
Introduction

Cervical carcinoma is one of the most common malig-

nancies of the female reproductive tract, of which squa-

mous cell carcinoma accounts for 90-95% [1]. Surgery

remains the first-line treatment for these patients, but even

the best surgical technique is associated with release of

tumor cells to blood and lymph [2-4]. Many patients may

already shelter preexisting micrometastases and scattered

tumor cells at the time of surgery [3]. Consequently, local

recurrence or metastatic disease frequently occurs and ul-

timately may prove lethal. Whether the minimal residual

disease results in clinical metastases depends primarily on

the balance between the body’s immune activity and the

tumor’s ability to proliferate, vascularize, and colonize a

new site [4].

The idea that surgery per se depresses immunity and pro-

motes local cancer recurrence and distant metastasis is not

novel. The immunosuppressive effects of surgery have been

well documented in both humans and animals [5-7]. A num-

ber of theories explain how the surgical procedure itself may

promote cancer recurrence after excision; most notably that

the adverse impact of surgical stress on the body’s innate

tumor defense mechanisms [4, 8]. Interestingly, there is

growing recognition of the potential for anesthetic technique

to influence long-term outcome in cancer patients by mod-

ulating the neuroendocrine stress response and via interac-

tions with the immune system. Compared with general

anesthesia, regional anesthesia, including epidural and

spinal block, can effectively reduce the excessive stress re-

sponse after surgery [9], and thereby attenuate surgery in-

duced immunosuppression [10, 11]. Clinical observation has

indicated the association between regional anesthesia and

reduced tumor recurrence and improved survival in patients

with breast cancer [12], ovarian cancer [13], colon cancer

[14], prostate cancer [15], and melanoma [16]. However,

the possible influence of epidural anesthesia on postopera-

tive immune function in cervical carcinoma patients under-

going radical resection is still largely unknown.

It is common knowledge among tumor immunologists

that natural killer (NK) cells play a crucial role in the pow-

erful elimination of tumor cells [17]. They are the primary

defence against cancer cells [15]. Multiple studies show an

inverse relationship between NK cell activity at the time of

surgery and the development of metastatic disease. Patients
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with a low level of NK cell activity have been reported to

have a higher incidence of cancer [18]. Animal studies have

shown that stress-induced reduction in NK cell activity can

cause enhanced tumor development [19]. On the other

hand, the body’s immune system is also modulated by a

complex, integrated network of cytokines including inter-

leukins (ILs) and interferons. Certain cytokines (such as

IL-2 and IFN-γ) are antitumorigenic and thus promote and

stimulate the immune system’s antitumor capability,

whereas others (such as IL-1β, IL-6, and IL-8) are protu-

morigenic and thus inhibit an effective immune response

and permit tumor growth [20]. Therefore, the present au-

thors designed a prospective randomized study aimed at

evaluating the influence of epidural anesthesia on the early

immunological changes, including NK cell activity, protu-

morigenic cytokines, and antitumorigenic cytokines, in cer-

vical carcinoma patients undergoing radical resection. They

tested whether combined general/epidural anesthesia, com-

pared to general anesthesia alone, may help to preserve the

body’s defenses against tumor progression.

Materials and Methods

Patients
Between January 2010 and December 2012, all pathologically

diagnosed cervical carcinoma patients (range 25–70 years) with

an American Society of Anesthesiologists (ASA) physical status

of I-III scheduled to receive radical resection were enrolled in this

study. The exclusion criteria were: emergency surgery, severe car-

diac insufficiency, use of analgesic medication the week before

surgery, acute medical illness within 16 weeks of current study,

history of substance abuse or cognitive dysfunction, ongoing ther-

apies with immune-regulatory drugs, and any contraindication to

the epidural catheter placement. The ethical committees of the

present hospital approved this study, and informed consent was

obtained from all patients.

Protocol
Patients were randomly assigned to combined general/epidural

anesthesia (study group) or general anesthesia alone (control

group). For radical resection of cervical carcinoma, extensive hys-

terectomy and pelvic lymphadenectomy are sometimes necessary.

Taking into account the possibly of wide operation scope and pro-

longed operation time, there was no group given epidural anaes-

thesia alone in the present study. Surgical team and procedures and

intraoperative and postoperative management were similar in both

groups with the only difference in the intraoperative analgesia.

All patients received intramuscular injection of phenobarbital

100 mg and atropine 0.5 mg 30 minutes before the induction of

anesthesia. In the study group, an epidural catheter was placed via
the L1–L2 interspaces and 10 ml of 0.75% ropivacaine was ad-

ministered. General anesthesia was induced using 0.05-1 mg/kg

midazolam, 2-2.5 ug/kg fentanyl, 1.5-2.5 mg/kg propofol, and

0.25-0.5 mg/kg atracurium intravenously, and maintained with

continuous intravenous infusion of propofol 4-6 mg /kg/h,

atracurium 0.3 mg /kg/h, and remifentanyl 4-5 μg /kg/h. The pa-

tients received five ml of 0.75% ropivacaine via epidural catheter

during operation every 1.5 hours. General anaesthesia was induced

using the same method in the control group as in the study group,

but maintained with intravenous infusion of propofol 5-10 mg

/kg/h, atracurium 0.5 mg /kg/h, and remifentanyl 5-10 μg /kg/h.

NK cell activity and cytokines measurement
Venous blood samples were obtained at three different time

points: before anesthesia (T1), four hours after skin incision (T2),

and 24 hours after skin incision (T3). The activity of NK cells was

evaluated against K-562 cells in a chromium-51 (51Cr) release assay

as previously described [21]. K-562 cells were used as target cells

and labeled with 51Cr. Mononuclear cells from blood samples of pa-

tients were used as effector cells and 100 μl target cells (1×105

cells/ml) and 100 μl effector cells (1×107 cells/ml) were mixed and

incubated at 37°C for four hours with a CO2 concentration 5% in

humidified air. After centrifugation, the radioactivity of 100 μl su-

pernatant was investigated using an automatic well-type γ scintil-

lation counter. The cytotoxicity was measured by the formula

below:

% activity = (experimental 51Cr release - spontaneous 51Cr release) × 100

(maximum 51Cr release - spontaneous 51Cr release)

Spontaneous 51Cr release was measured by incubating target

cells with assay medium, and maximum release was measured by

incubating target cells in water containing sodium dodecyl sulfate

2%.

For cytokines measurement, blood samples were centrifuged at

4,000 g, and the resulting serum was stored at -20°C until analy-

sis. IL-1β, IL-2, IL-6, IL-8, and IFN-γ were measured by enzyme-

linked immunosorbent assays according to manufacturer’s

instruction. All samples were measured in duplicate, and the av-

erage of the two values was used for further statistical analysis.

Statistics
Statistical analysis was performed with SPSS version 17.0 . Val-

ues are expressed as mean ± SD. Statistical comparisons were

made by non-parametric methods with Wilcoxon’s matched-pairs

signed-ranks test for paired data, and Mann-Whitney Test for un-

paired data. All tests were two-tailed, and the significance level

was set at p < 0.05.

Results

From January 2010 to December 2012, a total of 85 pa-

tients were entered into this study. Forty-three patients

formed the study group while 42 patients formed the con-

trol group. The two groups were homogeneous for age,

weight, ASA risk score, blood loss, and length of surgical

procedure (Table 1). None of the patients experienced com-

plications due to the epidural catheter.

No difference was observed in basal NK cell activity (T1

NK cell activity) between study and control groups. In both

of the two groups, NK cell activity was lower at T2 (33.1 ±

Table 1. — Patients characteristics (values are expressed
as mean ± standard deviation).
Variable General Combined general/ p value

anesthesia epidural anesthesia

Age (years) 61 ± 7.8 59 ± 6.3 0.595

Weight (kg) 64 ± 8.1 66 ± 7.5 0.634

Operative time (min) 136 ± 28.8 145 ± 31.3 0.328

Blood loss (ml) 285 ± 42 298 ± 38 0.459

ASA risk score 2.3 ± 0.2 2.1 ± 0.3 0.225
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4.6% and 25.2 ± 4.0%) and T3 (30.2 ± 5.4% and 19.0 ±

4.6%) than at T1 (38.1 ± 9.3% and 36.2 ± 8.3%). Further-

more, levels of NK cell activity were significantly higher in

study group than in control group at both T2 (p = 0.008)

and T3 (p < 0.001) (Figure 1).

Enzyme-linked immunosorbent assays were performed

to detect concentrations of cytokines at different time

points. At T1, there were no differences in IL-1β, IL-2, IL-

6, IL-8, and IFN-γ concentrations between the study and

control groups. Importantly, the study group showed sig-

nificantly lower IL-1β, IL-6, and IL-8 concentrations and

higher IL-2 and IFN-γ concentrations at both T2 and T3

compared to the control group (Figure 2).

Discussion

It is believed that the postoperative period is the most

vulnerable period for potential metastasis after surgery

[22, 23]. This vulnerability is mostly attributed to im-

munosuppression [24]. Possible effects of anesthesia on

the immune system have been discussed from the early

20th century, and the protective function of regional anes-

thesiaon on immunity is increasingly acknowledged. Use

of epidural anesthesia may help to preserve the body’s de-

fenses against tumor progression [11], and consequently,

decrease tumor recurrence and improve patients’ survival

[25]. In the present study, the authors detected NK cell ac-

tivity and five cytokines in cervical carcinoma patients re-

ceiving different anesthesia regimens. They found that

patients who received combined general/epidural anes-

thesia exhibited less suppression of NK cell activity,

higher levels of antitumor cytokines IL-2 and IFN-γ, and

lower levels of tumorigenic cytokines IL-1β, IL-6, and IL-

8 in the early stage after operation, compared with those

who received general anesthesia alone.

NK cells are a distinct subpopulation of lymphoid lin-

eage that can “naturally” kill certain tumor cells and

virus-infected cells without prior sensitization or MHC

restriction. Animal studies have indicated that suppres-

sion of NK cell activity can promote the development of

some types of tumor, specifically during the metastatic

process [19, 26], and human studies have shown associ-

ations between low perioperative NK cell activity and

higher rates of cancer recurrence or mortality [27]. Sur-

gery induced depression in cell mediated immunity, in-

Figure 2. — IL-1β, IL-2, IL-6, IL-8, and IFN-γ concentrations in the study and control groups at T1, T2, and T3. T1, before anesthesia;

T2, four hours after skin incision; T3, 24 hours after skin incision.

Figure 1. — NK cell activity in the study and control groups at

T1, T2, and T3. T1, before anesthesia; T2, four hours after skin in-

cision; T3, 24 hours after skin incision.
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cluding NK cell functions, has been well documented.

The present study showed better NK cell activity in cer-

vical carcinoma patients when epidural anesthesia com-

bined with general anesthesia. This finding is in

agreement with some previous studies. For example, sim-

ilar preservation of NK-cell activity following epidural

use has been shown in epithelial ovarian cancer patients

[11]. In Koltun et al.’s study, patients receiving general

anesthesia had a significant reduction in NK cell cyto-

toxicity perioperatively, while patients receiving epidural

anesthesia had no significant change in NK cell cytotox-

icity [28]. Collectively, these observations suggest that

epidural anesthesia would attenuate postoperative sup-

pression of NK-cell function and help preserve effective

defenses against tumor progression.

The role of cytokines in cancer immunity and carcino-

genesis in general has been well established. Certain cy-

tokines are protumorigenic, whereas others are anti-

tumorigenic [20]. Studies have shown that IL-1 influences

tumor growth and metastases either directly by prolifera-

tive effects or indirectly by enhancing proinflammatory

and proangiogenic pathways in host cells [29]. The up-

regulation of IL-1β in breast cancer is considered a poor

prognostic indicator [30]. Serum IL-6 concentration was

also found significantly higher in cancer patients com-

pared with healthy controls [31], and associated with

tumor metastases and patient survival [32]. Another tu-

morigenic cytokine, IL-8, is critical to tumor neovascu-

larity and progression [33]. On the other hand, both IL-2

and IFN-γ are well known antitumor cytokines. The study

by Bobe et al. indicated that decreased levels of IL-2 are

associated with an increased risk of colorectal adenoma

recurrence [34]. Furthermore, a number of positive clini-

cal results have been observed after IL-2 treatment in a

variety of solid tumours [20]. In terms of IFN-γ, it has im-

portant effects in the tumor microenvironment, including

the inhibition of cell proliferation and angiogenesis [35].

Previous investigations have proven the effect of regional

anesthesia on perioperative cytokine response and tumor

metastasis. For example, in Deegan et al.’s study, patients

receiving regional anesthesia showed a decrease in tu-

morigenic cytokines IL-1β/IL-8 and an increase in anti-

tumor cytokine IL-10 [30]. The present results also

showed higher levels of antitumorigenic IL-2 and IFN-γ,

and lower levels of protumorigenic IL-1β, IL-6, and IL-8

in the early postoperative period in patients who received

combined general/epidural anesthesia. These data may

help to explain why epidural anesthesia could defend the

body’s immune function and has been associated with de-

creased recurrence rates and prolonged survival in pa-

tients with malignancies.

In conclusion, this prospective trial indicates difference

in NK cell activity and cytokine response between cervi-

cal carcinoma patients receiving combined general/

epidural anesthesia and general anesthesia alone. Com-

bined general/epidural anesthesia seems to positively in-

fluence NK cell activity and cytokines pattern. Further in-

vestigation is required to determine the significance of

these observations.
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