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Background: The optimal combination of anesthetic agent and technique may have an influence on long-term outcomes
in cancer surgery. In vitro and in vivo studies suggest that propofol independently reduces migration of cancer cells and
metastasis. Thus, the authors retrospectively examined the link between propofol-based total intravenous anesthesia
(TIVA) and recurrence or overall survival in patients undergoing modified radical mastectomy (MRM).

Methods: A retrospective analysis of the electronic database of all patients undergoing MRM for breast cancer between
January 2007 and December 2008 was undertaken. Patients received either propofol-based TIVA (propofol group) or
sevoflurane-based anesthesia (sevoflurane group). We analyzed prognostic factors of breast cancer and perioperative fac-
tors and compared recurrence-free survival and overall survival between propofol and sevoflurane groups.

Results: A total of 363 MRMs were carried out during the period of the trial; 325 cases were suitable for analysis (173
cases of propofol group, and 152 cases of sevoflurane group). There were insignificant differences between the groups in
age, weight, height, histopathologic results, surgical time, or postoperative treatment (chemotherapy, hormonal therapy,
and radiotherapy). The use of opioids during the perioperative period was greater in propofol group than in sevoflurane
group. Overall survival was no difference between the two groups. Propofol group showed a lower rate of cancer recur-
rence (P = 0.037), with an estimated hazard ratio of 0.550 (95% CI 0.311-0.973).

Conclusions: This retrospective study provides the possibility that propofol-based TIVA for breast cancer surgery can
reduce the risk of recurrence during the initial 5 years after MRM.
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Introduction

The resection of the tumor is the most crucial treatment of
solid tumors including breast cancer. Paradoxically, curative
resection may create a period of vulnerability during which
tumor cells disseminated in the process of manipulation of the
tumor mass can surpass the defenses function of host and end
up as metastasis [1]. Despites the likelihood of dispersing cancer
cells during surgery, however, only a small minority of patients
develops clinical metastases, a phenomenon which may depend
on the host defenses, including cell-mediated immunity and
in particular, natural killer (NK) cell function. The periopera-
tive immune function of the host, therefore, may be a crucial
component in tumor recurrence and overall survival following
surgery in cancer patients.

Several factors during the perioperative period can lead to
deterioration of the host’s immune system, thereby promoting
metastasis. These include the surgery itself, most anesthetics,
opioid analgesics, postoperative pain, and stress [2-5]. Most an-
esthetics suppress a number of immune systems, including NK
cells, which play central roles in preventing tumor dissemination
and establishment in vitro [6].

It has recently been demonstrated that propofol exerts anti-
tumor properties through variable mechanisms, including
suppression of the survival capability, dispersion, and invasion
of cancer cells [7]. However, the effect of propofol-based total
intravenous anesthesia on the outcome of breast cancer surgery
had not been previously evaluated in the clinical setting. There-
fore, we conducted a retrospective analysis of electronic records
to make a comparison with overall survival and the recurrence-
free survival after modified radical mastectomy (MRM) in pa-
tients with breast cancer who underwent propofol-based total
intravenous anesthesia or sevoflurane-based anesthesia.

Materials and Methods

After obtaining approval from our Institutional Review Board
(approval number: K-1411-002-033) and the registration in the
national clinical trial (http://cris.nih.go.kr. Ref: KCT0001464),
we reviewed the electronic medical records of 363 patients who
underwent MRM for invasive ductal carcinoma of the breast be-
tween January 2007 and December 2008. We excluded patients
who had bilateral breast cancer, previous breast cancer surgery,
metastatic breast cancer, breast cancers other than invasive duc-
tal carcinoma (e.g. lymphoma, apocrine, or mucinous cell carci-
nomay), and other cancer.

All patients received intramuscular glycopyrrolate 0.2 mg
with, or without midazolam 0.05 mg/kg, 30 min before surgery.
In the operating room, hemodynamic monitoring and bispec-
tral index monitoring (BIS) were performed. General anesthesia
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was induced with thiopental sodium, rocuronium, and sevo-
flurane with or without opioid in sevoflurane-based anesthesia
group (sevoflurane group), whereas it was induced with a target
effect-site concentration (Ce) of propofol of 4-5 pg/ml and ro-
curonium with or without opioid in propofol-based total intra-
venous anesthesia group (propofol group). After endotracheal
intubation, anesthesia was adjusted to maintain BIS values of
40-60 with 1.5-2.0 vol% sevoflurane in the sevoflurane group,
or 1.5-4.0 pg/ml (Ce) of propofol in the propofol group, with
or without opioids in N,O 2 L/min and O, 2 L/min. In the post-
anesthesia care unit and ward, the patients received synthetic
opioids or nonsteroidal anti-inflammatory drugs (NSAIDs) for
analgesia, if they were necessary.

We obtained the following patient data from the electronic
medical records: age, weight, height, American Society of An-
esthesiology physical status, tumor size grade, invasion grade of
axillary lymph nodes, histologic grade, estrogen receptor (ER)
status, progesterone receptor (PR) status, epidermal growth fac-
tor receptor type 2 (HER2) expression, and whether postopera-
tive adjuvant hormonal therapy, chemotherapy or radiotherapy
was used. We also obtained information on the type of anesthet-
ics used, the use of perioperative opioids and NSAIDs, the dura-
tion of surgery, and the site of first metastasis.

The main outcomes were the recurrence-free survival and
overall survival during the initial 5 years after surgery. Recur-
rence-free survival was defined from the date of surgery to the
date of first recurrence, which was clarified as locoregional re-
currence or distant metastases confirmed by clinical evidence
or radiological examination. Overall survival was defined from
the date of surgery to the date of death. Patients, who were lost
to follow-up during initial 5 years after surgery, were statistically
censored at the date of the last follow-up.

Statistical analysis

Our sample size was fixed on the basis of the available pa-
tients during a given period because our study was naturally ret-
rospective. Using SPSS sample power 3.0 software, we conducted
a power analysis prior to data collection in order to estimate the
minimal effect size, in which we could detect a two-fold differ-
ence in the risk of recurrence between the groups, with a power
greater than 80% and a significance level of 0.05. We determined
the study interval for getting the enough enrolled patients on the
basis of minimal sample size and the rate of excluded cases. We
used SPSS statistical software (version 22.0, IBM Corp., Armonk,
NY, USA) for statistical analysis. Normally distributed continu-
ous variables were compared with the independent samples
t-test, and variables that were not normally distributed were
compared with the Mann-Whitney U test. Categorical variables
were analyzed using the chi-square test or Fisher’s exact test.
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There were some data missing for tumor size grade, histologic
grade, and invasion of axillary lymph node, because some pa-
tients underwent previous excisional tumor biopsy in a different
hospital. Patients with these missing data were excluded from
the analysis related to the respective variables. Recurrence-free
survival and overall survival were estimated by a Kaplan Meier
log-rank test. Cox proportional hazards regression was used for
univariate and multivariate analysis of perioperative and clini-
copathologic variables influencing the recurrence-free survival.
Only the meaningful variables (P < 0.25) from the univariate
analysis were included in the multivariate ananlysis. Associa-
tions with P < 0.05 were considered statistically significant.

Results

The data from 363 consecutive patients who underwent
MRM were reviewed. Patients were excluded due to missing

Table 1. Patient Characteristics and Prognostic Factors of Breast Cancer

Propofol Sevoflurane

(N=173)  (N=152) ©value

Age (yr) 50.2 (9.7) 50.5(10.9) 0.799
Weight (kg) 59.1 (8.5) 57.7 (7.8) 0.137
Height (cm) 157.0 (5.7) 155.8 (5.3) 0.254
ASA 0.097

I 5(2.9) 0(0)

I 159 (91.9) 142 (93.4)

111 9(5.2) 10 (6.6)
Grade of tumor size 0.854

1 73 (42.7) 65 (43.0)

2 84 (49.1) 75 (49.7)

3 11 (6.41) 10 (6.6)

4 3(1.8) 1(0.7)
Lymph node invasion 0.810

1 (none) 69 (39.9) 65 (43.3)

2 (1-3 positive) 60 (34.7) 48 (32.0)

3 (>3 positive) 44 (25.4) 37 (24.7)
Histologic grade

1 28 (17.2) 24 (16.6)

2 77 (47.2) 77 (53.1)

3 58 (35.6) 44 (30.3)
Hormonal receptor status

Estrogen positive 93 (53.8) 93 (61.7) 0.177

Progesteron positive 89 (51.4) 74 (48.7) 0.619
HER-2 expression 83 (48.0) 70 (46.1) 0.729
Hormonal therapy 118 (68.2) 110 (72.4) 0.413
Chemotherapy 164 (94.8) 137 (90.1) 0.109
Radiotherapy 50 (29.5) 31(20.4) 0.060

Values are mean (SD) or number of patients (%). ASA: physical status of
American Society of Anesthesiology, Grade of tumor size: 1; < 20 nm,
2; > 20 nm, but < 50 nm, 3; > 50 nm, 4; any size with direct extension to
the chest wall and/or to the skin, Histologic grade: 1 = least aggressive
tumor appearance, 2 = intermediate appearance, 3 = most aggressive
appearance. HER-2: epidermal growth factor receptor type 2 expression.
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electronic medical records (2), metastatic breast cancer (8),
other breast cancer (mucinous 3, apocrine 4, lymphoma 1,
medullary 1), bilateral breast cancer or previous breast cancer
(13), other cancer (5), or refusal of postoperative treatment (1).
The data from the 325 remaining patients (173 in the propofol
group, 152 in the sevoflurane group) were analyzed.

Patient demographic data and prognostic factors of breast
cancer are shown in Table 1. Patient characteristics and prog-
nostic factors of breast cancer were similar in the propofol
group and the sevoflurane group. There were insignificant dif-
ferences between the propofol group and the sevoflurane group
in the perioperative factors, except that there was a greater use
of intraoperative and postoperative opioids in the propofol
group (Table 2). The opioids used during the operation included
alfentanil 0.5 mg, fentanyl 50-150 pg, or remifentanil 1-3 ng/
ml/min (Ce). All perioperative analgesics are listed in Table 2.
The patients received fentanyl 25-50 pg, meperidine 25-50 mg,
ketorolac 30 mg, or diclofenac 90 mg at a time and most of them
were administered more than two kind of analgesics during
postoperative 3 days. Recurrences were documented in 20 of 173
patients (11.6%) in the propofol group, and in 29 of 152 patients
(19.1%) in the sevoflurane group. Deaths during the first 5 years
after surgery were observed in 9 of 173 patients (5.2%) in the
propofol group, and 11 of 153 patients (7.2%) in the sevoflurane

Table 2. Perioperative Factors and Site of Recurrence

Propofol Sevoflurane

(N=173) (N=152) D value
Time of surgery (min) 102.0 (30.3) 102.1 (28.4) 0.988
Intraoperative opioid 0.001

None 1(0.6) 85 (55.9)

Remifentanil 116 (67.1) 0(0)

Fentanyl 55(31.8) 56 (36.8)

Alfentanil 1(8.3) 11(7.2)
Postoperative opioid 0.001

None 63 (36.4) 96 (63.2)

Fentanyl 19 (11.0) 22 (14.5)

Meperidine 91 (52.6) 34 (22.4)
Postoperative NSAID 0.203

None 81 (46.8) 67 (44.1)

Ketolorac 14 (8.1) 6(3.9)

Diclofenac 78 (45.1) 79 (52.0)
Perioperative transfusion 5(2.9) 3 (2.0) 0.728
Site of recurrence 0.137

None 154 (89.0) 124 (81.6)

Bone 1(0.6) 9 (5.9)

Brain 1(0.6) 1(0.7)

Lung 9(5.2) 10 (6.6)

Chest wall 4(2.3) 4(2.6)

Liver 4(2.3) 4(2.6)

Values are mean (SD) or number of patients (%). NSAID: non-steroidal
antiinflammatory drug.
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group. In a Kaplan-Meier analysis with adjustment for the vari-
able follow-up period of each patient, the propofol group had a
longer recurrence-free survival (P = 0.037) than the sevoflurane
group, but overall survival was not significantly different (P =
0.383) (Figs. 1 and 2).

Risk factors related to recurrence of breast cancer were com-
pared in Table 3. The significant risk factors in univariate analy-
sis were considered as the grade of tumor size (P = 0.001, hazard
ratio [HR] = 4.321, 95% confidence interval [CI] 2.034-9.264),
invasion grade of lymph nodes (P = 0.002, HR = 3.144, 95%
CI 1.525-6.479), histologic grade (P = 0.031, HR = 3.616, 95%
CI 1.230-11.641), radiotherapy (P = 0.001, HR = 2.886, 95%
CI 1.648-5.055), type of anesthetics (P = 0.038, HR = 0.550,
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Fig. 1. Kaplan-Meier overall survival estimated for 325 patients
receiving propofol-based total intravenous anesthesia (173) and
sevoflurane-based anesthesia (152). Univariate analysis by log-rank test
(P =0.383).
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95% CI 0.311-0.973). Blood transfusion, endocrine therapy, and
chemotherapy were found not to be associated with recurrence.
In multivariate analysis of meaningful factors such as tumor
size grade, invasion grade of lymph nodes, histologic grade, en-
docrine therapy, chemotherapy, radiotherapy, and anesthetics,
the anesthetic technique remained a significant risk factor for
recurrence after surgery (P = 0.014, HR = 0.478, 95% CI = 0.265-
0.862) (Table 3).

Discussion

The anesthetic technique may have an influence on postop-
erative long-term outcome of patients. Our study showed that

1.0
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x - —— Sevoflurane

—— Propofol-censored
0 —+— Sevoflurane-censored
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Fig. 2. Kaplan-Meier recurrence-free survival estimated for 325 patients
receiving propofol-based total intravenous anesthesia (173) and
sevoflurane-based anesthesia (152). Univariate analysis by log-rank test
(P =0.037)

Table 3. Univariate and Multivariate Associations with Cancer Recurrence: Cox Regression Model

Univariate analysis

Multivariate analysis

HR 95% CI P HR 95% CI P
Tumor size grade (1 vs. 2,3,4) 4.321 2.034 9.264 0.001 2.868 1.282 6.414 0.010
LN grade (1 vs. 2,3) 3.144 1.525 6.479 0.002 1.594 0.689 3.687 0.276
Histologic grade (1 vs. 2,3) 3.616 1.230 11.641 0.031 1.946 0.571 6.634 0.287
ER (pos vs. neg) 0.898 0.511 1.576 0.707
PR (pos vs. neg) 1.070 0.611 1.874 0.813
HER (pos vs. neg) 0.997 0.569 1.747 0.991
Endocrine therapy (no. vs. yes) 1.883 0.883 4.016 0.102 1.459 0.655 3.252 0.355
Chemotherapy (no. vs. yes) 3.582 0.494 25.953 0.207 1.112 0.141 8.788 0.920
Radiotherapy (no. vs. yes) 2.886 1.648 5.055 0.001 1.806 0.959 3.400 0.067
Anesthetics (sevoflurane vs. propofol) 0.550 0.311 0.973 0.038 0.478 0.265 0.862 0.014
Intraoperatvie use of opioid (no vs. yes) 0.871 0.469 1.619 0.662
Postoperative use of opioid (no vs. yes) 1.169 0.667 2.048 0.586
Postoperative use of NSAID (no vs. yes) 1.164 0.658 2.058 0.602
Transfusion (no vs. yes) 2.282 0.554 9.395 0.253

HR: hazard ratio, 95% CI: 95% confidence interval, LN: lymph node, ER: estrogen receptor, PR: progesterone receptor, HER: epidermal growth factor

receptor, NSAID: non-steroidal anti-inflammatory drugs.
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propofol-based total intravenous anesthesia for MRM reduced
the risk of recurrence of breast cancer during the initial 5 years
of follow-up, compared with sevoflurane-based anesthesia.

The influences of anesthetics on hosts anti-tumor defenses
have been studied in vitro, in vivo, and in some human studies.
Ketamine and thiopental have been shown to increase the num-
ber of viable tumor cells in lung tissue, and suppress NK cell
activity, whereas propofol did not lead to suppression of NK cell
activity [3].

It has been recognized that opioids inhibit both cellular and
humoral immune functions, and morphine exhibit a dose-
dependent immunosuppression [4]. However, recent study sug-
gested that morphine may reduce negative impact of pain on
the immune system and have the beneficial impact on particular
cancer disease through p-opioid receptor [8].

Synthetic opioids including fentanyl [9] and remifentanil
[10] suppressed some immune response, but did not suppress
immune resistance in low doses [11]. It was demonstrated that
this opioid-induced immunosuppression and the promotion
of tumor growth were naloxone-sensitive or preventable by co-
administration of cyclooxygase-2 (COX-2) inhibitor [12]. In our
study, fentanyl, remifentanil, or alfentanil was intraoperatively
administered to most of patients in the propofol group, in con-
trast to the sevoflurane group. The result may be explained as
the conventional method of total intravenous anesthesia (TIVA)
consisting of propofol, opioids, and nitrous oxide. Furthermore,
there was a high incidence of the need of opioids in the propofol
group during the postoperative period, and this phenomenon
may be explained either by opioid-induced hyperalgesia or by
rapid awakening after propofol-based total intravenous anes-
thesia. Opioid-induced hyperalgesia has been reported after
remifentanil-propofol anesthesia in humans, although it may
be reduced in propofol-remifentanil anesthesia more than in
sevoflurane-remifentanil anesthesia [13,14]. Contrary to some
results suggesting the suppression of cancer-related immunity by
opioids, we could not find any deleterious effect of perioperative
opioids on the recurrence of cancer. The large sized, population-
based study showed no clinically significant association with
uses of opioids and the recurrence of breast cancer [15]. It may
be explained by relatively small dose used in our patients, com-
pared with those in other studies [11], or more patients of ad-
vanced stages, which were less vulnerable to the effect of opioid
on cancer recurrence [16].

NSAIDs and COX inhibitors have been shown to have anti-
tumor and anti-angiogenic properties in a rat model [17]. Forget
et al. [18] showed that NSAIDs, particularly given shortly before
the surgery decreases the risk of recurrence of breast cancer,
compared with other analgesics. They also suggested that the
ideal period for administering a drug that interacts with NK
cells may be right before surgery. In our study, postoperative ad-

130

VOL. 69, NO. 2, APRIL 2016

ministration of NSAIDs had no effect on the outcome of recur-
rence.

Nitrous oxide may not influence on cancer recurrence, whereas
it does impair immune systems, including important compo-
nent for confronting cancer [19]. We routinely used 50% nitrous
oxide and 50% oxygen in both anesthetic groups in the current
study.

Volatile anesthetics have been shown in various studies to
suppress elements of immune function including NK cell and
lymphocytes. Volatile anesthetics increased hypoxia-inducible
factors, which function as the protector of tissues and lead to
tumorigenesis and metastasis [20]. Both isoflurane and sevoflu-
rane, commonly used volatile anesthetics, exhibit immunosup-
pression and tumorigenesis through a number of mechanisms
including suppression of NK cell activity and lymphocyte func-
tion, proliferation, apoptosis, and invasion of cancer cells [21,22].

In contrast to most anesthetics, propofol has been suggested
in some studies to have anti-tumor properties and maintain
anti-tumor immunity in vitro and in vivo [3,7,23]. Propofol, in
contrast to isoflurane, stimulated the activation and differencia-
tion of T helper lymphocytes, a key step in anti-infective and
anti-tumor immune responses [23]. However, despite the body
of evidences and studies highlighting the anti-tumoral aspects of
propofol, there have been few clinical trials conducted to explore
the hypothesis that propofol-based total intravenous anesthesia
may be the most ideal agent for primary surgery of the cancer.
Only one study showed that there was greater inhibition of the
proliferation of ER-negative breast cancer cells in the serum of
patients receiving propofol/paravertebral anesthesia-analgesia
for breast cancer than in that of patients receiving sevoflurane/
opioid anesthesia-analgesia [24]. However, this result demon-
strated the combined effect of propofol and regional anesthetic
techniques because regional anesthetic techniques such as para-
vertebral analgesia can also take a role in reducing the risk of
recurrence of breast cancer during the initial year of follow-up
after surgery [25].

Inada et al. [26] suggested that the reported anti-tumor func-
tion of propofol could be associated with COX inhibition. They
postulated that the maximal therapeutic effect of COX-2 inhibi-
tors might be shown if these were given perioperatively because
tumor cells may be more easily microdisseminated during the
manipulation of tumor.

NSAIDs and COX-2 inhibitors are generally considered
“cancer prophylaxis’, as demonstrated in human studies [27]. In
co-culture of macrophages and NK cells, propofol dramatically
increased NK cell interferon-y production, and the actions of
propofol were similar to those of the selective COX-2 inhibitor
[28]. Although there is no remarkable finding yet that the COX
inhibitory function by propofol is relevant to its anti-tumor por-
perties, one mechanism of the anti-tumor effect of propofol may
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be associated with its similar action to COX-2 inhibitors. The
results in our study may support this theory: propofol-based to-
tal intravenous anesthesia reduced the risk of recurrence during
the 5-year follow-up period after breast cancer surgery, even if it
was administered more frequently with opioids. We may be able
to explain why opioids, used in most of the patients undergoing
propofol-based total intravenous anesthesia, did not result in
an increased risk of recurrence of breast cancer, because COX-2
inhibitors have been deemed to have a preventive ability against
opioid-induced immunosuppression.

An additional benefit of propofol-based total intravenous an-
esthesia for cancer surgery may be found in a different mecha-
nism. The stress response to surgery is attenuated by propofol-
based total intravenous anesthesia more than by inhalational
anesthesia. Ke et al. [29] suggested that TIVA using propofol
and remifentanil reduced the inflammatory response to surgical
stress-induced inflammatory response more than isoflurane-
based anesthesia did. They also showed a significantly lower
release of proinflammatory cytokines in propofol-remifentanil
group than in isoflurane-based anesthesia group. In our study,
there was no attempt for the evaluation of anti-inflammatory or
pro-inflammatory responses in the patients, because this was
designed in the retrospective study.

Numerous studies have been conducted to search risk fac-
tors for recurrence following cancer surgery. The treatment and
prognosis for invasive ductal carcinoma of breast were demon-
strated to be dependent on factors, such as the size of tumor, his-
tological grade, lymph node grade, expression of ER, PR, HER-
2, and the Nottingham Prognostic Index (NPI) [30]. In this
study, we excluded the NPI in the light of the multicollinearity
problem between the risk factors. On top of sevoflurane, we also
confirmed risk factors such as tumor size grade, lymph node in-
vasion, histologic grade, chemotherapy, and radiotherapy, which
were consistent with those of the other trials. There were no
principles regarding anesthetic techniques for cancer patients,

References

Leeetal.
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thetic technique among the risk factors for recurrence after can-
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cancer surgery, because of its over-anesthetic properties such
as antiemetic function. Therefore, more patients underwent
propofol-based total intravenous anesthesia, although this phe-
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eralized to other hospital because the surgical and medical treat-
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In conclusions, we observed that propofol-based total intra-
venous anesthesia substantially reduced tumor recurrence after
breast cancer surgery, and prospective and multicenter studies
may be necessary to provide the validity of our findings.
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