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Clinical Research Article

Background: Propofol-based total intravenous anesthesia (TIVA) improves long-term 
outcomes after cancer surgery compared with inhalation anesthesia. However, its effect on 
patients undergoing non-small cell lung cancer (NSCLC) surgery remains unclear. We 
aimed to compare the oncological outcomes of TIVA and inhalation anesthesia after cura-
tive resection of early-stage NSCLC. 
Methods: We analyzed the medical records of patients diagnosed with stage I or II NSCLC 
who underwent curative resection at a tertiary university hospital between January 2010 
and December 2017. The primary outcomes were recurrence-free survival (RFS) and 
overall survival (OS) according to anesthesia type. 
Results: We included 1,508 patients with stage I/II NSCLC. The patients were divided into 
the TIVA (n = 980) and Inhalation (n = 528) groups. The two groups were well-balanced 
in terms of baseline clinical characteristics. The TIVA group demonstrated significantly 
improved RFS (7.7 years, 95% CI [7.37, 8.02]) compared with the Inhalation group (6.8 
years, 95% CI [6.30, 7.22], P = 0.003). Similarly, TIVA was superior to inhalation agents 
with respect to OS (median OS; 8.4 years, 95% CI [8.08, 8.69] vs. 7.3 years, 95% CI [6.81, 
7.71]; P < 0.001). Multivariable Cox regression analysis revealed that TIVA was an inde-
pendent prognostic factor related to recurrence (hazard ratio [HR]: 1.24, 95% CI [1.04, 
1.47], P = 0.014) and OS (HR: 1.39, 95% CI [1.12, 1.72], P = 0.002). 
Conclusions: Propofol-based TIVA was associated with better RFS and OS than inhala-
tion anesthesia in patients with stage I/II NSCLC who underwent curative resection.  
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Introduction 

Surgical resection is the mainstay of treatment for solid cancers. 
However, surgery can cause local tissue damage that activates the 
neuroendocrine and immune systems, and micrometastasis 
through the spread of cancer cells into the systemic circulation 
[1,2]. Similar to surgery, anesthetics also play a crucial role in this 
pathophysiology [3–5]. Anesthetic agents can affect immuno-
modulation, metabolic pathways, and cancer progression through 
various mechanisms; therefore, they may be associated with long-
term oncological prognosis [3,6,7]. Propofol has more favorable 
anti-tumor effects than inhalation agents with respect to recur-
rence-free survival (RFS) and overall survival (OS) in patients un-
dergoing major cancer surgery for gastroesophageal, colorectal, 
and hepatobiliary cancers [3,6,8–10]. Additionally, preclinical 
studies have shown that propofol can suppress the growth, inva-
sion, and metastasis of cancer cells as well as promote apoptosis 
[11,12]; contrastingly, volatile anesthetics have inconsistent effects 
on the metastasis and invasion of cancer cells [13–15]. 

Lung cancer is among the most common cancers worldwide 
[16]. The main subtypes of lung cancer are small-cell and non-
small cell lung cancers (NSCLC), and NSCLC accounts for ap-
proximately 80%–85% of all lung cancer diagnoses. According to 
US statistics, the five-year relative survival rate for lung and bron-
chial cancer is approximately 61.2% for local cancer. 

However, it remarkably decreases when cancer metastasizes to 
local lymph nodes (33.5%) or distant metastases (7%) [17]. Cura-
tive resection for lung cancer is one of the major lengthy surgeries; 
furthermore, all patients should undergo one-lung ventilation that 
can induce physiological and pathological alterations [4]. Howev-
er, the effects of anesthetics on lung cancer prognosis remain un-
clear. Previous studies have assessed a relatively small sample size, 
or an inhomogeneous patient population diagnosed with stage I–
IV NSCLC [18–20]. Moreover, the patients included in these 
studies could have had residual confounders. Validated data anal-
ysis using large-scale cohorts may reliably determine the anti-tu-
mor protective effects of propofol in patients undergoing surgical 
resection for NSCLC. 

Therefore, we aimed to compare RFS and OS between propo-
fol-based total intravenous anesthesia (TIVA) and volatile agent-
based inhalation anesthesia in patients undergoing curative resec-
tion for stage I or II NSCLC in a larger cohort than those in previ-
ous studies. In addition, we aimed to investigate the clinical fac-
tors affecting long-term oncological outcomes. We hypothesized 
that compared with volatile agent-based inhalation anesthesia, 
propofol TIVA allowed improved OS and RFS in patients with 
stage I or II NSCLC. 

Materials and Methods 

This study was approved by the Institutional Review Board of 
the Catholic University Seoul St. Mary’s Hospital (approval num-
ber: PC20RISI0031; date: March 19, 2020) that waived the re-
quirement for informed consent, as this was a retrospective analy-
sis. This study was performed in accordance with the Strengthen-
ing the Reporting of Observational Studies in Epidemiology 
(STROBE) statement. 

Study population 

We reviewed the electronic medical records of all patients who 
were diagnosed with stage I or II NSCLC and underwent curative 
resection through video-assisted thoracoscopy (VAT) or thoracot-
omy (such as pneumonectomy, lobectomy, segmentectomy, and 
wedge resection) at a tertiary care teaching hospital between Jan-
uary 2010 and December 2017 (follow-up closure: May 1, 2021). 
The exclusion criteria were as follows: (1) primary cancer in other 
organs, except for cervical carcinoma in situ, treated basal cell car-
cinoma, superficial bladder tumors (Ta, Tis, and T1), or any can-
cer curatively treated less than three years before enrolment; (2) 
pathologic staging M1 or N3; (3) incomplete resection; (4) loss to 
follow-up within five postoperative years; (5) death within one 
month due to surgery-related complications; (6) occurrence of 
other primary cancers within five postoperative years; (7) incom-
plete medical records; (8) administration of both intravenous and 
inhalation anesthetics; (9) American Society of Anesthesiologists 
(ASA) physical status more than IV and unknown anesthesia 
type; and (10) administration of the same anesthesia type for mul-
tiple surgeries during the study period.  

Anesthetic technique 

Patients were grouped according to whether they received 
propofol-based TIVA (TIVA group) or inhalation anesthesia (In-
halation group) for lung cancer surgery. The type of anesthesia 
was chosen at the discretion of the attending anesthesiologist. Pa-
tients in the TIVA group underwent continuous administration of 
propofol (target effect-site concentration: 3–6 μg/ml) and 
remifentanil (target effect-site concentration: 2.5–4.5 ng/ml) via a 
target-controlled infusion pump. Patients in the Inhalation group 
received either sevoflurane 1.5–2.5 vol% or desflurane 4–8 vol% 
with 50%–100% oxygen in the air and continuous remifentanil 
infusion (0.02–0.15 μg/kg/min). 

Although the anesthetics used were different (volatile agents vs. 
propofol), patients in both groups received similar general care. 
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Regional anesthesia for analgesia was not administered during the 
study period. None of the patients received nitrous oxide. For he-
modynamic and fluid management, conventional variables, in-
cluding heart rate, continuous arterial pressure, central venous 
pressure, and urine output, were measured. 

Variables and outcome measurements 

All data relating to the procedure and anesthesia were obtained 
from hospital electronic medical records. Specifically, we retro-
spectively collected the following data: date of surgery, anesthetic 
technique, ASA physical status, age at the time of surgery, sex, 
body mass index (BMI), smoking history, comorbid diseases, op-
eration title (lobectomy, segmentectomy, wedge resection, pneu-
monectomy, and others), location of primary cancer, postopera-
tive stage, primary tumor size, surgical resection margin, intraop-
erative packed red cells (PRC) transfusion, anesthesia time, post-
operative ventilator care, and the presence of distant metastasis at 
the time of surgery. We categorized the operations as sub-lobecto-
my, lobectomy, and pneumonectomy. Less invasive operations 
than lobectomy were defined as sub-lobectomy that included seg-
mental and wedge resection. Pneumonectomy included pneumo-
nectomy with modified lymph node dissection, pneumonectomy 
with pleurolysis, and pneumonectomy with pulmonary artery an-
gioplasty. 

The primary study endpoint was the between-group compari-
son of long-term oncological outcomes, including RFS and OS, 
after lung cancer surgery. OS was defined as the period from the 
date of curative surgery to the date of death, while RFS was de-
fined as the period from the date of surgery to the date of recur-

rence or death. The secondary endpoint was the investigation of 
other clinical factors, including anesthesia type that affected RFS 
and OS. 

Statistical analysis 

Patient characteristics and surgery type were described using 
numbers and proportions for categorical variables and medians 
with ranges for continuous variables. Between-group comparisons 
of continuous and categorical variables were performed using the 
t-test and χ2 test, respectively. Cox proportional hazards regression 
analysis was performed to obtain the hazard ratio (HR) and 95% 
CI of prognostic factors for RFS and OS. Multivariable analysis 
was conducted with factors significant in the univariate analysis 
to examine their independent association with RFS and OS. Addi-
tionally, between-group comparisons of OS and RFS were made 
using the Kaplan-Meier method and tested using the log-rank 
test. Statistical significance was set at P <  0.05. All statistical anal-
yses were performed using SPSS® software (version 24.0; SPSS 
Inc., USA) for Windows® (Microsoft Corp., USA).  

Results  

Patients, tumor, and surgical characteristics 

Among 2,159 patients who underwent curative-intent resection 
for NSCLC between January 2010 and December 2017, we in-
cluded 1,508 patients diagnosed with stage I/II NSCLC (TIVA 
group, n =  980; Inhalation group, n =  528) (Fig. 1). 

Baseline characteristics were well balanced between the groups 

Fig. 1. Study flow diagram. NSCLC: non-small cell lung cancer, TIVA: total intravenous anesthesia.

Patients received curative resection of NSCLC
Jan 2010 to Dec 2017 (n = 2,159)

Analytic population 
(n = 1,508)  

Excluded (n = 651) 
• Pathologic stage III or IV (n = 235)
• Diagnosed with synchronous other cancers (n = 198) 
• Patients received preoperative treatment (n =61)
• Incomplete medical records (n = 157)

TIVA group
(n = 980)

Inhalation group 
(n = 528)
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Table 1. Baseline Characteristics according to Anesthesia Type

Characteristic Total 
(n =  1,508) 

TIVA group 
(n =  980) 

Inhalation group 
(n =  528) P value

Age (yr)  65 (25, 92) 65 (30, 92) 66 (25, 84) 0.106
Sex 0.076
 M 856 (56.8) 540 (55.1) 316 (59.8)
 F 652 (43.2) 440 (44.9) 212 (40.2)
BMI 0.859
 ≤  25 967 (64.1) 630 (64.3) 337 (63.8)
 >  25 541 (35.9) 350 (35.7) 191 (36.2)
ASA physical status 0.100
 I 198 (13.1) 134 (13.7) 64 (12.1)
 II 1189 (78.8) 758 (77.3) 431 (81.6)
 III 121 (8.0) 88 (9.0) 33 (6.3)
Smoking history 0.116
 Never smoker 1012 (67.1) 644 (65.7) 368 (69.7)
 Ex/current smoker 496 (32.9) 336 (34.3) 160 (30.3)
HBP 0.098
 No 1142 (75.7) 729 (74.4) 413 (78.2)
 Yes 366 (24.3) 251 (25.6) 115 (21.8)
DM 0.069
 No 1258 (83.4) 805 (82.1) 453 (85.8)
 Yes 250 (16.6) 175 (17.9) 75 (14.2)
COPD 0.163
 No 1333 (88.4) 858 (87.6) 475 (90.0)
 Yes 175 (11.6) 122 (12.4) 53 (10.0)
Ischemic heart disease 0.495
 No 1471 (97.5) 954 (97.3) 517 (97.9)
 Yes 37 (2.5) 26 (2.7) 11 (2.1)
Cerebrovascular disease 0.240
 No 1051 (69.7) 673 (68.7) 378 (71.6)
 Yes 457 (30.3) 307 (31.3) 150 (28.4)
Location of primary cancer 0.413
 RUL 473 (31.4) 315 (32.1) 158 (29.9)
 RML 130 (8.6) 89 (9.1) 41 (7.8)
 RLL 331 (21.9) 213 (21.7) 118 (22.3)
 LUL 342 (22.7) 224 (22.9) 118 (22.3)
 LLL 232 (15.4) 139 (14.2) 93 (17.6)

(Continued to the next page)

(Table 1). There was male predominance; moreover, two-thirds of 
the patients had a BMI <  25. Most patients had an ASA physical 
status of I or II. The proportion of patients with underlying dis-
eases, including hypertension, diabetes mellitus (DM), chronic 
obstructive pulmonary disease (COPD), ischemic heart disease, 
and cerebrovascular disease, was similar to that in the general 
population. More than two-thirds of the patients had stage I NS-
CLC. Most patients (84.7%) underwent VAT surgery, and the pro-
portion of patients was not significantly different between the two 
groups (839 [85.6%] in the TIVA group and 438 [83.0%] in the 
Inhalation group, P =  0.178). The anesthesia time was less than 3 
h in more than 90% of cases. More patients in the TIVA group 
underwent postoperative ventilator care (n =  82 [8.37%] in the 

TIVA group, n =  9 [1.70%] in the Inhalation group; P <  0.001). 
The median follow-up periods in the TIVA and Inhalation 

groups were 73.7 months (53.1, 99.9) and 73.5 months (36.3, 
99.5), respectively. The overall mortality rates in the TIVA and In-
halation groups were 22.4% and 30.1%, respectively. The propor-
tions of recurrence and death in the TIVA and Inhalation groups 
were 28.8% and 35.2%, respectively. 

The effect of anesthesia type on survival outcomes 

In the univariate analysis, anesthesia type was significantly as-
sociated with RFS. Among the factors significantly associated 
with RFS in the univariate analysis, age, sex, BMI, DM, COPD, 
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Characteristic Total 
(n =  1,508) 

TIVA group 
(n =  980) 

Inhalation group 
(n =  528) P value

Stage (TNM) 0.070
 I 1088 (72.1) 692 (70.6) 396 (75.0)
 II 420 (27.9) 288 (29.4) 132 (25.0)
Pathologic T stage 0.137
 pT1 875 (58.0) 587 (59.9) 288 (54.5)
 pT2 505 (33.6) 318 (32.4) 188 (35.6)
 pT3 120 (8.0) 72 (7.3) 48 (9.1)
 Tis 7 (0.5) 3 (0.3) 4 (0.8)
Pathologic N stage 0.239
 pN0 1331 (88.3) 872 (89.0) 459 (86.9)
 pN1 177 (11.7) 108 (11.0) 69 (13.1)
Primary tumor size 0.178
 ≤  2 cm 609 (40.4) 408 (41.6) 201 (38.1)
 >  2 cm 899 (59.6) 572 (58.4) 327 (61.9)
Resection margin 0.391
 Clear 1485 (98.5) 967 (98.7) 518 (98.1)
 Involved 23 (1.5) 13 (1.3) 10 (1.9)
Surgery type 0.097
 Sub-lobectomy 248 (16.4) 150 (15.3) 98 (18.6)
 Lobectomy 1242 (82.4) 821 (83.8) 421 (79.7)
 Pneumonectomy 18 (1.2) 9 (0.9) 9 (1.7)
Intraoperative PRC transfusion requirement 0.065
 No 1399 (92.8) 918 (93.7) 481 (91.1)
 Yes 109 (7.2) 62 (6.3) 47 (8.9)
Anesthesia time 0.065
 ≤  180 min 1399 (92.8) 918 (93.7) 481 (91.1)
 >  180 min 109 (7.2) 62 (6.3) 47 (8.9)
Values are presented as median (Q1, Q3) or number of patients (%). TIVA: total intravenous anesthesia, BMI: body mass index, ASA physical 
status: American Society of Anesthesiologists physical status, HBP: hypertension, DM: diabetes mellitus, COPD: chronic obstructive pulmonary 
disease, RUL: right upper lobe, RML: right middle lobe, RLL: right lower lobe, LUL: left upper lobe, LLL: left lower lobe, TNM: tumor, nodes, and 
metastases, PRC: packed red cells.

Table 1. Continued

cancer stage, intraoperative PRC transfusion, and anesthesia type 
were significant factors in the multivariate analysis (Table 2). Pa-
tients in the Inhalation group had a more than 20% higher risk of 
recurrence than patients in the TIVA group that was significantly 
different. Additionally, the tumor, nodes, and metastases (TNM) 
stage was a strong independent prognostic factor affecting recur-
rence. Older patients showed more frequent recurrences (>  30%) 
than younger patients. Male patients had a 27% higher risk of re-
currence than female patients. The presence of underlying diseas-
es, including DM and COPD, independently affected recurrence 
rates. The five-year RFS rates were 67% and 59% in the TIVA and 
Inhalation groups, respectively. The TIVA group had better RFS 
(7.7 years, 95% CI [7.37, 8.02]) than the Inhalation group (6.8 
years, 95% CI [6.30, 7.22], P =  0.003) (Fig. 2A). 

Moreover, anesthesia type was independently associated with 
OS in the multivariate analysis (Table 3). The Inhalation group 
showed a nearly 40% higher mortality risk than the TIVA group. 

ASA physical status and resection margin were other independent 
prognostic factors for OS in the multivariable analysis. The TIVA 
group showed a longer median OS (8.4 years, 95% CI [8.08, 8.69])
than the Inhalation group (7.3 years, 95% CI [6.81, 7.71], P <  
0.001). The five-year OS rates were 74% and 65% in the TIVA and 
Inhalation groups, respectively (Fig. 2B). 

Discussion 

This study demonstrated that compared with inhalation anes-
thesia, propofol-based TIVA was associated with improved RFS 
and OS rates in patients who underwent curative resection for 
stage I/II NSCLC. Both RFS and OS were approximately one year 
longer in the TIVA group than in the Inhalation group. In addi-
tion to anesthetic agents, older age, male sex, BMI >  25, DM, 
COPD, a higher TNM stage, and intraoperative PRC transfusion 
were significantly associated with RFS. Moreover, ASA physical 
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Table 2. Factors associated with Recurrence-free Survival on the Cox Proportional Hazards Model

Characteristic
RFS

Univariable Multivariable
Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Age <  0.001 0.001
 <  65 1.00 (reference) 1.00 (reference)
 ≥  65 1.79 (1.49, 2.16) 1.35 (1.14, 1.61)
Sex <  0.001 0.003
 F 1.00 (reference) 1.00 (reference)
 M 1.91 (1.56, 2.33) 1.27 (1.07, 1.50)
BMI 0.016 0.007
 ≤  25 1.00 (reference) 1.00 (reference)
 >  25 0.79 (0.65, 0.96) 1.24 (1.02, 1.51)
ASA PS <  0.001 0.118
 I 1.00 (reference) 1.00 (reference)
 II 1.45 (1.07, 1.97) 1.19 (0.90, 1.57)
 III 2.54 (1.73, 3.72) 1.52 (1.07, 2.17)
Smoking history <  0.001 0.536
 Never 1.00 (reference) 1.00 (reference)
 Ex/current 1.41 (1.17, 1.70) 1.06 (0.88, 1.27)
HBP 0.300
 No 1.00 (reference)
 Yes 1.12 (0.91, 1.38)
DM <  0.001 0.006
 No 1.00 (reference) 1.00 (reference)
 Yes 1.51 (1.21, 1.89) 1.41 (1.14, 1.74)
COPD <  0.001 0.004
 No 1.00 (reference) 1.00 (reference)
 Yes 1.80 (1.40, 2.30) 1.42 (1.12, 1.81)
Ischemic heart disease 0.094
 No 1.00 (reference)
 Yes 1.89 (0.90, 4.00)
Cerebrovascular disease 0.147
 No 1.00 (reference)
 Yes 1.16 (0.95, 1.41)
Location of primary cancer 0.993
 RUL 1.00 (reference)
 RML 1.04 (0.73, 1.47)
 RLL 1.01 (0.89, 1.31)
 LUL 1.06 (0.32, 1.36)
 LLL 1.05 (0.79, 1.39)
Primary tumor size 0.643
 ≤  2 cm 1.0 (reference)
 >  2 cm 1.045 (0.87, 1.26)
Resection margin 0.057
 Clear 1.00 (reference)
 Involved 1.79 (0.98, 3.27)
Surgery type 0.028 0.381
 Sub-lobectomy 0.97 (0.75, 1.26) 0.96 (0.75, 1.24)
 Lobectomy 1.00 (reference) 1.00 (reference)
 Pneumonectomy 2.34 (1.25, 4.38) 1.47 (0.84, 2.57)
Stage 0.004 <  0.001
 I 1.0 (reference) 1.00 (reference)
 II 1.37 (1.13, 1.66) 1.68 (1.52, 1.86)

(Continued to the next page)
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status and resection margin involvement were significantly asso-
ciated with OS. 

There have been numerous studies on the effects of different 
anesthetic types, including propofol and volatile agents, on long-
term outcomes of cancer surgeries [3,5,6,8–10,21]. It is difficult to 
conclusively determine the relationship between anesthetics and 
cancer recurrence or survival, considering the wide range of can-
cer types and patient conditions. Therefore, it is important to in-
vestigate the distinct effects of anesthetics on different cancer 
types. According to recent meta-analyses, the anesthetic type in-
fluences long-term outcomes in patients undergoing major sur-
gery for hepatobiliary and gastroesophageal cancer with high sur-
gical stress [3,5]. Contrastingly, anesthesia type was not associated 

with survival in patients who underwent less invasive surgery for 
cancers such as breast cancer or gliomas [3,5]. 

During lung cancer surgery, major physiological changes, in-
cluding respiratory stress and activation of inflammation and im-
mune response, can occur due to one-lung ventilation and surgi-
cal stimulation [4]. Therefore, anesthetics may affect the outcome 
of lung cancer surgery. However, the optimal anesthetic for one-
lung ventilation and pulmonary resection of lung cancer remains 
unclear [4,22]. Regarding one-lung ventilation-induced patho-
physiology, propofol could be beneficial since it decreases the in-
traoperative shunt and maintains oxygenation better than inhala-
tion anesthetics. Contrastingly, a few studies have reported that 
inhalation anesthetics exerted better anti-inflammatory properties 

Characteristic
RFS

Univariable Multivariable
Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Intraoperative PRC transfusion requirement <  0.001 0.002
 No 1.00 (reference) 1.00 (reference)
 Yes 2.11 (1.62, 2.74) 1.52 (1.17, 1.96)
Anesthesia time 0.001 0.135
 ≤  180 min 1.00 (reference) 1.00 (reference)
 >  180 min 1.46 (1.16, 3.27) 1.18 (0.95, 1.47)
Anesthesia type 0.003 0.014
 TIVA 1.00 (reference) 1.00 (reference)
 Inhalation 1.32 (1.10, 1.59) 1.24 (1.04, 1.47)
RFS: recurrence-free Survival, HR: hazard ratio, BMI: body mass index, ASA PS: American Society of Anesthesiologists physical status, HBP: 
hypertension, DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease, RUL: right upper lobe, RML: right middle lobe, RLL: right 
lower lobe, LUL: left upper lobe, LLL: left lower lobe, PRC: packed red cells, TIVA: total intravenous anesthesia.

Table 2. Continued

Fig. 2. (A) Kaplan-Meier recurrence free and (B) overall survival curves from the date of curative resection for non-small cell lung cancer surgery 
by anesthesia type. TIVA: patients received propofol total intravenous anesthesia, inhalation: patients received inhalation anesthesia.
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Table 3. Factors associated with Overall Survival on the Cox Proportional Hazards Model

Characteristic
OS

Univariable Multivariable
Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Age <  0.001 <  0.001
 <  65 1.00 (reference) 1.00 (reference)
 ≥  65 2.40 (1.93, 2.97) 1.74 (1.43, 2.11)
Sex <  0.001 <  0.001
 F 1.00 (reference) 1.00 (reference)
 M 1.56 (1.39, 1.76) 1.85 (1.47, 2.33)
BMI 0.005 0.023
 ≤  25 1.00 (reference) 1.00 (reference)
 >  25 0.73 (0.59, 0.91) 0.77 (0.62, 0.7)
ASA PS <  0.001 0.041
 I 1.00 (reference) 1.00 (reference)
 II 1.76 (1.22, 2.53) 1.22 (0.84, 1.77)
 III 3.38 (2.19, 5.22) 1.70 (1.07, 2.68)
Smoking history <  0.001 0.096
 Never 1.00 (reference) 1.00 (reference)
 Ex/current 1.55 (1.27, 1.91) 1.21 (0.97, 1.51)
HBP 0.098
 Absent 1.00 (reference)
 Present 1.22 (0.96, 1.53)
DM <  0.001 0.027
 Absent 1.00 (reference) 1.00 (reference)
 Present 1.59 (1.24, 2.0) 1.33 (1.03, 1.73)
COPD <  0.001 0.009
 Absent 1.00 (reference) 1.00 (reference)
 Present 1.83 (1.39, 2.41) 1.46 (1.10, 1.93)
Ischemic heart disease 0.158
 Absent 1.00 (reference)
 Present 1.79 (0.80, 4.01)
Cerebrovascular disease 0.152
 Absent 1.00 (reference)
 Present 1.17 (0.94, 1.46)
Location of primary cancer 0.937
 RUL 1.00 (reference)
 RML 0.95 (0.63, 1.41)
 RLL 1.01 (0.76, 1.34)
 LUL 1.11 (0.84, 1.45)
 LLL 1.03 (0.75, 1.40)
Primary tumor size 0.510
 ≤  2 cm 1.0 (reference)
 >  2 cm 1.07 (0.87, 1.32)
Resection margin 0.032 0.016
 Negative 1.00 (reference) 1.00 (reference)
 Positive 1.99 (1.06, 3.75) 2.17 (1.49, 4.11)
Surgery type 0.097
 Sub-lobectomy 0.93 (0.71, 1.21)
 Lobectomy 1.00 (reference)
 Pneumonectomy 1.93 (1.03, 3.62)
Stage 0.001 0.009
 I 1.0 (reference) 1.00 (reference)
 II 1.41 (1.14, 1.74) 1.33 (1.07, 1.64)

(Continued to the next page)

343https://doi.org/10.4097/kja.22584

Korean J Anesthesiol 2023;76(4):336-347

https://doi.org/10.4097/kja.22584


than propofol [4,23]. Lee et al. [22] investigated the short-term 
prognosis of patients with lung cancer who underwent propo-
fol-based TIVA or inhalation anesthesia for anatomical lung resec-
tion. They found that patients who received propofol-based TIVA 
had shorter hospital and intensive care unit stays as well as chest 
tube indwelling durations than patients who received inhalation 
anesthesia; however, there was no significant between-group dif-
ference in 30-day postoperative mortality [22]. In long-term prog-
nosis, propofol TIVA was associated with better OS and RFS than 
inhalation anesthesia in patients with esophageal cancer who un-
derwent one-lung ventilation [8]. For patients with NSCLC, there 
have been inconsistent reports on the effects of propofol-based 
TIVA on OS or RFS in patients undergoing surgical resection [18–
20]. A study on 943 Korean patients indicated that propofol-based 
TIVA did not affect OS or RFS in patients with stage I–IV NSCLC 
[20]. However, more than a quarter of the patients presented 
lymph node metastasis and showed a remarkable increase in the 
HR for recurrence or death with the pathological stage in their 
study. The outcomes of advanced-stage NSCLC may be highly in-
fluenced by additional chemotherapy or radiation therapy before 
and after surgery that impedes the evaluation of the independent 
effects of anesthetics during radical resection. Furthermore, a re-
cent multicenter study including 746 patients with stage I–III NS-
CLC reported that OS and cancer-specific survival did not differ 
between patients who underwent propofol-based TIVA and inha-
lation anesthesia [18]. However, their study cohort only included 
open thoracotomy, had a relatively short mean follow-up period 
(3.65 years), and did not consider the patients’ underlying disease. 
Another study on 230 patients with pathologic stage I NSCLC re-
ported a significantly longer RFS in patients who underwent 
propofol-based TIVA than in those who underwent inhalation 

anesthesia [19]. This is in line with our findings; however, com-
pared with our study, this previous study had a shorter follow-up 
period and a relatively smaller sample. This study included a larg-
er number of consecutive patients and more homogenous groups 
with a longer follow-up period than the previous studies. 

We found that propofol-based TIVA improved both OS and 
RFS that is consistent with the results in several preclinical re-
ports. Propofol plays a role in inhibiting cell proliferation, migra-
tion, and invasion; further, it promotes apoptosis in various tumor 
cells by regulating the expression of various signaling pathway 
components and micro- and long non-coding RNAs [7,11]. In 
NSCLC cells, exposure to propofol increases the activity of the ex-
tracellular signal-regulated kinase 1/2 dependent p53-upregulated 
modulator of the apoptosis signaling pathway that decreases cell 
viability and promotes cell apoptosis [24]. Furthermore, propofol 
inhibits cell invasion by reducing hypoxia-inducible factor 1α ex-
pression in lipopolysaccharide-treated NSCLC cells [25]. In addi-
tion, propofol upregulates the expression of micro-RNA (miR)-
486 and miR-1284 as well as downregulates the expression of 
miR-372 in NSCLC cells that inhibits cell growth, migration, and 
invasion [25–27]. However, there have been inconsistent reports 
regarding the effects of inhalation anesthetics on NSCLC cells. 
Isoflurane activates the Akt-mTOR signaling pathway; further, it 
promotes the proliferation, migration, and invasiveness of NSCLC 
cells, resulting in pro-tumor effects [15]. Exposure of Lewis lung 
carcinoma cells to sevoflurane promotes cell proliferation in vitro 
[28]. However, another in vitro study reported that sevoflurane 
exerts antitumor effects by inhibiting the proliferation and inva-
sion of lung adenocarcinoma cells and enhancing apoptosis by 
regulating the long-chain RNA PCAT6/miR-326/Wnt5a/β-caten-
in axis [29]. A recent prospective clinical study reported that com-

Characteristic
OS

Univariable Multivariable
Crude HR (95% CI) P value Adjusted HR (95% CI) P value

Intraoperative pack PRC transfusion requirement <  0.001 0.002
 Negative 1.00 (reference) 1.00 (reference)
 Positive 2.39 (1.81, 3.15) 1.64 (1.21, 2.22)
Anesthesia time <  0.001 0.290
 ≤  180 min 1.00 (reference) 1.00 (reference)
 >  180 min 1.70 (1.34, 2.15) 1.15 (0.88, 1.51)
Anesthesia type <  0.001 0.002
 TIVA 1.00 (reference) 1.00 (reference)
 Inhalation 1.50 (1.22, 1.84) 1.39 (1.12, 1.72)
OS: overall survival, HR: hazard ratio, BMI: body mass index, ASA PS: American Society of Anesthesiologists physical status, HBP: hypertension, 
DM: diabetes mellitus, COPD: chronic obstructive pulmonary disease, RUL: right upper lobe, RML: right middle lobe, RLL: right lower lobe, LUL: 
left upper lobe, LLL: left lower lobe, PRC: packed red cells, TIVA: total intravenous anesthesia. 
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pared with sevoflurane anesthesia, propofol anesthesia could de-
crease the serum concentration of tumor angiogenesis-related 
factors, including vascular endothelial growth factor and trans-
forming growth factor beta, in patients undergoing radical resec-
tion of NSCLC that indicates that propofol exerts anti-tumor ef-
fects [30]. Therefore, there is a need for prospective clinical stud-
ies on biomarkers or miRNA expression to elucidate the exact 
mechanism underlying the effects of propofol or volatile anesthet-
ics on oncologic outcomes. Our findings could provide evidence 
for future prospective randomized multicenter studies. 

In our study, the five-year RFS rates were 67% and 59% in the 
TIVA and Inhalation groups, respectively, while the correspond-
ing values for the five-year OS rates were 74% and 65%. Patients 
in the TIVA group showed approximately one year longer RFS 
and OS than those in the Inhalation group. A previous study on 
stage I NSCLC showed similar results; however, both the five-year 
RFS (91.7% and 77.4% in the TIVA and Inhalation groups, re-
spectively) and OS rates (94.4% and 83.5% in the TIVA and Inha-
lation groups, respectively) were higher than those in our study, as 
the patients had a lower cancer stage [19]. Another study on pa-
tients with stage I–III NSCLC showed no difference in the five-
year cancer-specific survival rate between the TIVA (68.1%) and 
the Inhalation groups (70.8%) [18]. Although we did not investi-
gate cancer-specific survival, we analyzed data regarding longer 
follow-up periods and observed between-group differences in the 
number of years of survival. Our findings could be evidence for 
the selection of anesthetics not only during general anesthesia but 
also during sedation for intervention, ventilator care, and radio-
logical examination in patients with NSCLC. 

Several perioperative factors other than the anesthesia type can 
affect the long-term outcomes of cancer surgery. Previous studies 
have reported that not only advanced cancer stages and lymph 
node invasion but also demographic characteristics such as male 
sex and older age were commonly associated with RFS or OS in 
patients undergoing resection for NSCLC [19,20]. Regarding an-
esthesia-related factors, surgery, anesthesia time, and intraopera-
tive PRC transfusion are associated with recurrence and death 
[20]. Our findings are similar to previous findings; however, DM 
and COPD were independent factors related to both RFS and OS. 
As an anesthesia-related factor, intraoperative PRC transfusion 
was associated with both RFS and OS. Perioperative blood trans-
fusion modulates the immune system that increases the risk of 
cancer recurrence and mortality [31,32]. Previous studies on 
esophageal, digestive, and other mixed cancer types have also re-
ported that perioperative blood transfusion was associated with 
worse OS and RFS [6,8,33]. 

This study has several limitations. First, this was a retrospective, 

single-center study. Additionally, the choice of anesthetic was not 
standardized. Both sampling and selection biases may have influ-
enced our findings. Therefore, our findings should be interpreted 
with caution. Second, we did not evaluate postoperative acute re-
spiratory or renal complications, sepsis, or other organ injuries 
that could affect long-term outcomes. A previous study on pa-
tients with stage I NSCLC suggested that postoperative pulmo-
nary complications were significantly associated with OS, but not 
RFS, as indicated by multivariate analysis [19]. However, another 
prospective, multicenter study on morbidity and mortality in lung 
surgery reported no difference in the rates of major complications 
during the hospital stay and at six postoperative months between 
patients who received propofol and those who received inhaled 
anesthesia [34]. Additionally, Oh et al. [20] reported that postop-
erative complications were not associated with recurrence or 
death in patients with stage I–IV NSCLC. Further studies are war-
ranted to address this issue. Third, although analgesia could affect 
metastatic recurrence [32], we did not consider factors regarding 
perioperative pain control, including opioids and NSAID use. 
However, two previous studies reported that the number of opi-
oids or systemic opioid use was not associated with the recurrence 
risk and mortality in patients with NSCLC [18,35]. Finally, al-
though we performed multivariable analyses and the baseline 
characteristics were balanced between both groups, there could 
have been other unmeasured confounders.  

In conclusion, propofol-based TIVA was associated with better 
RFS and OS than was inhalation agents in patients with stage I/II 
NSCLC who underwent curative resection. Our findings could 
inform future prospective randomized multicenter studies.  
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