
Introduction 

Cancer is one of the major causes of death worldwide, and the global burden of cancer 
is projected to continue to increase in the future [1–3]. The most common cancer treat-
ment has for a long time been surgery with curative intent [4]. In 2015, 15.2 million new 
cases of cancer were reported worldwide, over 80% of which required surgery [5]. Thus, 
the delivery of safe, affordable, and timely cancer surgery is an important health issue for 
global and national cancer control. 

The potential influence of anesthetic technique on oncologic outcomes for patients un-
dergoing cancer surgery has been an ongoing debate [6]. One of the most controversial 
issues is the effectiveness of propofol-based total intravenous anesthesia (TIVA) com-
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Background: The optimal anesthetic technique for cancer surgery remains a controversial 
issue. This study aimed to examine whether propofol-based total intravenous anesthesia 
(TIVA) was associated with survival outcomes after major cancer surgery in South Korea 
and compare its effectiveness with that of inhalation anesthesia. 
Methods: This nationwide population-based cohort study included adult patients who 
were admitted to the hospital and underwent major cancer surgery between January 1, 
2016, and December 31, 2020. The major cancers included lung, gastric, colorectal, esoph-
ageal, small bowel, liver, pancreatic, and bile duct or gallbladder cancers. 
Results: A total of 253,003 patients who underwent major cancer surgery were included in 
the analysis. After propensity score (PS) matching, 115,370 patients (57,685 in each group) 
were included in the final analysis. In the PS-matched cohort, the TIVA group showed 9% 
(hazard ratio [HR]: 0.91, 95% CI [0.85, 0.98], P = 0.018) and 7% (HR: 0.93, 95% CI [0.89, 
0.96], P < 0.001) lower 90-day and one-year mortality rates, respectively, than the inhala-
tion group. In subgroup analyses, the TIVA group showed lower 90-day mortality than the 
inhalation group in the gastric (HR: 0.86, 95% CI [0.72, 0.97], P = 0.033), colorectal (HR: 
0.64, 95% CI [0.56, 0.73], P < 0.001), and pancreatic (HR: 0.76, 95% CI [0.57, 0.94], P = 
0.038) cancer surgery groups. 
Conclusions: Propofol-based TIVA is associated with better survival outcomes after major 
cancer surgeries. Moreover, propofol-based TIVA was beneficial in patients who under-
went gastric, colorectal, and pancreatic cancer surgeries. 
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pared with that of inhalation anesthesia [7]. The antitumor prop-
erty of propofol may have protective effects against cancer cell 
dissemination and the development of metastasis [8,9]. Moreover, 
propofol is known to attenuate perioperative immunosuppression 
by preserving the function of natural killer and cytotoxic T cells. 
However, mixed results have been reported regarding the associa-
tion of propofol-based TIVA with oncologic outcomes after can-
cer surgery [10–13]. Recently, Yoon et al. [14] reported no associ-
ation between propofol-based TIVA and long-term survival out-
comes in patients who underwent cancer surgeries in a South Ko-
rean nationwide setting. Nevertheless, they analyzed data from 
January 2007 to December 2016 [14]; both surgical and anesthetic 
techniques have improved since then. Hence, more studies are 
needed to determine the impact of propofol-based TIVA on on-
cological outcomes after cancer surgery using recent data. 

Therefore, this study aimed to examine whether propofol-based 
TIVA was associated with survival outcomes after major cancer 
surgery in South Korea and to compare its effectiveness with that 
of inhalation anesthesia using data from 2016–2020. We hypothe-
sized that propofol-based TIVA results in lower mortality rates af-
ter cancer surgery. 

Materials and Methods 

Study design and ethical statements 

This study included human participants and all procedures 
were conducted according to the guidelines of the relevant ethics 
boards. The Institutional Review Board of Seoul National Univer-
sity Bundang Hospital approved the study protocol (No. X-2105-
686-904). The National Health Insurance Service (NHIS) provid-
ed the relevant data after approval of the study protocol (NHIS-
2022-1-336). The requirement for informed consent was waived 
because this study retrospectively analyzed data from anonymized 
forms in the South Korean NHIS database. This study was con-
ducted in accordance with the ethical principles of the Helsinki 
Declaration 2013.

Data source 

The data were derived from the South Korean NHIS database. 
As a single public health insurance system in South Korea, the 
NHIS database includes data on all disease diagnoses and pre-
scriptions for procedures and drugs. The information on disease 
diagnoses is to be registered using the International Classification 
of Diseases 10th Revision (ICD-10) codes for patients to receive 
financial support from the government. Additionally, the NHIS 

database contains demographic and socioeconomic status-related 
information regarding all patients in South Korea. 

Inclusion of patients 

We initially screened all adult patients who underwent major 
cancer surgery under general anesthesia between January 1, 2016, 
and December 31, 2020. The major cancers included lung, gastric, 
colorectal, esophageal, small bowel, liver, pancreatic, and bile duct 
or gallbladder cancers. The specific types of major cancer surger-
ies with procedural codes in South Korea are listed in Supplemen-
tary Table 1. There were three exclusion criteria: 1) multiple cases 
of major cancer surgeries in a patient were excluded to include 
only the first episode of major cancer surgery; 2) patients who 
were diagnosed with metastatic cancer (C77-C80 by ICD-10 
codes); and 3) pediatric patients (those under 18 years old).  

TIVA or inhalation anesthesia  

Patients were divided into two groups based on whether TIVA 
or inhalation anesthesia was used as the anesthetic technique for 
major cancer surgery. The TIVA group was defined as those who 
were continuously infused with propofol for anesthesia, while the 
inhalation group was defined as those who were administered in-
halational anesthetics such as sevoflurane, desflurane, or isoflu-
rane. If propofol was injected only once for general anesthesia in-
duction and general anesthesia was maintained using inhalational 
anesthetics, the patient was considered to belong to the inhalation 
group. All prescription information of propofol during surgery 
should be registered in the NHIS database accurately by law be-
cause it is designated as an antipsychotic drug. Moreover, the pre-
scription data of sevoflurane, desflurane, and isoflurane should 
also be registered to receive financial coverage of anesthetic costs 
from the NHIS database. 

Endpoints 

The primary endpoint was 90-day mortality that was defined as 
any death within 90 days of surgery. The secondary endpoint was 
one-year all-cause mortality that was defined as death due to any 
cause within one year of cancer surgery. Additionally, we classified 
the 90-day and one-year mortality as cancer and non-cancer mor-
tality using the database from Statistics Korea. Statistics Korea re-
cords the primary causes of all deaths in South Korea classified 
using ICD-10 codes. If the primary cause of death was cancer 
(progression, recurrence, metastasis, and/or complications), it is 
considered cancer mortality by Statistics Korea. This study con-
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sidered all causes as non-cancer mortality. The exact dates of 
death were extracted until April 22, 2022. 

Covariates 

For demographic information, data on sex and age were col-
lected, and for socio-economic status-related information, data 
regarding employment status, residence, and national household 
income were collected. The NHIS acquires data on all patients’ 
household income levels to determine the insurance premiums 
for the year. Most patients receive approximately 67% of all med-
ical expenses from the government as part of the public insur-
ance program [15]. However, patients who are too poor to pay 
insurance premiums due to very low household income are en-
rolled in the Medical Aid Program. The government covers near-
ly all medical expenses to minimize the financial burden of treat-
ment for patients in the Medical Aid Program. The patients were 
classified into five groups based on quartile ratios such as Q1–Q4 
groups and the Medical Aid Program group. Among places of 
residence at the time of cancer surgery, Seoul and other metro-
politan cities were considered urban areas while all other areas 
were considered rural areas. To adjust for the capacity of the hos-
pitals where each cancer surgery had been performed, in the sta-
tistical analysis, we extracted data on the types of hospitals and 
annual case volumes of major cancer surgeries. The hospitals 
were classified as tertiary general hospitals or general hospitals. 
The annual case volume in each hospital was calculated using the 
following formula: total cases of major cancer surgeries during 
2016–2020 in 5 years. The patients were divided into four groups 
using quartile ratios based on annual case volumes (Q1 group, <  
361 surgeries; Q2 group, 362–758 surgeries, Q3 group, 759–2,718 
surgeries, and Q4 group, >  2,718 surgeries). For minimally inva-
sive surgical techniques, data were collected regarding cases in 
which video-assisted thoracic surgery (VATS) and laparoscopy 
were utilized. As there was no information on open conversion 
after surgery using laparoscopy or VATS, open conversion cases 
after laparoscopic surgery or VATS were classified as laparoscop-
ic surgery or VATS group in this study. Information on intraop-
erative remifentanil administration and packed red blood cell 
transfusion as covariates was collected. In addition, information 
regarding the receipt of neoadjuvant chemotherapy, adjuvant 
chemotherapy, and adjuvant radiotherapy was collected to reflect 
the advanced stages of each cancer indirectly. The comorbidity of 
patients was determined using the Charlson comorbidity index 
(CCI), calculated based on the ICD-10 codes, as shown in Sup-
plementary Table 2. All individuals with disabilities must be reg-
istered in the NHIS database to benefit from South Korea’s social 

welfare system. In the database, patients with disabilities are di-
vided into six groups according to the severity of the disability. 
We divided the patients into two severity groups: severe disability 
(grades 1–3) and mild-to-moderate disability (grades 4–6). 

Statistical analysis 

The clinicopathological characteristics between the TIVA and 
inhalation groups are presented as numbers with percentages for 
categorical variables and mean values with standard deviations for 
continuous variables. First, 1 : 1 propensity score (PS) matching 
between the TIVA and inhalation groups was performed to avoid 
bias in the observational study [16]. The nearest neighbor method 
without replacement, with a caliper of 0.25, was used for PS 
matching. The PS model included all covariates, and logistic re-
gression analysis was performed to calculate the PSs. The absolute 
value of the standardized mean difference (ASD) was used to de-
termine a sufficient balance between the two groups before and 
after PS matching; subsequently, the ASD was set at <  0.1 to con-
firm adequate balance between the groups. In the PS-matched co-
hort, Cox regression analysis was performed to examine the HR 
with a 95% CI for 90-day and one-year mortality. Second, as a 
sensitivity analysis, we constructed a multivariable Cox regression 
model for 90-day and one-year mortality among the entire cohort 
to examine whether the results in the PS-matched cohort were 
generalizable in the entire cohort. All covariates were included in 
the model except for CCI to avoid multicollinearity with individ-
ual comorbidities used to calculate the CCI scores. Log-log plots 
were used to confirm that the central assumption of the Cox pro-
portional hazards model was satisfied. We performed subgroup 
analyses for 90-day mortality according to the type of cancer sur-
gery to identify whether the association of TIVA was significant 
for each cancer surgery. Lastly, as the proportion of the TIVA 
group was dramatically high in 2016, at 39.2%, compared to the 
rest in the five years, we performed a sensitivity analysis after ex-
cluding the 2016 cohort to examine whether there was over-de-
tection in the TIVA group in 2016. All statistical analyses were 
performed using R software (version 4.0.3, R packages, R Project 
for Statistical Computing, Austria). P <  0.05 was considered sta-
tistically significant. 

Results 

Study population 

Fig. 1 shows a flowchart depicting the patient selection process. 
Between January 1, 2016, and December 31, 2020, 295,634 pa-
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tients underwent major cancer surgery in South Korea. We ex-
cluded 38,560 cases of multiple (≥  2) major cancer surgeries in a 
patient to focus on the first episode of major cancer surgery, and 
also excluded 3,921 patients who were diagnosed with metastatic 
cancer who underwent major cancer surgery. Moreover, 150 pedi-
atric patients ( <  18 years old) were excluded from the analysis. 
Finally, a total of 253,003 patients who underwent major cancer 
surgery were included in the analysis. Among them, 58,108 
(30.0%) were in the TIVA group, while 194,895 (70.0%) were in 
the inhalation group. No patients were exposed to both TIVA and 
inhalation anesthesia per the prescription data from the NHIS. 
After PS matching, 115,370 patients (57,685 in each group) were 
included in the final analysis. Table 1 shows the results of the 
comparison of clinicopathological characteristics between the 
TIVA and inhalation groups before and after PS matching. After 
PS matching, all ASDs were below 0.1, suggesting an adequate 
balance through PS matching. Supplementary Fig. 1 shows that 
the PS distributions became similar through PS matching. 

Survival analyses in the PS-matched cohort 

Table 2 (Cox regression) and Supplementary Table 3 (Event) 
show the results of the survival analyses before and after PS 
matching. In the PS-matched cohort, the TIVA group showed a 
9% (HR: 0.91, 95% CI [0.85, 0.98], P =  0.018) lower 90-day mor-

tality than the inhalation group. The TIVA group also showed 6% 
(HR: 0.94, 95% CI [0.90, 0.98]; P =  0.048) and 21% (HR: 0.79, 
95% CI [0.65, 0.95], P =  0.012) lower 90-day cancer and 
non-cancer mortality, respectively, than the inhalation group. In 
addition, the TIVA group showed a 7% (HR: 0.93, 95% CI [0.89, 
0.97], P <  0.001) lower one-year all-cause mortality than the in-
halation group. The TIVA group also showed a 7% (HR: 0.93, 
95% CI [0.89, 0.97], P =  0.001) lower one-year cancer mortality 
than the inhalation group, while one-year non-cancer mortality 
was not different between the two groups (P =  0.177). 

Sensitivity analysis in the entire cohort 

Table 3 shows the results of the multivariable Cox regression 
model for the entire cohort. The TIVA group showed 12% (HR: 
0.88, 95% CI [0.83, 0.94], P <  0.001) and 11% (HR: 0.89, 95% CI 
[0.86, 0.93], P <  0.001) lower 90-day and one-year all-cause mor-
tality, respectively, than the inhalation group. The HRs with 95% 
CIs of the other covariates are presented in Supplementary Tables 
4 and 5, respectively. Supplementary Table 6 shows the results of 
the multivariable Cox regression model after excluding the 2016 
cohort. The TIVA group showed 14% (HR: 0.86, 95% CI [0.79, 
0.93], P <  0.001) and 12% (HR: 0.88, 95% CI [0.85, 0.92], P <  
0.001) lower 90-day and one-year all-cause mortality, respectively, 
than the inhalation group. 

Fig. 1. Flow chart depicting the patient selection process. TIVA: total intravenous anesthesia.

January 1, 2016- December 31, 2020 
Major cancer surgery in South Korea 

(n = 295,634)

Finally included
(n = 253,003)

PS matching

Excluded
• 38,560 Cases of multiple (≥ 2) major cancer surgeries 
• 3,921 Patients who were diagnosed with metastatic cancer 
• 150 Pediatric patients (< 18 years old)

TIVA (n = 58,108)

TIVA (n = 57,685)

Inhalation (n = 194,895)

Inhalation (n = 57,685)
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Table 1. Comparison of Clinicopathological Characteristics between the TIVA and Inhalation Groups before and after PS Matching

Variable
Total cohort (n =  253,003)

ASD
PS-matched cohort (n =  115,370)

ASDTIVA 
(n =  58,108)

Inhalation 
(n =  194,895)

TIVA 
(n =  57,685)

Inhalation 
(n =  57,685)

Age (yr) 65.5 (11.4) 66.1 (11.6) 0.052 65.5 (11.4) 65.6 (11.4) 0.001
Sex (M) 36,593 (63.0) 122,919 (63.1) 0.002 21,382 (37.1) 21,408 (37.1) <  0.001
Having a job at surgery 35,606 (61.3) 120,169 (61.7) 0.086 35,336 (61.3) 35,460 (61.5) 0.004
Residence at surgery
 Urban area 24,517 (42.2) 81,579 (41.9) 24,362 (42.2) 24,185 (41.9)
 Rural area 31,266 (53.8) 108,792 (55.8) 0.040 31,027 (53.8) 31,075 (53.9) 0.002
 Unknown 2,325 (4.0) 4,524 (2.3) 0.086 2,296 (4.0) 2,425 (4.2) 0.011
Household income level
 Medical aid program 2,561 (4.4) 10,231 (5.2) 9,457 (16.4) 9,491 (16.5)
 Q1 9,525 (16.4) 34,049 (17.5) 0.041 9,346 (16.2) 9,320 (16.2) 0.001
 Q2 9,418 (16.2) 33,502 (17.2) 0.027 12,771 (22.1) 12,720 (22.1) 0.002
 Q3 12,874 (16.2) 43,418 (22.3) 0.003 20,467 (35.5) 20,378 (35.3) 0.003
 Q4 20,604 (22.2) 66,358 (34.0) 0.030 2,553 (4.4) 2,527 (4.4) 0.002
 Unknown 3,126 (5.4) 7,337 (3.8) 0.072 3,097 (5.4) 3,249 (5.6) 0.012
Type of cancer surgery
 Lung cancer surgery 17,283 (29.7) 36,813 (18.9) 17,123 (29.7) 17,143 (29.7)
 Gastric cancer surgery 17,390 (29.9) 59,130 (30.3) 0.009 17,215 (29.8) 17,450 (30.3) 0.009
 Colorectal cancer surgery 10,970 (18.9) 36,306 (18.6) 0.006 10,912 (18.9) 11,118 (19.3) 0.009
 Esophageal cancer surgery 1,020 (1.8) 2,991 (1.5) 0.017 997 (1.7) 1,042 (1.8) 0.006
 Small bowel cancer surgery 1,105 (1.9) 6,229 (3.2) 0.095 1,104 (1.9) 1,069 (1.9) 0.004
 Liver cancer surgery 4,331 (7.5) 22,107 (11.3) 0.148 4,329 (7.5) 4,115 (7.1) 0.014
 Pancreatic cancer surgery 2,447 (4.2) 14,151 (7.3) 0.152 2,447 (4.2) 2,288 (4.0) 0.013
 BD or GB cancer surgery 3,562 (6.1) 17,168 (8.8) 0.112 3,558 (6.2) 3,460 (6.0) 0.007
VATS or laparoscopy 36,911 (63.5) 123,243 (63.2) 0.006 36,751 (63.7) 36,961 (64.1) 0.008
Intraoperative remifentanil infusion 48,799 (84.0) 153,068 (78.5) 0.148 48,411 (83.9) 49,076 (85.1) 0.031
Neoadjuvant chemotherapy 2,154 (3.7) 9,355 (4.8) 0.058 2,147 (3.7) 2,219 (3.8) 0.007
Adjuvant chemotherapy 13,160 (22.6) 43,734 (22.4) 0.005 13,069 (22.7) 12,920 (22.4) 0.006
Adjuvant radiotherapy 64 (0.1) 220 (0.1) <  0.001 64 (0.1) 67 (0.1) 0.002
Intraoperative pRBC transfusion 9,375 (16.1) 42,265 (21.7) 0.151 9,361 (16.2) 9,293 (16.1) 0.003
Type of hospital
 Tertiary general hospital 57,087 (98.2) 193,352 (99.2) 56,686 (98.3) 56,894 (98.6)
 General hospital 1,021 (1.8) 1,543 (0.8) 0.074 999 (1.7) 791 (1.4) 0.027
Annual case volumes of major cancer surgery
 Q1 <  361 12,440 (21.4) 50,158 (25.7) 12,396 (21.5) 11,914 (20.7)
 Q2: 362–758 11,390 (19.6) 52,770 (27.1) 0.188 11,380 (19.7) 11,530 (20.0) 0.007
 Q3: 759–2,718 16,495 (28.4) 45,109 (23.1) 0.116 16,358 (28.4) 16,558 (28.7) 0.008
 Q4 >  2,718 17,783 (30.6) 46,858 (24.0) 0.142 17,551 (30.4) 17,683 (30.7) 0.005
Disability at surgery
 Mild to moderate 5,173 (8.9) 18,816 (9.7) 0.026 5,139 (8.9) 5,100 (8.8) 0.002
 Severe 1,442 (2.5) 4,919 (2.5) 0.003 1,432 (2.5) 1,369 (2.4) 0.007
CCI, point 5.0 (2.7) 4.8 (2.6) 0.079 4.8 (2.6) 4.8 (2.6) 0.001
 Myocardial infarction 1,123 (1.9) 4,489 (2.3) 0.027 1,109 (1.9) 1,099 (1.9) 0.001
 Congestive heart failure 5,244 (9.0) 19,308 (9.9) 0.031 5,222 (9.1) 5,129 (8.9) 0.006
 Peripheral vascular disease 6,017 (10.4) 20,418 (10.5) 0.004 5,985 (10.4) 6,035 (10.5) 0.003
 Cerebrovascular disease 4,451 (7.7) 15,355 (7.9) 0.008 4,418 (7.7) 4,450 (7.7) 0.002
 Dementia 1,825 (3.1) 6,920 (3.6) 0.024 1,813 (3.1) 1,829 (3.2) 0.002

(Continued to the next page)
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Variable
Total cohort (n =  253,003)

ASD
PS-matched cohort (n =  115,370)

ASDTIVA 
(n =  58,108)

Inhalation 
(n =  194,895)

TIVA 
(n =  57,685)

Inhalation 
(n =  57,685)

 Chronic pulmonary disease 19,729 (34.0) 66,344 (34.0) 0.002 19,586 (34.0) 19,379 (33.6) 0.008
 Rheumatic disease 2,099 (3.6) 7,215 (3.7) 0.005 2,087 (3.6) 2,083 (3.6) <  0.001
 Peptic ulcer disease 23,094 (39.7) 73,839 (37.9) 0.038 22,891 (39.7) 22,685 (39.3) 0.007
 Mild liver disease 18,900 (32.5) 65,569 (33.6) 0.024 18,772 (32.5) 18,487 (32.0) 0.011
 DM without chronic complication 12,812 (22.0) 44,255 (22.7) 0.016 12,716 (22.0) 12,689 (22.0) 0.001
 DM with chronic complication 3,449 (5.9) 13,958 (7.2) 0.052 3,434 (6.0) 3,432 (5.9) <  0.001
 Hemiplegia or paraplegia 383 (0.7) 1,390 (0.7) 0.007 380 (0.7) 401 (0.7) 0.005
 Renal disease 1,399 (2.4) 5,585 (2.9) 0.030 1,396 (2.4) 1,417 (2.5) 0.002
 Moderate or severe liver disease 498 (0.9) 2,477 (1.3) 0.045 495 (0.9) 463 (0.8) 0.006
 AIDS 39 (0.1) 189 (0.1) 0.012 39 (0.1) 32 (0.1) 0.005
Year of surgery
 2016 22,754 (39.2) 27,147 (13.9) 22,332 (38.7) 20,151 (34.9)
 2017 8,902 (15.3) 41,021 (21.0) 0.159 8,901 (15.4) 9,290 (16.1) 0.019
 2018 8,446 (14.5) 41,957 (21.5) 0.198 8,446 (14.6) 8,923 (15.5) 0.024
 2019 9,188 (15.8) 42,735 (21.9) 0.168 9,188 (15.9) 9,663 (16.8) 0.023
 2020 8,818 (15.2) 42,035 (21.6) 0.178 8,818 (15.3) 9,658 (16.7) 0.040
TIVA: total intravenous anesthesia, PS: propensity score, ASD: absolute value of the standardized mean difference, BD: bile duct, GB: gall bladder, 
VATS: video-assisted thoracic surgery, pRBC: packed red blood cell, CCI: Charlson comorbidity index, DM: diabetes mellitus, AIDS: acquired 
immunodeficiency syndrome.

Table 1. Continued

Subgroup analyses 

Table 4 shows the results of the subgroup analyses for 90-day 
mortality according to cancer surgery type. The TIVA group 
showed lower 90-day mortality than the inhalation group in the 
gastric (HR: 0.86, 95% CI [0.72, 0.97], P =  0.033), colorectal (HR: 
0.64, 95% CI [0.56, 0.73], P <  0.001), and pancreatic (HR: 0.76, 
95% CI [0.57, 0.94], P =  0.038) cancer surgery groups. 

Discussion 

This nationwide, population-based cohort study showed that 
propofol-based TIVA was associated with improvements in both 
90-day and one-year survival outcomes after major cancer sur-
gery. This association has been applied to both cancer and 
non-cancer mortality. Moreover, subgroup analyses showed that 
propofol-based TIVA was beneficial in patients who underwent 
gastric, colorectal, and pancreatic cancer surgeries. 

Unlike previous literature [10–12,14,17,18], we divided mortal-
ity according to the cause of death, such as cancer and non-cancer 
mortality. In this study, propofol-based TIVA was associated with 
lower cancer and non-cancer mortality rates. As an anesthetic 
agent, propofol has anti-inflammatory properties that may atten-
uate the inflammatory response during surgery [19,20]. The 

perioperative inflammatory response is known to be related to 
postoperative complications [21] that could elevate the risk of 
non-cancer mortality after cancer surgery. Thus, the anti-inflam-
matory response induced by propofol may decrease the risk of 
non-cancer mortality after cancer surgery. Moreover, propofol has 
antitumor and protective effects against cancer cell dissemination 
and the development of metastasis [8,9] that may reduce cancer 
mortality after cancer surgery. 

Our results are different from those of a similar study by Yoon 
et al. [14] that reported no association between propofol-based 
TIVA and survival outcomes after cancer surgery in a nationwide 
setting in South Korea from 2007 to 2016. The results from the 
present study are important for several reasons. First, the applica-
tion of propofol-based TIVA has increased recently owing to the 
advances in target-controlled infusion systems [22]. The propor-
tion of patients in the TIVA group in our study was 30%, whereas 
that in the previous study was 11.8% [14]. Furthermore, surgical 
techniques have also advanced in recent years [23]. This could af-
fect the outcomes after major cancer surgery. Moreover, we used 
many covariates, such as VATS or laparoscopy, type of hospital, or 
annual case volumes of major cancer surgery, neoadjuvant and 
adjuvant chemotherapy, and radiotherapy, to examine more ro-
bust results after PS modeling. Therefore, our results using recent 
data, with adjustment for many covariates, might be more reliable 
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than those of the previous study [14]. We performed a sensitivity 
analysis after excluding the 2016 cohort in Table S6, and the re-
sults also showed that TIVA was associated with better survival 
outcomes after major cancer surgery. This is important because 
the cohort in the sensitivity analysis (2017–2020) did not overlap 
with that of the study by Yoon et al. [14] that reported results from 
a nationwide setting in South Korea from 2007 to 2016. Therefore, 
it might be possible that the recent advances in surgical skills or 
anesthetic management might affect the differences in results be-
tween ours and those of Yoon et al. [14]. 

Similarly, Makito et al. [13] reported that there was no signifi-
cant difference in overall and recurrence-free survival between 
the inhalation group and the TIVA group in patients who under-
went digestive tract surgery in the nationwide Japanese cohort 
study. This study focused on patients who underwent esophagec-
tomy, gastrectomy, hepatectomy, cholecystectomy, pancreatecto-
my, colectomy, and rectal cancer surgery from July 1, 2010, to 
March 31, 2018, and PS matching was also used as a statistical 

Table 2. Survival Analyses before and after PS Matching

Survival outcomes HR (95% CI) P value
Before PS matching
 90-day mortality
  TIVA (vs. inhalation group) 0.75 (0.70, 0.79) <  0.001
 90-day cancer mortality
  TIVA (vs. inhalation group) 0.77 (0.72, 0.82) <  0.001
 90-day non-cancer mortality
  TIVA (vs. inhalation group) 0.64 (0.55, 0.75) <  0.001
 One-year all-cause mortality
  TIVA (vs. inhalation group) 0.77 (0.75, 0.80) <  0.001
 One-year cancer mortality
  TIVA (vs. inhalation group) 0.80 (0.77, 0.83) <  0.001
 One-year non-cancer mortality
  TIVA (vs. inhalation group) 0.69 (0.64, 0.74) <  0.001
After PS matching
 90-day mortality
  TIVA (vs. inhalation group) 0.91 (0.85, 0.98) 0.018
 90-day cancer mortality
  TIVA (vs. inhalation group) 0.94 (0.90, 0.98) 0.048
 90-day non-cancer mortality
  TIVA (vs. inhalation group) 0.79 (0.65, 0.95) 0.012
 One-year all-cause mortality
  TIVA (vs. inhalation group) 0.93 (0.89, 0.97) <  0.001
 One-year cancer mortality
  TIVA (vs. inhalation group) 0.93 (0.89, 0.97) 0.001
 One-year non-cancer mortality
  TIVA (vs. inhalation group) 0.94 (0.85, 1.03) 0.177
PS: propensity score, HR: hazard ratio, TIVA: total intravenous 
anesthesia.

Table 4. Subgroup Analysis for 90-day Mortality

Type of cancer surgery HR (95% CI) P value
Lung cancer surgery
 TIVA (vs. inhalation) 1.04 (0.91, 1.20) 0.562
Gastric cancer surgery
 TIVA (vs. inhalation) 0.86 (0.72, 0.97) 0.033
Colorectal cancer surgery
 TIVA (vs. inhalation) 0.64 (0.56, 0.73) <  0.001
Esophageal cancer surgery
 TIVA (vs. inhalation) 1.08 (0.76, 1.54) 0.658
Small bowel cancer surgery
 TIVA (vs. inhalation) 0.97 (0.78, 1.21) 0.779
Liver cancer surgery
 TIVA (vs. inhalation) 0.99 (0.79, 1.27) 0.926
Pancreatic cancer surgery
 TIVA (vs. inhalation) 0.76 (0.57, 0.94) 0.038
BD or GB cancer surgery
 TIVA (vs. inhalation) 1.03 (0.82, 1.28) 0.814
HR: hazard ratio, TIVA: total intravenous anesthesia, BD: bile duct, 
GB: gall bladder.

Table 3. Multivariable Cox Regression Analysis among the Entire 
Cohort

Variable HR (95% CI) P value
90-day mortality
 TIVA (vs. inhalation) 0.88 (0.83, 0.94) <  0.001
90-day cancer mortality
 TIVA (vs. inhalation) 0.90 (0.84, 0.96) 0.003
90-day non-cancer mortality
 TIVA (vs. inhalation) 0.82 (0.69, 0.96) 0.015
One-year all-cause mortality
 TIVA (vs. inhalation) 0.89 (0.86, 0.93) <  0.001
One-year cancer mortality
 TIVA (vs. inhalation) 0.89 (0.85, 0.92) <  0.001
One-year non-cancer mortality
 TIVA (vs. inhalation) 0.92 (0.85, 0.99) 0.033
HR: hazard ratio, TIVA: total intravenous anesthesia.

method. As the results might be influenced by the collected co-
variates, type of endpoint, and type of cancer surgeries, more 
study is needed in the future to clarify this issue. 

The results of the subgroup analyses are important because they 
suggested a potential indication of propofol-based TIVA among 
various cancer surgeries. Gastric, colorectal, and pancreatic cancer 
surgeries were influenced by propofol-based TIVA in this study. 
Previous single-center retrospective studies reported that propo-
fol-based TIVA was associated with better survival outcomes after 
gastric [24,25], colorectal [17], and pancreatic cancer surgeries 
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[26]. Moreover, a national Danish registry study showed that 
propofol-based TIVA is associated with better survival outcomes 
after colorectal cancer surgery [27]. However, other previous 
studies reported no association between propofol-based TIVA 
and mortality after gastric and pancreatic cancer surgery [28,29]. 
Further studies are needed to confirm these findings. 

Currently, several prospective clinical trials, such as NCT04 
316013 (colorectal cancer), NCT03447691 (lung cancer), NCT04 
601961 (liver cancer), and NCT04259398 (colorectal cancer) have 
been planned and are recruiting patients to examine the effects of 
propofol-based TIVA on outcomes after cancer surgery. In the fu-
ture, prospective clinical trials should be conducted to determine 
the optimal choice of anesthesia for cancer surgery. 

Our study had some limitations. First, some important vari-
ables, such as body mass index, cancer type, and duration of an-
esthesia or surgery were not included in this study because of the 
lack of this data in the NHIS database. Second, tumor stages 
among patients with major cancers that could affect mortality af-
ter cancer surgery were not evaluated. Third, there might be 
some residual confounders in this study that might have affected 
the results of multivariable modeling. Fourth, as we included 
only major cancer surgery, other surgeries for the common types 
of cancer, such as thyroid, breast, and prostate cancer, were not 
included in this study. Fifth, the generalizability of the results of 
this study may be limited because the environment or health pol-
icies for patients with cancer may differ in each country. Lastly, 
although we excluded patients who were diagnosed with meta-
static cancer who underwent major cancer surgery, we could not 
guarantee that all patients underwent major cancer surgery with 
curative intent. 

In conclusion, propofol-based TIVA is associated with better 
survival outcomes after major cancer surgery in South Korea. 
This association has been applied to both cancer and non-cancer 
mortality. In addition, propofol-based TIVA was beneficial in pa-
tients who underwent gastric, colorectal, and pancreatic cancer 
surgeries. 
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