13 (1.41%) 10 (1.08%)

Cellular differentiation P>0.05
Highly differentiated 15 (1.62%) 16 (1.73%)

Highly and middle differentiated 12 (1.30%) 6 (0.65%)

Middle differentiated 132 (14.27%) 123 (13.30%)
Low and middle differentiated 113 (12.22%) 88 (9.51%)

Low differentiation 136 (14.70%) 165 (17.84%)

Differentiation 17 (1.84%) 20 (2.16%)
Undifferentiated 32 (3.46%) 28 (3.03%)
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collected for follow-up tended to survive coincidentally. This may require further studies at a later date and follow-up of 
survival data in more stage IIIC patients.

Gastric cancer is a malignant tumour with a high incidence and mortality rate worldwide and has attracted widespread 
attention in recent years.12 With the accelerated pace of modern life and changes in people’s lifestyle and diet structure, 

Table 2 Comparison of Mean Survival Time (Months) Between the Two Groups

Variables Etomidate (n=470) Propofol (n=455) P value

TNM stage 0 44.64 38.67 0.69
TNM stage IA 57.73 64.54 0.05

TNM stage IB 49.44 55.62 0.21

TNM stage IIA 52.60 58.35 0.65
TNM stage IIB 45.82 48.29 0.26

TNM stage IIIA 36.11 41.79 0.04*

TNM stage IIIB 33.25 30.18 0.79
TNM stage IIIC 36.57 35.20 0.04*

TNM stage IV 19.3 15 0.73

Note: *The data are statistically different in this study (p<0.05). 
Abbreviation: TNM, tumor node metastasis.

Figure 2 Demonstration of postoperative survival curves of gastric cancer patients with different tumor stages. The results of the seven groups (TNM stage 0, TNM stage 
IA, TNM stage IB, TNM stage IIA, TNM stage IIB, TNM stage IIIB, TNM stage IV) were not statistically different (P > 0.05). The results of the two groups (TNM stage IIIA, 
TNM stage IIIC) were statistically different (P < 0.05). The symbols with *Indicate statistical differences (P < 0.05).
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the incidence of gastric cancer is on the rise year by year, and the incidence of the population is gradually becoming 
younger. Gastric cancer is a digestive system disease with a complex and diverse pathogenesis, mainly superficial 
gastritis and atrophic gastritis occurring in the stomach, with the lesions metastasising to the intestine, producing 
epithelial hyperplasia and eventually heterogeneous proliferation to induce cancer.13,14 Complete surgical resection is 
still the only way to cure gastric cancer, so it is vital to identify the factors that influence the long-term prognosis of 
patients with gastric cancer after radical surgery during anaesthesia in order to improve the prognosis.

Propofol, a widely used short-acting intravenous sedative drug, is gradually gaining attention due to its tumor- 
suppressive and non-anaesthetic effects,15 which can reduce the migration and invasion of gastric cancer MGC-803 cells 
by inhibiting HDAC1 expression and the downstream p38MAPK pathway,16 and also inhibit gastric cancer cell 
proliferation and migration by upregulating microRNA-29 cell proliferation and migration through upregulation of 
microRNA-29.17 Relevant clinical studies have shown that propofol can inhibit tumor growth and metastatic 
activity.18–20 It has also been shown in retrospective studies that propofol-based intravenous anaesthesia is associated 
with improved long-term survival after surgery in patients with solid cancer compared with volatile anaesthesia.21–26 

Propofol improves survival in experimental animals after endotoxin injection by attenuating the inflammatory cytokine 
response,27,28 which may reduce postoperative organ dysfunction, vulnerability to postoperative complications, and 
mortality in humans.29–32 One study observed that high doses of propofol reduced the incidence of short-term 
cardiovascular, renal and inflammatory complications.33

This study has some limitations: 1) The study was conducted from data from a single Chinese institution, and the 
findings may vary between institutions. 2) The conclusions of this study are based on data collected between 2010 and 
2011, and there is heterogeneity in diagnostic criteria, treatment techniques and postoperative treatment recommenda
tions, especially for postoperative adjuvant treatment, as the data span a large period of time and the choice and protocols 
of postoperative adjuvant treatment vary from period to period, making it difficult to collect and data analysis, which may 
lead to bias in the study’s conclusions. Therefore, future prospective studies are needed to validate the findings of this 
retrospective analysis. (3) Surgery can cause an inflammatory response in the body; for example, colorectal surgery has 

Figure 3 Demonstration of postoperative survival curves of gastric cancer patients with TNM stage IA and IB. The horizontal coordinates represent the 5-year survival time 
(months) and the vertical coordinates represent the survival rate.

Table 3 Detailed TNM Information of Stage III Patients

Tumor Stages TNM Number of Cases (n)

IIIA T2N3M0 2

T3N2M0 3
T4aN1M0 239

IIIB T4aN3aM0 135

T4bN2M0 26
IIIC T4aN3bM0 50

T4bN3M0 32
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been reported to often cause a systemic inflammatory response syndrome, which may increase postoperative morbidity 
and mortality.34 Studies have demonstrated that certain anaesthetic drugs are associated with an inflammatory response.35 

However, no further observations were made in this study regarding the effects of inflammation and cognitive function in 
postoperative patients, and more in-depth studies in these areas should be conducted in the future.

In summary, TNM stage is currently the main basis for determining the prognosis of patients with gastric cancer, but 
the prognosis varies greatly with different interventions for the same tumor stage. Our analysis based on gastric cancer 
stage and postoperative survival status showed that propofol has a competitive preventive effect on mortality after radical 
gastric cancer surgery in patients with specific TNM stages. This provides new insights into the impact of anesthetic 
drugs on the long-term survival prognosis of patients with gastric cancer.

Table 4 Detailed Data of Both Induction with “Etomidate” and “Propofol” or 
Neither Patients

Variables Both (n=41) Neither (n=52)

Gender Male:28 Male:37
Female:13 Female:15

Age (mean) 64.83 (39–80) 60.41 (38–84)

Weight (kg) (mean) 57.8 (43–78) 59.74 (34–70)
ASA physical status median (IQR) 2 2

NYHA functional class median (IQR) 1 1

Tumor site
Cardia 25 26

Cardia and gastric fundus 3 3

Gastric fundus 2 3
Gastric fundus and body 3 2

Gastric body 2 6

Gastric body and gastric sinus 4 12
Whole gastric 1 0

Borrmann classifications

Phymatoid type 1 3
Ulcerative type 22 42

Infiltrative ulcerative 12 6

Diffuse infiltrative ulcerative 6 1
Cellular differentiation

Highly differentiated 2 2

Highly and middle differentiated 2 0
Middle differentiated 11 13

Low and middle differentiated 14 12

Low differentiation 10 15
Undifferentiated 2 10

Variables

TNM stage IA 5 6
TNM stage IB 6 4

TNM stage IIA 3 1
TNM stage IIB 8 12

TNM stage IIIA 11 23

TNM stage IIIB 5 5
TNM stage IIIC 3 1
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