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Anesthesia and Cancer Recurrence
Context for Divergent Study Outcomes
Daniel I. Sessler, M.D., Bernhard Riedel, M.D., Ph.D.

Intraoperative mortality is now 
so low that its rate is hard to 

measure. In contrast, postoperative 
mortality remains common, with 
about 2% of United States surgical 
inpatients dying within a month—
mostly of cardiovascular causes. 
Longer-term mortality is even 
more common, with about 5% 
of surgical patients dying within 
a year; among patients more than 
65 yr of age (about a third of U.S. 
surgical patients), a staggering 1 in 
10 patients are dead within a year 
of inpatient surgery.
The leading cause of long-term 

mortality is cancer. Even after 
apparently complete resection, 
postoperative cancer recurs in up 
to one third of patients—and it is 
usually metastatic disease that even-
tually proves lethal.1 High mortal-
ity after cancer surgery begs the 
question of whether there is any 
aspect of anesthetic management 
that might reduce the risk of disease recurrence, because 
even a small benefit would potentially save many lives. 
The article by Yoo et al.2 in this issue of Anesthesiology 
addresses this matter.
It might seem intrinsically unlikely that any aspect of 

anesthetic management, lasting a matter of hours, could 
influence recurrence of cancer that occurs months to 
years later. But the perioperative period produces substan-
tial biologic perturbations. For example, surgery produces 
intense stress that is characterized by activation of neu-
ral and inflammatory signaling pathways, suppressed cell- 
mediated immunity lasting up to 1 week, and release of 
proangiogenic factors—all of which impair natural killer 
cells, our major defense against cancer. Accumulating 

evidence suggests that these 
perioperative events might pro-
mote progression of minimal 
residual disease or creation of a 
premetastatic niche that traps cir-
culating tumor cells, leading to 
clinical cancer recurrence.
The degree of biologic pertur-

bation depends on the magnitude 
of the surgical insult. For example, 
in animal models, larger opera-
tions produce more metastases.3 
In murine ortho topic models of 
spontaneous postoperative metas-
tasis, simple primary breast tumor 
resection does not progress to 
metastatic disease unless accom-
panied by the surgical stress and 
tissue injury of a laporotomy.4 
Consistent with this theory, min-
imally invasive surgery may reduce 
recurrence risk,5,6 whereas post-
operative inflammatory complica-
tions such as wound infection and 
anastomotic leak further increase 

the risk of cancer recurrence.7

Anesthetic management potentially influences long-term 
cancer outcomes.8 In vitro, animal, and (mostly retrospec-
tive) clinical evidence supports three anesthetic approaches 
that might reduce cancer recurrence risk: (1) regional 
analgesia including neuraxial and paravertebral blocks; 
(2) anesthetic adjuvants such as β-adrenoceptor antago-
nists, nonsteroidal anti-inflammatory drugs, and intrave-
nous lidocaine; and (3) propofol (vs. volatile) anesthesia. 
Overarching these anesthetic approaches is modulation of 
the neural–inflammatory signaling that accompanies surgi-
cal stress. We will focus on the third of these mechanisms.
Volatile anesthetics impair numerous immune functions 

including neutrophils, macrophages, dendritic cells, T-cells, 

“...to the extent that propofol– 
total intravenous anesthesia 
reduces cancer recurrence ... 
benefit is most probable in 
patients having major cancer 
surgery.”

Image: @ThinkStock.

This article has been selected for the ANESTHESIOLOGY CME Program. Learning objectives and disclosure and ordering information can be found in the CME section at the front of 
this issue. Corresponding article on page 31.

Accepted for publication October 8, 2018. From the Department of Outcomes Research, Anesthesiology Institute, Cleveland Clinic, Cleveland, Ohio (D.I.S.); Peter MacCallum Cancer 
Centre, Melbourne, Australia; Sir Peter MacCallum Department of Oncology and Centre for Integrated Critical Care, University of Melbourne, Parkville, Australia; Cancer and Neural-
Immune Research Laboratory, Monash Institute of Pharmaceutical Sciences, Monash University, Melbourne, Australia (B.R.).

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2019; 130:3–5

 

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.<zdoi;10.1097/ALN.0000000000002506>

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1

JohnVogel1



4 Anesthesiology 2019; 130:3–5 D. I. Sessler and B. Riedel

EDITORIAL VIEWS

and natural killer cells. Volatile anesthetics also upregulate 
hypoxia inducible factor 1α and phosphoinositide 3-kinase-
Akt pathway signaling and have antiapoptotic properties, all 
of which promote proliferation of minimal residual disease.9 
In contrast, propofol used for total intravenous anesthesia may 
be protective through its anti-inflammatory and antioxidant 
properties,10 preserved natural killer cell function,11 and inhi-
bition of mammalian target of rapamycin, p53, p38 mitogen- 
activated protein kinase, and matrix metalloproteinase 
signaling.
Wigmore et al.12 conducted a retrospective, propensity- 

matched cohort analysis of 7,030 patients who had various 
types of cancer surgery and reported improved overall sur-
vival in patients given propofol rather than volatile anes-
thesia (15.6% vs. 22.8% 5-yr mortality after surgery; hazard 
ratio, 0.68; 95% CI, 0.60 to 0.78; P < 0.001). Their results 
are consistent with other retrospective studies that also 
report improved overall survival with propofol anesthe-
sia for esophageal (N = 922),13 gastric (N = 2,856),14 and 
colon (N = 1,363)15 cancer surgery. The results of  Yoo et al., 
also retrospective, in breast cancer surgery diverge in show-
ing no benefit from intravenous propofol-based anesthesia 
(N = 5,331).2 Their results, in turn, are supported by other 
retrospective studies that similarly report no difference in 
overall survival for breast (N = 2,64516 and N = 1,21717), 
colorectal (N = 1,297),17 and lung (N = 943)18 cancer sur-
gery. So far, there are no major randomized trials.
The obvious question is why available reports compar-

ing volatile and intravenous anesthesia differ so much. The 
robust studies of Wigmore et al.12 and Yoo et al.2 were well 
powered, and both used sophisticated statistics to minimize 
confounding. We believe that both may be correct in context.
In Wigmore et al.,12 there was no significant difference 

with regard to anesthetic technique for the subgroup of 
patients with breast cancer (Tim Wigmore, B.M., B.Ch., 
F.R.C.A., F.F.I.C.M., F.C.I.C.M.,The Royal Marsden NHS 
Foundation Trust, London, United Kingdom; October 
2018, written communication, n = 1,422). Wigmore et al.12 
and Yoo et al.2 are thus consistent with respect to breast can-
cer surgery, with the overall survival differences in the study 
by Wigmore et al.12 being driven by subgroups of patients 
requiring gastrointestinal and urologic surgery—that is, in 
patients requiring large surgical procedures that cause con-
siderable tissue injury and provoke substantial neural and 
inflammatory responses.
Other studies that reported favorable long-term outcome 

with propofol–total intravenous anesthesia also evaluated 
patients having major surgery—namely, esophagectomy,13 
gastrectomy,14 and colectomy.15 Although tumor type may 
play a role, available data seem most consistent with the 
theory that the magnitude of surgical stress is a key driver. 
Consistent with this theory, the study by Lee et al.,19 who 
only included patients having modified radical mastectomy 
(as opposed to more common smaller breast- conserving 
operations), is revealing: they reported significantly 

improved recurrence-free survival with propofol–total 
intravenous anesthesia (hazard ratio, 0.55; 95% CI, 0.31 to 
0.97; P  =  0.037) compared with volatile-based anesthe-
sia. Unfortunately, neither Wigmore et al.12 nor Yoo et al.2 
explored the impact of anesthetic technique on long-term 
outcomes in patients having mastectomy independent of 
those having breast-conserving surgery.
Available data thus suggest that to the extent that 

 propofol–total intravenous anesthesia reduces cancer recur-
rence and improves survival, benefit is most probable in 
patients having major cancer surgery. Similarly, adjuvant 
strategies targeting neural and inflammatory signaling (e.g., 
neuraxial analgesia, β-blockers, nonsteroidal anti-inflamma-
tory drugs, etc.), if helpful, are most likely to demonstrate 
benefit in patients having major rather than minor cancer 
surgery. Trials comparing cancer recurrence and survival 
with volatile and intravenous anesthesia for major cancer 
surgery are already in progress and are well worth doing, 
because even small reductions in cancer recurrence would 
save countless lives—and that from an intervention that is 
essentially cost-free and trivial to implement.
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D ISEASE recurrence after cancer surgery is a major 
fear for patients. Several factors affect the risk of 

recurrence, including residual cancer cells at the surgi-
cal margin, the characteristics of the cancer cells, and host 
immune function. Paradoxically, surgery itself may facilitate 
distant metastasis of circulating cancer cells by inducing an 
inflammatory response and immunosuppression.1–3 Fur-
thermore, anesthetic drugs can have an unfavorable effect 
on the immune system.4,5 Both surgery and anesthesia sup-
press cell-mediated immunity and increase angiogenesis and 
can therefore promote proliferation and metastasis of can-
cer cells during the perioperative period.6 Decreased levels 
of circulating antiinflammatory cytokines and change in 
the functioning of natural killer cells have been reported to 
be mechanisms by which anesthetic techniques can affect 
immune function.7–10

Anesthetic agents vary in their ability to induce immu-
nomodulation and potentiation of tumorigenic growth fac-
tors, including hypoxia-inducible factor-1 and insulin-like 

Editor’s Perspective
What We Know about This Topic

• IV anesthesia may impair anticancer immunity less than volatile 
anesthesia and therefore reduce recurrence risk

What This Article Tells Us That Is New

• In a large propensity-matched retrospective cohort analysis, 
the authors compared total IV and volatile anesthesia for 
breast cancer surgery

• Recurrence hazard was similar with each approach
• Selection of IV or volatile anesthesia should be based on 

factors other than cancer recurrence

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2019; 130:00-00

ABSTRACT

Background: The association between type of anesthesia used and recurrence of cancer remains controversial. This retro-
spective cohort study compared the influence of total IV anesthesia and inhalation anesthesia on the primary outcome of 
recurrence-free survival after breast cancer surgery.
Methods: The authors reviewed the electronic medical records of patients who had breast cancer surgery at a tertiary care 
teaching hospital between January 2005 and December 2013. The patients were grouped according to whether IV or inhala-
tion anesthesia was used for surgery. Propensity score matching was used to account for differences in baseline characteristics. 
Kaplan–Meier survival curves were constructed to evaluate the influence of type of anesthesia on recurrence-free survival and 
overall survival. The risks of cancer recurrence and all-cause mortality were compared between each type of anesthesia.
Results: Of 7,678 patients who had breast cancer surgery during the study period, data for 5,331 patients were available for 
analysis (IV group, n = 3,085; inhalation group, n = 2,246). After propensity score matching, 1,766 patients remained in 
each group. Kaplan–Meier survival curves showed that there was no significant difference in recurrence-free survival or overall 
survival between the two groups, with 5-yr recurrence-free survival rates of 93.2% (95% CI, 91.9 to 94.5) in the IV group 
and 93.8% (95% CI, 92.6 to 95.1) in the inhalation group. Inhalation anesthesia had no significant impact on recurrence-free 
survival (hazard ratio, 0.96; 95% CI, 0.69 to 1.32; P = 0.782) or overall survival (hazard ratio, 0.96; 95% CI, 0.69 to 1.33, P 
= 0.805) when compared with total IV anesthesia.
Conclusions: The authors found no association between type of anesthesia used and the long-term prognosis of breast cancer. 
The results of this retrospective cohort study do not suggest specific selection of IV or inhalation anesthesia for breast cancer 
surgery. (ANESTHESIOLOGY 2019; 130:00-00)
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IV versus Inhalation Anesthesia for Breast Cancer Surgery

growth factor.10–13 Several studies have reported that pro-
pofol has a more favorable immunomodulatory effect than 
inhalation agents.8,9,14 Some clinical studies have shown that 
survival after cancer surgery is better in patients who receive 
total IV anesthesia than in those who receive inhalation 
anesthesia.15–19 However, the data are presently inadequate, 
and more evidence is needed.

Breast cancer is the most common type of malignancy in 
women. There has been some debate regarding the influence 
of anesthetic agents on the recurrence of breast cancer.16,20 
To address this controversy, we undertook a retrospective 
cohort study that included a large number of patients and 
was adjusted for strong prognostic factors, such as sub-
type of breast cancer and the chemotherapeutic modalities 
used. We hypothesized that there would be differences in 
recurrence-free survival and overall survival between patients 
who receive total IV anesthesia and those who receive inha-
lation anesthesia during breast cancer surgery. The primary 
purpose of this study was to assess the relationship between 
type of anesthesia and long-term outcomes after breast can-
cer surgery, using propensity score-matched analyses. The 
secondary purpose was to identify potential risk factors for 
cancer recurrence and all-cause mortality—including type of 
anesthesia—in patients with breast cancer, using multivari-
able Cox regression analyses.

Materials and Methods
The study was approved by the institutional review board 
of Seoul National University Hospital (approval number 
1711-058-899). The requirement for informed consent was 
waived in view of the retrospective design of the study.

Study Population
We reviewed the electronic medical records of all patients 
who had breast cancer surgery at a tertiary care teaching 
hospital between January 2005 and December 2013. The 
exclusion criteria were as follows: bilateral breast cancer, 
immediate breast reconstruction surgery, metastatic breast 
cancer, other malignancy, history of breast surgery, admin-
istration of both IV and inhalation anesthetics, male sex, 
benign breast tumor or carcinoma in situ, American Society 
of Anesthesiologists (ASA) physical status greater than or 
equal to IV, and unknown type of anesthesia.

Patients were grouped according to whether they received 
total IV anesthesia (IV group) or inhalation anesthesia 
(inhalation group) for breast cancer surgery. The type of 
anesthesia was determined according to the preference of the 
attending anesthesiologists. Patients in the IV group received 
continuous administration of propofol and remifentanil via 
a target-controlled infusion pump, and those in the inha-
lation group received a volatile anesthetic agent (enflurane, 
isoflurane, sevoflurane, or desflurane). Those who received 
the same type of anesthesia for multiple surgeries during the 
study period remained eligible. None of the patients received 
additional regional anesthesia for postoperative pain control.

Variables and Outcome Measurements
We recorded the following data from the electronic medi-
cal records: age, height, weight, ASA physical status, date of 
surgery, anesthetic time, type of surgery (breast-conserving 
surgery or total mastectomy), perioperative use of opioids, 
use of ketorolac for postoperative analgesia, transfusion, 
tumor size, estrogen receptor status, progesterone receptor 
status, human epidermal growth factor receptor 2 expres-
sion, Ki-67 expression, and whether postoperative adjuvant 
chemotherapy, radiation therapy, or hormone therapy was 
used. Based on estrogen receptor and progesterone receptor 
status and levels of human epidermal growth factor recep-
tor 2 and Ki-67 expression, we determined the subtype of 
breast cancer in each patient as luminal A, luminal B, human 
epidermal growth factor receptor 2–enriched, or basal.21 We 
also identified whether each patient adhered to standard 
cancer therapy. Nonadherence to standard cancer therapy 
was defined as not receiving anticancer treatment, includ-
ing adjuvant chemotherapy, radiation therapy, and hormone 
therapy, as recommended in the National Comprehensive 
Cancer Network guideline for each type of cancer.22 How-
ever, time to administration of standard cancer therapy was 
not considered.

The primary endpoint of the study was recurrence-free 
survival, which was defined as the interval between the date 
of surgery and the date of recurrence of breast cancer or 
death. Recurrence of breast cancer was determined as locore-
gional or systemic, and confirmed by radiologic or histologic 
examination. The secondary endpoint was overall survival, 
defined as the interval from the date of surgery to the date 
of death. The dates of death were obtained from the Korean 
Ministry of the Interior and Safety, using the resident regis-
tration number for each patient. Follow-up was concluded 
on December 31, 2015; therefore, the duration of follow-up 
ranged from 2 to 11 yr. Patients who were lost to follow-up 
during the study period were censored at the date of last 
follow-up.

Statistical Analysis
The sample size was based on the available data from all 
patients who had breast cancer surgery at our institution 
from January 2005 to December 2013. No statistical power 
calculation was performed before the study.

The study results are presented as the number (percent-
age) for categorical variables and as the mean ± SD or median 
[interquartile range] for continuous variables, as appropriate. 
The normality of the data distribution was assessed using the 
normal quantile–quantile plot. The independent samples t 
test or Mann–Whitney U test were used to compare contin-
uous variables and the chi-square test to compare categorical 
variables between groups.

Propensity score matching was used to reduce the poten-
tial confounding effect of each variable and the differences in 
baseline characteristics between the groups. The propensity 
score was defined as the probability of receiving inhalation 
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anesthesia by logistic regression analysis. The variables used 
for matching were age, height, weight, ASA physical status, 
anesthetic time, postoperative use of ketorolac, transfusion, 
type of surgery, subtype of breast cancer, nonadherence to 
standard cancer therapy, and year of surgery. Perioperative 
use of opioids was excluded from the model because all 
patients in the IV group received an opioid (remifentanil) 
intraoperatively. We matched patients at a ratio of 1:1 using 
the nearest neighbor method with a caliper of 0.05 SD of 
the logit of the propensity score. The balance of the matched 
patients was assessed using the standardized mean difference 
for each contributor.

In the propensity-matched cohort, recurrence-free sur-
vival and overall survival were estimated for up to 11 yr using 
the Kaplan–Meier method, and the groups were compared 
using the log-rank test. Cox proportional hazards models 
were used to compare hazard ratios for the two groups and 
to identify risk factors for recurrence of cancer and all-cause 
mortality; potential risk factors included type of anesthesia, 
age, anesthetic time, ASA physical status, type of surgery, 
perioperative use of opioids, postoperative use of ketorolac, 
transfusion, subtype of breast cancer, nonadherence to stan-
dard cancer therapy, and year of surgery. All variables were 
adjusted in multivariable Cox regression analysis using the 
enter method to assess the association of type of anesthesia 
with long-term outcome after breast cancer surgery. Patients 
with missing data were excluded from the analysis. Pro-
portional hazard assumptions for categorical variables were 
assessed using log-minus-log survival plots, and restricted 
cubic splines were used for continuous variables, such as 
age and anesthetic time.23,24 The log hazard was not linear 
for age, so the patients were categorized into the following 
groups based on age: less than 40 yr, 40 to 50 yr, and greater 
than or equal to 50 yr.

We performed an additional analysis using a Cox regres-
sion with inverse probability of treatment weighting to adjust 
for the propensity score, which differs from the model-based 
adjustment because it can deal with the possibility that patients 
with better prognosis are assigned to a particular group.25 Peri-
operative use of opioids and type of anesthesia were included 
in the weighted Cox proportional hazards model because use 
of opioids was not adjusted for in the aforementioned model 
used for calculation of the propensity score.

All analyses were performed using R software version 
3.4.4 (R Foundation for Statistical Computing, Austria). 
We used the package “survival” for the Cox regression analy-
sis and “MatchIt” for the propensity score matching. The 
inverse probability of treatment weighting was conducted by 
using “weights” argument in “coxph” function. A two-tailed 
P < 0.05 was considered statistically significant.

Results
Of 7,678 patients who had breast cancer surgery between 
January 2005 and December 2013 at Seoul National Uni-
versity Hospital, 5,331 patients (IV group, n = 3,085; 

inhalation group, n = 2,246) were finally included in the 
analyses (fig. 1). The distribution of patients who received 
IV or inhalation anesthesia according to the year of surgery is 
shown in Figure 1 (Supplemental Digital Content 1, http://
links.lww.com/ALN/B807).

All patients in the IV group received propofol, and 
those in the inhalation group received sevoflurane (1,537 of 
2,246; 68.4%), desflurane (700 of 2,246; 31.2%), enflurane 
(8 of 2,246; 0.35%), or isoflurane (1 of 2,246; 0.05%) for 
maintenance of general anesthesia. Table 1 shows the char-
acteristics for the total study cohort and those for the pro-
pensity-matched cohort.

The median follow-up duration was 62 (interquartile 
range, 39 to 85) months for all patients, 67 (interquartile 
range, 48 to 86) months for the IV group, and 53 (inter-
quartile range, 35 to 84) months for the inhalation group.

After propensity score matching, 1,766 patients remained 
in each group, with a good matching balance. All standard-
ized mean differences for the study variables were less than 
0.1 (table 1), and their distributions are shown in figure 2 
(Supplemental Digital Content 1, http://links.lww.com/
ALN/B807).

The Kaplan–Meier survival curves demonstrated 5-yr 
recurrence-free survival rates of 93.2% (95% CI, 91.9 to 
94.5) in the IV group and 93.8% (95% CI, 92.6 to 95.1) 
in the inhalation group and respective 5-yr overall survival 
rates of 94.2% (95% CI, 92.9 to 95.5) and 94.5% (95% 
CI, 93.3 to 95.8). There was no significant difference in 
recurrence-free survival (P = 0.491) or overall survival (P = 
0.365) between the IV group and the inhalation group in 
the propensity-matched cohort (fig. 2).

In the propensity-matched cohort, the Cox proportional 
hazards model for recurrence-free survival was constructed 
to evaluate the association between type of anesthesia and 
recurrence-free survival, the primary outcome of this study, 
and is shown in table 2. Multivariable Cox regression revealed 
no significant association between inhalation anesthesia and 
poorer recurrence-free survival (hazard ratio, 0.96; 95% CI, 
0.69 to 1.32; P = 0.782; table 2) when compared with the 
IV anesthesia group.

Table 3 shows the Cox proportional hazards model for 
overall survival after breast cancer surgery in the propensity-
matched cohort. After adjustment, inhalation anesthesia was 
not associated with a difference in overall survival (hazard 
ratio, 0.96; 95% CI, 0.69 to 1.33, P = 0.805; table 3).

We also conducted the Cox regression analyses for the 
total study cohort to determine risk factors for cancer recur-
rence and all-cause mortality, the secondary outcome of this 
study. Age younger than 40 yr, ASA physical status, total 
mastectomy, subtype of breast cancer other than luminal-A, 
and nonadherence to standard cancer therapy were found 
to be associated with higher risks of cancer recurrence and 
all-cause mortality. The Cox proportional hazards models for 
recurrence-free survival and overall survival in the total study 
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cohort are tabulated in tables 1 and 2 (Supplemental Digital 
Content 1, http://links.lww.com/ALN/B807), respectively.

The Cox regression analysis with inverse probability of 
treatment weighting also demonstrated that there was no 
significant association between type of anesthesia and recur-
rence-free survival (hazard ratio, 0.86; 95% CI, 0.65 to 1.14; 
P = 0.293) or overall survival (hazard ratio, 0.79; 95% CI, 
0.59 to 1.04; P = 0.091).

Discussion
In this study, there was no influence of total IV anesthesia or 
inhalation anesthesia on recurrence-free survival or overall 
survival in patients who had breast cancer surgery. We found 
no significant association between type of anesthesia used 
and the prognosis after breast cancer surgery.

Numerous studies have investigated the influence of anes-
thetic technique on the prognosis in patients with cancer. Use 
of regional analgesia, including epidural and paravertebral 
block, was reported to be effective in reducing inflamma-
tion and preventing immunosuppression in patients under-
going cancer surgery.26 Epidural analgesia for postoperative 
pain was found to be associated with an improved progno-
sis in patients with colon,27 prostate,28 rectal,29 and gastric 

cancer.30 Paravertebral analgesia was also reported to have a 
beneficial effect on the risk of recurrence of breast cancer.31 
In contrast, other studies reported that epidural analgesia did 
not have any clear impact on oncologic outcomes, such as 
disease recurrence, in patients with prostate cancer32 or ovar-
ian cancer.33 Moreover, post hoc analysis of a prospective ran-
domized controlled trial revealed no significant association 
between use of an epidural block and cancer-free survival,34 
and the same result was found in recent meta-analyses.26,35

Recently, the impact of the anesthetic agent used on the 
prognosis of various cancers has been evaluated. One study 
found that use of total IV anesthesia during surgery for 
esophageal cancer was associated with a better postoperative 
survival rate than inhalation anesthesia.18 Another study that 
compared the 5-yr disease recurrence rate in patients with 
breast cancer who received propofol-based total IV anesthe-
sia or sevoflurane-based inhalation anesthesia demonstrated 
that total IV anesthesia could reduce the risk of recurrence.16 
However, the statistical power of that study seemed to be low 
because of a small sample size. Another study reported no sig-
nificant difference in cancer-free survival or overall survival 
according to the type of anesthesia used.20 However, that 
study included only 56 patients in the IV group. Our present 

Fig. 1. Flow diagram of the study population. ASA, American Society of Anesthesiologists.
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Table 1. Patient Characteristics for the Total Study Cohort and for the Propensity-matched Cohort

Total Study Cohort Propensity-matched Cohort

IV
(n = 3,085)

Inhalation
(n = 2,246) P Value

IV
(n = 1,766)

Inhalation
(n = 1,766) P Value

Standardized 
Mean Difference

Patient-related        
  Age, yr 50 ± 10 50 ± 10 0.753 50 ± 10 50 ± 10 0.976 −0.001
  Height, cm 157 ± 5 157 ± 5 0.712 157 ± 5 157 ± 5 0.860 −0.006
  Weight, kg 57 ± 8 58 ± 8 0.078 57 ± 8 57 ± 8 0.853 0.006
  Body mass index, kg/m2 23 ± 3 23 ± 3 0.116 23 ± 3 23 ± 3 0.835
  ASA physical status   0.019   0.624  
   I 2,125 (68.9) 1,610 (71.7)  1,244 (70.5) 1,243 (70.4)  −0.001
   II 944 (30.6) 617 (27.5)  511 (28.9) 507 (28.7)  −0.005
   III 16 (0.5) 19 (0.8)  11 (0.6) 16 (0.9)  0.031
Anesthesia-related        
  Anesthetic time, min 100 [87–120] 110 [90–130] < 0.001 100 [88–120] 106 [90–126] < 0.001 0.073
  Perioperative opioid administration 3,085 (100.0) 1,103 (49.1) < 0.001 1,766 (100.0) 870 (49.3) < 0.001
  Postoperative use of ketorolac 1,701 (55.1) 1,181 (52.6) 0.069 983 (55.7) 975 (54.2) 0.398 −0.030
  Transfusion 57 (1.8) 33 (1.5) 0.342 25 (1.4) 29 (1.6) 0.681 0.019
Cancer and surgery-related        
  Type of surgery   0.025   0.777  
   Breast conserving surgery 1,989 (64.5) 1,515 (67.5)  1,157 (65.5) 1,166 (66.0)  
   Total mastectomy 1,096 (35.5) 731 (32.5)  609 (34.5) 600 (34.0)  −0.011
  Subtype   0.015   0.979  
   Luminal A 1,514 (49.1) 1,164 (51.8)  921 (52.2) 912 (51.6)  
   Luminal B 656 (21.3) 484 (21.6)  383 (21.7) 391 (22.1)  0.011
   HER2 overexpression 386 (12.5) 220 (9.8)  172 (9.7) 176 (10.0)  0.008
   Basal 529 (17.1) 378 (16.8)  290 (16.4) 287 (16.3)  −0.004
  Nonadherence to standard cancer therapy 1,070 (34.7) 932 (41.5) < 0.001 666 (37.7) 660 (37.4) 0.862 −0.007
  Year of surgery   < 0.001   0.640  
   2005–2007 758 (24.6) 621 (27.7)  620 (35.1) 594 (33.6)  −0.033
   2008–2010 1,518 (49.2) 344 (15.3)  341 (19.3) 344 (19.5)  0.005
   2011–2013 809 (26.2) 1,281 (57.0)  805 (45.6) 828 (46.9)  

The data are presented as mean ± SD, median [interquartile range], or number (percentage).
ASA, American Society of Anesthesiologists; HER2, human epidermal growth factor 2; IV, intravenous.

Fig. 2. Kaplan–Meier survival curve for recurrent-free survival and overall survival in propensity score-matched patients.
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study included a larger population with similar numbers of 
patients in both groups to strengthen its statistical power. 
Furthermore, we obtained clinically relevant results by 
adjusting for subtype of breast cancer, which is determined 
based on the gene expression profile and known to be closely 
associated with the clinical prognosis of breast cancer.21,36 
The molecular subtypes of breast cancer have been incorpo-
rated into the latest edition of the American Joint Commit-
tee on Cancer staging system.37 We also included details of 
whether each patient adhered to the standard cancer therapy 
recommended in the recent guideline of the National Com-
prehensive Cancer Network as a covariate in our regression 
analyses to adjust for the interaction between use of adjuvant 
chemotherapy or radiation therapy and tumor, node, and 
metastasis disease stage classification.

The mechanism through which anesthesia affects the 
prognosis of cancer is thought to be the immunomodulatory 
effect of anesthetic agents. Cell-mediated immunity plays 
an important role in preventing dissemination and implan-
tation of cancer cells, which are facilitated by the stress 
response and tissue damage induced by surgery.3,38 Both in 
vitro and in vivo studies have found that volatile anesthetic 
agents suppress the functioning of natural killer cells,14,39,40 
which is critical in preventing growth of cancer cells. In 

contrast, propofol, a widely used IV anesthetic agent, was 
found to preserve the activity of natural killer cells and to 
have a protective anticancer effect.9 Furthermore, several 
studies have demonstrated that volatile anesthetic agents 
induce upregulation of tumorigenic growth factors, includ-
ing hypoxia-inducible factor-1 and vascular endothelial 
growth factor.11,41 Anesthesia-related immunomodulation 
has also been proposed as the mechanism by which regional 
anesthesia may improve survival in patients with cancer.26 
Although a number of studies suggest a favorable impact of 
regional anesthesia on the prognosis of cancer, the evidence 
for such a benefit remains inadequate.26,42 Similarly, conflict-
ing results have been reported with regard to the association 
between use of total IV anesthesia and a decrease in the risk 
of recurrence of cancer.43,44 Any conclusions regarding this 
association must await the results of the prospective random-
ized controlled trials currently in progress around the world.

Opioids have also been suggested to promote prolifera-
tion and angiogenesis of cancer cells by inhibiting cell-medi-
ated immunity.45,46 In our study, all patients in the IV group 
had received remifentanil, but not those in the inhalation 
group, so there was a difference in opioid use between the 
two groups. However, given that we found no significant 
association between use of opioids and outcomes after breast 

Table 2. Univariable and Multivariable Cox Regression Analysis for Recurrence-free Survival in the Propensity-matched Cohort

  Unadjusted Adjusted

 
Recurrence/ 
Total No., %

Hazard  
Ratio 95% CI P Value

Hazard  
Ratio 95% CI P Value

Type of anesthesia        
  Total IV anesthesia 118/1,766 (6.7) Reference   Reference   
  Inhalation anesthesia 108/1,766 (6.1) 0.91 0.70–1.18 0.491 0.96 0.69–1.32 0.782
Age (yr)        
  Age < 40 58/498 (11.6) 2.21 1.57–3.11 < 0.001 1.99 1.41–2.82 < 0.001
  40 ≤ Age < 50 75/1,368 (5.5) Reference   Reference   
  Age ≥ 50 93/1,666 (5.6) 1.11 0.82–1.50 0.517 1.08 0.78–1.48 0.658
Anesthetic time (1 hr) 1.02 0.82–1.27 0.851 1.08 0.86–1.35 0.523
ASA physical status        
  I 163/2,487 (6.6) Reference      
  II 62/1,018 (6.1) 1.01 0.75–1.35 0.957 1.18 0.87–1.61 0.289
  III 1/27 (3.7) 0.62 0.09–4.44 0.636 0.52 0.07–3.91 0.524
Total mastectomy 99/1,209 (8.2) 1.44 1.11–1.88 0.006 1.08 0.82–1.43 0.561
Perioperative opioid administration 171/2,636 (6.5) 1.07 0.79–1.45 0.666 1.09 0.75–1.61 0.646
Postoperative use of ketorolac 141/1,940 (7.3) 1.34 1.02–1.76 0.032 1.19 0.91–1.57 0.204
Transfusion 5/54 (9.3) 1.59 0.66–3.86 0.305 1.52 0.61–3.82 0.372
Subtype        
  Luminal A 63/1,833 (3.4) Reference   Reference   
  Luminal B 59/774 (7.6) 2.33 1.63–3.32 < 0.001 2.48 1.73–3.56 < 0.001
  HER2 overexpression 46/348 (13.2) 4.37 2.99–6.39 < 0.001 5.38 3.62–8.00 < 0.001
  Basal 58/577 (10.1) 3.17 2.22–4.52 < 0.001 3.37 2.35–4.83 < 0.001
Nonadherence to standard cancer therapy 69/1,326 (5.2) 0.95 0.71–1.27 0.722 2.30 1.64–3.23 < 0.001
Year of surgery        
  2005–2007 143/1,214 (11.8) 2.89 2.05–4.08 < 0.001 4.60 3.07–6.89 < 0.001
  2008–2010 37/685 (5.4) 1.45 0.94–2.25 0.093 1.67 1.06–2.64 0.026
  2011–2013 46/1,633 (2.8) Reference   Reference   

ASA, American Society of Anesthesiologists; HER2, human epidermal growth factor 2; IV, intravenous.
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cancer surgery, the clinical impact of perioperative opioid 
administration on the long-term prognosis does not seem to 
be significant. Indeed, a recent large prospective population-
based cohort study reported that use of opioids was not asso-
ciated with recurrence of breast cancer.47

Our study confirmed a strong association between the 
subtype of breast cancer and the risks of cancer recurrence 
and death. Nonadherence to standard cancer therapy was 
also found to be associated with worse outcomes after breast 
cancer surgery, as would be expected. However, several fac-
tors, including postoperative complications, multiple neo-
adjuvant chemotherapy, and comorbidities, can impede a 
patient’s ability to complete the intended oncologic treat-
ment and are independently associated with poor long-term 
oncologic outcomes.48 Although there was a strong associa-
tion between ASA physical status and overall mortality in 
this study, this parameter, which reflects how frail a patient 
is, may also have had an impact on nonadherence to standard 
cancer therapy. Other studies have also identified poor ASA 
physical status to be an independent risk factor for decreased 
long-term survival in patients with cancer.17,49 We deter-
mined all-cause mortality rather than cancer-related mortal-
ity as an outcome variable in this study, and it is obvious 

that patients with multiple complicated comorbidities have 
a higher mortality rate.

Several limitations should be considered when interpret-
ing the results of this study. First, a number of patients were 
excluded because of missing variables relating to their gene 
expression profiles and use of adjuvant chemotherapy and 
radiation therapy that were necessary to determine the subtype 
of breast cancer and nonadherence to standard cancer therapy. 
These exclusions may have introduced a degree of selection bias. 
Second, we could not take into account the medical advances 
that took place during our relatively long study period; changes 
in insurance coverage for trastuzumab in particular may have 
confounded the results. Third, because we determined the 
sample size on the basis of the data available during the study 
period rather than by a priori calculation, we cannot exclude 
the possibility that the lack of statistical significance may have 
resulted from inadequate statistical power to detect a potential 
difference between the two groups. Fourth, the time lapse until 
administration of standard cancer therapy, such as trastuzumab, 
was not considered. Finally, because of the retrospective study 
design, it was not possible to measure levels of inflammatory 
biomarkers that could explain the causal relationship between 
type of anesthesia used and recurrence of cancer.

Table 3. Univariable and Multivariable Cox Regression Analysis for Overall Survival in the Propensity-matched Cohort

 
 

Death/ 
Total No., %

Unadjusted Adjusted

 
Hazard  
Ratio 95% CI P Value

Hazard  
Ratio 95% CI P Value

Type of anesthesia        
  Total IV anesthesia 116/1,766 (6.6) Reference   Reference   
  Inhalation anesthesia 103/1,766 (5.8) 0.88 0.68–1.15 0.366 0.96 0.69–1.33 0.805
Age, yr        
  Age < 40 58/498 (11.6) 2.83 1.97–4.07 < 0.001 2.47 1.71–3.57 < 0.001
  40 ≤ Age < 50 58/1,368 (4.2) Reference   Reference   
  Age ≥ 50 103/1,666 (6.2) 1.74 1.26–2.40 0.001 1.24 0.88–1.74 0.221
Anesthetic time (1 hr) 1.11 0.89–1.38 0.366 1.13 0.89–1.42 0.318
ASA physical status        
  I 132/2,487 (5.3) Reference   Reference   
  II 79/1,018 (7.8) 1.72 1.30–2.27 < 0.001 1.78 1.32–2.39 < 0.001
  III 8/27 (29.6) 6.96 3.41–14.22 < 0.001 6.27 2.86–13.74 < 0.001
Total mastectomy 112/1,209 (9.3) 1.78 1.37–2.32 < 0.001 1.51 1.14–2.00 0.004
Perioperative opioid administration 168/2,636 (6.4) 1.18 0.86–1.61 0.308 1.19 0.80–1.76 0.395
Postoperative use of ketorolac 130/1,940 (6.7) 1.16 0.88–1.52 0.283 1.13 0.86–1.49 0.385
Transfusion 3/54 (5.6) 1.04 0.33–3.24 0.950 0.42 0.12–1.44 0.168
Subtype        
  Luminal A 55/1,833 (3.0) Reference   Reference   
  Luminal B 54/774 (7.0) 2.40 1.65–3.49 < 0.001 2.43 1.66–3.55 < 0.001
  HER2 overexpression 36/348 (10.3) 3.96 2.60–6.04 < 0.001 4.47 2.89–6.91 < 0.001
  Basal 74/577 (12.8) 4.76 3.36–6.76 < 0.001 5.18 3.63–7.38 < 0.001
Nonadherence to standard cancer 

therapy
72/1,326 (5.4) 1.59 1.18–2.14 0.002 2.14 1.51–3.03 < 0.001

Year of surgery        
  2005–2007 132/1,214 (10.9) 0.91 0.64–1.29 0.600 1.34 0.89–2.03 0.160
  2008–2010 25/685 (3.6) 0.45 0.28–0.72 0.001 0.49 0.30–0.81 0.005
  2011–2013 62/1,633 (3.8) Reference   Reference   

ASA, American Society of Anesthesiologists; HER2, human epidermal growth factor 2, IV, intravenous.
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In conclusion, we found no significant impact of total IV 
anesthesia or inhalation anesthesia on recurrence of breast 
cancer and overall survival in patients with the disease. Both 
anesthetic techniques can be used for breast cancer surgery, 
and the choice of anesthetic agent should be made according 
to the characteristics of the individual patient.
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