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Background: Whether regional anesthesia is associated with tumor-free and long-term survival is controversial. Here, we fo-
cused on whether epidural anesthesia affects the long-term survival of gastric cancer patients after surgery.
Material/Methods: We obtained the records of 273 patients undergoing gastric cancer surgery between August 2006 and December
2010. All patients received elective surgery, and the end-point was death. The general anesthesia group com-
prised 116 patients and the epidural-supplemented group comprised 157 patients. The results were analyzed
using a multivariable model to determine the relationship between epidural use and long-term survival.
Results: No obvious association was detected between epidural use and long-term survival according to the Cox model
(P=0.522); the adjusted estimated hazard ratio was 0.919 (95% Cl 0.71-1.19). However, according to Kaplan-
Meier analysis, epidural anesthesia was associated with long-term survival among younger patients (age up
to 64) (p=0.042, log-rank) (but not among older patients (p=0.203, log-rank). A lower American Society of
Anesthesiologists (ASA) class and less chemoradiotherapy exposure were also associated with a longer surviv-
al. However, advanced tumor stage still has a significant negative impact on survival.
Conclusions: No obvious difference was detected between the 2 anesthesia groups, but younger patients may benefit from
epidural anesthesia.
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Background

Surgery is the first choice for the treatment of most solid tu-
mors without metastasis. However, surgery releases tumor
cells into the circulation [1]. Many studies have demonstrat-
ed that surgery can promote cancer metastasis by suppressing
immunity and natural killer (NK) cell activity, both in vivo and
in vitro [2,3] Morphine- or fentanyl-based general anesthesia
elicits an immunosuppressive effect by decreasing NK cell ac-
tivity [4]. A stress response is an unavoidable adverse effect
of general anesthesia [5,6]. Epidural anesthesia decreases the
stress response after surgery, which can promote tumor me-
tastasis [7-9]. Administration of opioids and inhaled anesthet-
ics also contributes to increased NK cell activation during neu-
ral blockade. Studies have shown that epidural-supplemented
anesthesia reduces cancer recurrence and postoperative mor-
tality [8,9]. However, other studies found no association be-
tween anesthesia (epidural and non-epidural experimental
groups) and survival or the recurrence of cancer after cancer
surgery [10,11]. In another study, epidural anesthesia was as-
sociated with a lower recurrence of cancer after cancer surgery
in patients older than 64 years. In a large cohort study, epidur-
al anesthesia was associated with prolonged survival in can-
cer patients without metastasis; however, recurrence in these
patients was unaffected [12]. Therefore, due to the conflict-
ing results, we retrospectively analyzed 273 patients who un-
derwent gastric cancer surgery. The endpoint was death. We
sought to determine whether epidural-supplemented anes-
thesia is associated with prolonged survival.

Material and Methods

After we received approval from the Review Board and Ethics
Committee of ZheJiang Cancer Hospital, we collected the clin-
ical records of 273 patients who underwent primary gastric
cancer resection between August 2006 and December 2010.
The follow-up ended at death, and the longest follow-up peri-
od lasted nearly 8 years (September 2006 to September 2014).
In total, 116 patients were in the non-epidural group, and 157
patients were in the epidural-supplemented group.

Epidural anesthesia was administrated in gastric cancer pa-
tients except for those with low blood volume, shock, local in-
fection/surgery/trauma/malformation, bacteremia that may
cause epidural infection, low coagulation status or insufficient
stopping time anticoagulant, children, mental illness, and pa-
tients who refused the epidural.

General anesthesia was induced with 0.5 pg/Kg sufent-
anil (Yichang Humanwell Pharmaceutical Co. Ltd. Yichang,
Hubei, China) 1.3-3.0 mg/Kg propofol (AstraZeneca, UK), and
30-50 pg/Kg midazolam in patients of both groups. Anesthesia
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was maintained with 4-12 mg/Kg propofol and 0.5-1.0 pug/Kg
remifentanil in the non-epidural group. Remifentanil (Yichang
Humanwell Pharmaceutical Co. Ltd. Yichang, Hubei, China) was
replaced with 0.25% levobupivacaine (Rundu, Zhuhai, China)
or ropivacaine (AstraZeneca, UK) via an epidural catheter in
the epidural group.

We identified factors that may influence survival after surgery.
These factors included age, sex, ASA class, tumor stage, anes-
thetic technique, surgical method, hemorrhage volume during
the operation, and radiotherapy with or without chemotherapy,
as well as a history of hypertension, diabetes, coronary heart
disease, chronic obstructive pulmonary disease, liver disease,
or any other disease. The TNM (topography, lymph node, and
metastasis) staging was also obtained, and the tumors were
divided into stages 0-IV based on the pathologic staging sys-
tem that was in use when the surgery was originally performed.

The data were recorded in Excel, and SPSS statistical analysis
software was the main tool used for data analyses. Normally
distributed continuous variables were compared using inde-
pendent-samples t tests. Non-normally distributed variables
were compared using the Mann-Whitney U test. Categorical
variables were compared using the chi-square or Fisher’s exact
tests. We used the Kaplan-Meier log-rank test for univariate
analyses and the Cox proportional hazards regression model for
multivariate analyses of the survival time after cancer surgery.

All factors that affect survival time after cancer surgery were
selected as the main effects in the multivariate Cox model.
The significance level for each hypothesis was 0.05. We used
SPSS Statistics version 22.0.0.0 (IBM Corp. USA).

Results

All baseline factors, including perioperative and postopera-
tive risk factors, were compared between the groups (Table 1).
There were more men in the epidural group.

The median survival times for cancer patients were 13.15
(7.1-21.95) and 13.2 (7.8-23.0) months for patients in the
non-epidural and epidural-supplemented groups, respective-
ly. No difference was found between the groups (p=0.541).

The Kaplan-Meier analysis indicated no association between
epidural-supplemented anesthesia and prolonged survival
(p=0.680 log-rank), as shown in Figure 1. However, epidural
anesthesia increased the long-term survival in patients young-
er than 65 years (p=0.035 log-rank test) (Figure 2).

The multivariate Cox regression model indicated no significant
association between epidural use and prolonged survival after
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Table 1. Patient characteristics in two types of anesthesia techniques.
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Statistics are median (Q1, Q3), or N (%), as appropriate. Wilcoxon Rank Sum Test unless specified. * Pearson chi-square test.

*** Tumor stage, stage 0 — Tis; NO, MO; stage | — T1, NO, M0/T2, NO, MO; stage Il = T1 N1 M0/T2 N1 M0/T3, NO, MO/T1, N3, M0/T3 N1
MO/T2 N2 M0/T4a NO MO; stage Ill — T2—4a, N3, MO/T3-4b, N2, M0/T4 NO-1 MO; stage IV —any T, any N, M1. **** TO, no evidence of
primary tumor; T1, invasion via submucosa into lamina; T2, invasion into the muscularis propria; T3, invasion through the subserosa;
T4, invasion of surrounding structures. ***** NO, no lymph nodes involved; N1, one to two nodes involved; N2, three or seven nodes
involved. N3, seven or more nodes involved. ****** MO, no metastasis; M1, metastasis. ** Surgical Technique, 1, Distal gastrectomy
with Billroth | or Billroth Il reconstruction; 2, Total gastrectomy with Roux-en-Y Gastric Bypass surgery. 3, Other surgical techniques not
specified. CHD — coronary heart disease; HEP — hepatopathy; COPD — chronic obstructive pulmonary disease; OTH — other disease not
specified. ASA — American Society of Anesthesiologists; ST — surgical technique; T — topograph; N — lymph node; M — metastasis;

EBL — estimated blood loss; RC — radiotherapy and/or chemotherapy; HBP — hypertension; DIA — diabetes; OTH — other disease not
specified.
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Figure 1. Kaplan-Meier time to overall survival curve for epidural
and non-epidural groups. Log-rank test, P=0.68. GA
represents general anesthesia, EGA represents general
anesthesia-based epidural anesthesia.

cancer surgery (p=0.522), and the adjusted estimated hazard
ratio was 0.919 (95% ClI 0.71-1.19) (Table 2). Table 3 shows
the main effects for another multivariate Cox model. ASA sta-
tus, tumor clinical stage, and chemoradiotherapy still affect-
ed prolonged survival after gastric cancer surgery.

Discussion

Currently, whether epidural anesthesia prolongs the survival
of cancer patients after surgery is controversial. Biki [8], and
Hiller [9] demonstrated that epidural use is associated with
lengthened survival in patients receiving surgery for prostat-
ic carcinoma, pancreatic adenocarcinoma, and gastro-esoph-
ageal cancer. In contrast, studies by Christopherson [13] and
Myles [14] showed no association between epidural anesthe-
sia and prolonged survival in patients receiving surgery for
gastric, colorectal, gastro-esophageal, non-small cell lung, and
abdominal cancers. A Cochrane Review addressing this topic
showed no survival benefit for the 2 groups by using a fixed-
effects model with an HR of 1.03 (95% Cl 0.86-1.24) in the
pooled results [15].

In recent decades, scientists have focused on the effects of peri-
operative factors and interventions on cancer recurrence and
overall survival. Many factors are involved in cancer recurrence
and overall survival, including tumor type, tumor stage and size,
surgical skill and techniques, anesthetic technique, radiothera-
py with or without chemotherapy, blood loss, and transfusions

Figure 2. Epidural use and age categories, Kaplan-Meier curves
for overall survival time in epidural and non-epidural
groups by age categories. Log-rank test, P=0.035. GA
represents general anesthesia, EGA represents general
anesthesia-based epidural anesthesia.

during the perioperative period. Other factors include comorbid
diseases, such as hypertension, immunodeficiency, diabetes, or
chronic obstructive pulmonary disease. The mixed results of the
present study are difficult to interpret. Further investigation is
needed before a reliable conclusion can be drawn.

The stress of surgery negatively affects the adaptive immune
system [16]. Because immune surveillance is the first indica-
tor for preventing cancer metastasis, immune suppression or
disturbance may decrease the defensive barrier against intrud-
ers such as tumor cells, as well as inflammation. Immune sup-
pression may then facilitate cancer cell migration and lead to
cancer recurrence at either a local or distant site. The suppres-
sion of NK cell activity due to the stress of surgery promotes
tumor movement [17-20]. Some anesthetics such as opioids
and inhaled anesthetics may inhibit immune function, includ-
ing NK cell activity, lymphocyte proliferative responses to mi-
togens, and phagocytic activity [8,18,19]. Morphine and fen-
tanyl have been well studied for their ability to suppress NK
cell cytotoxicity [4].

Local anesthesia is traditionally used for surgery. As previous-
ly described, the limited use of opioids during local anesthesia
may attenuate the suppression of NK cell cytotoxicity. Studies
also support this hypothesis [9-12]. Additionally, regional an-
esthesia inhibits the surgical stress response and is linked to
earlier recovery times by reducing the incidence of thrombo-
embolic, pulmonary, and gastrointestinal complications, as well
as inflammation after major surgery [20,21].
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Table 2. COX regression results for multivariable of baseline factors.
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Baseline factors P value Hazard ratio 95.0% Cl
Sex 336 .863 639 1.165
A 3 YR 979 1008
Anesthetic technique . 2 o9 . 70 1190
CmsAstaws® 02
CmsAstaws) 2 o 61 3660
CAsAstaws() oue 894 g 6775
CasAstaus(V) 867 89 08 6549
Csage®)* 00 . a0 73 653
Csage() 02 . a1 26 886
Csageqd) o1 . o 166 21
Csage 00 . a8 73 . 653
sugicaltechnique 1% 86
sugicaltechique2 94 1018 557 1sel
Sugicaltechnique3 o s 52 2200
Radiotherapy and/or chemotherapy | 000 198 1472 2630
Estimatebloodloss . o9 1000 . 999 1001
Cmansfuson s08 1000 . 999 1001
CHypertension a9 1199 7 18
CDiabetes o2 216 . 933 5029
Chronic heart disease 52 s %4 1988
CHepatopathy 04 108 . 70 1660
Chronic obstructive pulmonary disease . g0 80 . 06 2588
Otherdisease 695 1061 . 90 1423

Estimated overall survival function of each factor in multivariable COX regression model. * No Estimated of hazard ratio (95%
confidence interval [CI]) provided be- cause of very large proportion (96%) of “yes.” ** Tumor stage, stage 0 — Tis; NO, MO;

stage | - T1, NO, M0/T2, NO, MO; stage Il - T1 N1 MO/T2 N1 MO/T3, NO, MO/T1, N3, MO/T3 N1 MO/T2 N2 M0/T4a NO MO;

stage Il = T2—4a, N3, M0/T3-4b, N2, MO/T4 NO-1 MO; stage IV — any T, any N, M1. *** Surgical technique, 1, Distal gastrectomy with
Billroth | or Billroth Il reconstruction; 2, Total gastrectomy with Roux-en-Y Gastric Bypass surgery. 3, Other surgical techniques not

specified.

The conclusion of this study is consistent with that reached
by Cakmakkaya [15] that epidural anesthesia is not associated
with the overall survival of gastric cancer patients after surgery.
However, there were some differences between this study and
previous studies. Hiller [9] found that effective epidural anal-
gesia improved the estimated median time to death among
participants who received surgery for gastro-esophageal can-
cer. This study focused on gastric cancer patients who under-
went surgery at the same hospital, and the study end-point

was death. Interestingly, we found that epidurals improved
the long-term survival of younger patients (aged 65 years or
younger). Because of the complex effects involved, we still
have not reached a conclusion concerning the direct interac-
tion between epidural use and prolonged survival after gas-
tric cancer surgery. The beneficial effect observed in young-
er patients may be attributed to their education level, better
health, and better immunity, or the administration of postop-
erative chemotherapy with or without radiotherapy.
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Table 3. COX multivariable regression results

Factors

Radiotherapy and/or chemotherapy
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95.0% ClI

for main effectors. Estimated overall survival function of main factors in multivariable COX regression model. * Tumor stage, stage
0 - Tis; NO, MO; stage | — T1, NO, MO/T2, NO, MO; stage Il = T1 N1 MO/T2 N1 MO/T3, NO, MO/T1, N3, MO/T3 N1 MO/T2 N2 MO/T4a NO
MO; stage Il — T2—4a, N3, MO/T3-4b, N2, M0/T4 NO-1 MO; stage IV —any T, any N, M1.

The majority of gastric cancer surgeries were performed in
less than 2 hours in our hospital. Fluid infusion during the sur-
gery was continuous with a crystal: colloid ratio of 2: 1 during
a period of 2 hours. The surgical and anesthesia techniques
were performed according to standard procedures. The out-
comes for cancer patients can be influenced by many factors
(described above).

The present study has certain limitations. Retrospective stud-
ies have inherent weaknesses, including susceptibility to bias,
selection bias, and confounding variables. Moreover, the classi-
fication of gastric cancer has been changed, so “misclassifica-
tion” in the past may have biased and nullified the result today.
Also, the non-epidural group may have received other anal-
gesics, which would increase the heterogeneity of the group.

This retrospective study was unable to demonstrate any sig-
nificant benefit for survival after the administration of epi-
dural anesthesia during gastric cancer surgery. More results
from randomized controlled trials, such as studies sponsored
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by The Cleveland Clinic [22], are needed to draw a reliable
conclusion. Our group is preparing a randomized controlled
study on this topic.

Conclusions

According to the results of the Mann-Whitney U test, the me-
dian survival after surgery for patients receiving epidural an-
esthesia was 17.1 months (range, 10.0-52.8 months). Epidural
anesthesia combined with general anesthesia during gastric
cancer surgery had no effect on the long-term survival accord-
ing to the Cox proportional hazards regression model. Younger
patients who received epidurals were more likely to have lon-
ger survival after surgery.
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