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ABSTRACT

Objective To investigate the influence of epidural
anaesthesia and analgesia (EA) on cancer recurrence and
overall survival after surgery for gastric cancer.

Study design and setting A retrospective study which
involved patients with stage I-ll gastric cancer undergoing
curative resection in a medical centre from January
2012 to December 2017 and followed up until December
2019 through electronic medical chart review. Patient
demographics, anaesthetic and surgical characteristics
and pathologic features were also gathered.

Primary and secondary outcome measures The
effects of EA on postoperative cancer recurrence and
overall survival were evaluated using proportional hazards
regression models with inverse probability of treatment
weighting (IPTW). Multivariable Cox regression analyses
were conducted for sensitivity analysis as well.

Results Among the 413 patients with median follow-up
of 38.5 months (IQR: 22.1-59.7), 66 (16.0%) received

EA after gastric cancer surgery. EA was not associated
with greater cancer recurrence (IPTW-adjusted HR:

0.55, 95% CI: 0.27 to 1.13, p=0.102) or cancer specific
(IPTW- adjusted HR: 0.53, 95% CI: 0.27 to 1.04, p=0.07)
and all-cause mortality (IPTW-adjusted HR: 0.65, 95% Cl:
0.37 to 1.16, p=0.143) after gastric cancer resections. For
sensitivity analysis, multivariable Cox regression analysis
also generated non-significant EA effects on cancer
recurrence and survival after surgery.

Conclusions There was no significant association
between EA and cancer recurrence or overall survival in
patients with stage I-lll gastric cancer receiving surgical
resection of primary tumour. Prospective study should be
considered to elucidate the relationship between EA and
cancer outcomes after gastric cancer surgery.

INTRODUCTION

Gastric cancer is the third most frequent
cause of cancer mortality in the world,
leading to around 800 000 deaths each year.'
Surgical resection was the only possible cura-
tive treatment.” Although tumour character-
istics are the main factors related to gastric
cancer recurrence, inflammatory responses
may also play some roles in cancer outcomes
after surgery.”” The secretion and synthesis
of various inflammatory cytokine induced by
surgical incision can lead to inflammatory

Strengths and limitations of this study

» This is the first study to investigate the effect of
epidural anaesthesia and analgesia on oncological
outcomes of patients with gastric cancer who un-
derwent gastrectomy in Taiwan.

» Inverse probability of treatment weighting methodol-
ogy which could avoid sample loss and compromise
of statistical power was applied to reduce the imbal-
ances in patient characteristics between groups and
obtain more reliable estimation of epidural effects.

» Due to the nature of retrospective design, potential
selection bias and unobserved confounding factors
cannot be excluded.

responses.” Besides, surgical intervention
itself may cause tumour cell seeding into
blood and lymphatic system.® In spite of the
dispersal of the tumour cell, the periopera-
tive immunity can affect the development of
metastasis.” The anaesthetic management,
blood transfusion, hypothermia and opioid
use may suppress the cell-mediated immunity
and influence the microenvironment and
growth of tumour cell.’

Previous study showed that the combina-
tion of epidural and general anaesthesia had
increased viable T-lymphocyte and decreased
inflammatory cytokines level compared with
general anaesthesia only during the tumour
resection of earlystage gastric cancer.’
However, reviewing the recent literature, the
role of epidural anaesthesia and analgesia
(EA) in the prognosis of gastric cancer is still
controversial.*" Accordingly, we designed
this retrospective study to investigate the
isolated impact of EA on recurrence and
survival of patients undergoing curative resec-
tion of gastric cancer. We used inverse prob-
ability of treatment weighting (IPTW) based
on propensity scores to weight study subjects
by the probability of treatment and created a
synthetic sample which eliminate imbalances
in baseline characteristics between groups.'?
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Figure 1 Flow diagram for patient selection.

In light of the positive associations in previous study, we
hypothesise that EA may be associated with lower cancer
recurrence rate and improved overall survival (OS) in
patients receiving gastric cancer surgery. The risk factors
of recurrence and mortality after gastric cancer surgery
were also explored and their potentially confounding
effects on cancer outcomes were further eliminated using
sound analytical approaches.

METHOD

Patient selection

This study was approved and exempted from the need
for patient consents by the Taipei Veterans General
Hospital Institutional Review Board (IRB-TPEVGH
no. 2018-06-009CC). All methods were conducted in
accordance with local guidelines and regulations at the
Taipei Veterans General Hospital. We reviewed the insti-
tutional electronic medical database of all patients who
underwent gastric surgery at our medical centre from
January 2012 to December 2017. Patients with previous
gastric surgery, missing critical data about demographics,
pathology result or postoperative analgesic evaluation
were excluded (figure 1). According to the patholog-
ical result, surgeries for benign lesions and patients with
synchronous malignancy were also excluded. Besides,
stage IV disease or patients undergoing palliative surgery
were also excluded from the analysis. The remaining
patients were analysed in the two groups: one received

general anaesthesia combination with perioperative EA
and the other received general anaesthesia only.

Patient and public involvement
No patient involved.

Analgesic management

All patients who received major abdominal surgery in our
medical centre were offered the choice of EA for periop-
erative and postoperative analgesia. The epidural cathe-
ters were implanted at the lower thoracic spine on the day
before the surgery. To test the function of the epidurals,
one bolus of lidocaine 2% was given after catheter place-
ment. A loading dose of lidocaine 2% 60-100 mg was
administrated before surgery began and then the contin-
uous infusion of bupivacaine 0.25% or 0.5% at a rate of
5-10 mL/hour was given during surgery. For postopera-
tive pain control, EA with continuous dose of fentanyl 1
pg/mL and bupivacaine 0.1% at a rate 4-6 mL/hour and
bolus dose of 2-2.5 mL with a lockout interval of 15-30
min were typically used until 48-72 hours after surgery.
For patients who refused epidurals implantation because
of surgeon or patient preference and those not suitable
due to the contraindications for epidurals, an intrave-
nous patient-controlled analgesia was administrated by
an ambulatory infusion pump (Gemstar Yellow, Hospira,
Illinois, USA) to deliver continuous infusion of morphine
at a rate of 0.5-1.0 mg/hour and boluses dose of 1 mg
with a lockout time of 6 min for postoperative analgesia.

Data collection

The electronic medical records of the included patients
were reviewed by a specialist anaesthesiologist who was
not involved in data analysis and following variables were
collected: age, sex, body mass index, Charlson Comor-
bidity Index," preoperative haemoglobin and albumin
level; pretreatment carcinoembryonic antigen and carbo-
hydrate antigen 199 (CA19-9) level,'"* anaesthesia time,
surgical technique (open or laparoscopic) and blood
loss, perioperative packed red blood cell transfusion,
diameter of tumours, tumour nodes metastasis staging,'’
histological differentiation, lymphovascular invasion and
postoperative adjuvant chemotherapy.

The date of death was determined according to medical
record or death certificate. Recurrence was decided
by the radiologists and general surgeons based on the
imaging studies (eg, CT, MRI, bone scan and so on). The
primary outcome was recurrence-free survival (RFS) and
the secondary outcome was cancer-specific survival (CSS)
and OS. For those without cancer recurrence or death,
the survival time was regarded as the corresponding
censored observations. Competing risk events were
regarded as censoring in the analysis of CSS.

Statistical analysis

Comparisons of baseline attributes between epidural
and non-epidural groups were performed using x* tests
for categorical covariates and either t tests or Wilcoxon
rank sum tests for continuous covariates, as appropriate.
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Kaplan-Meier method was applied to compare the RFS
and OS curves between groups. Univariate Cox regression
analysis was used to assess the effect of covariates on RFS
or OS. To cope with the potential imbalance of measured
confounders between two groups, propensity scores
based on a list of patient characteristics were generated
to estimate the probability of receiving epidurals (online
supplemental file 1). An IPTW method on propensity
score was used to eliminate possible confounding effects
from the imbalances in collected variables. The inverse of
estimated probability was then used for further weighted
regression analysis and stabilised weights were employed
to diminish the impact of large weights on analytical
results.”” Continuous variables are presented as mean
with SD and categorical variables are expressed as count
with percentage. To reduce skewness of non-normal
continuous variables, such as anaesthesia time and blood
loss during surgery, logarithmic transformation was
applied. To assess balance in the distributions of observed
covariates between the two groups, standardised differ-
ences were conducted. Weighted Cox regression analysis
was applied to examine the association between EA and
cancer recurrence or OS based on IPTW. For sensitivity
analysis, significant predictors of RFS or OS in univariate
analysis were considered as candidates for stepwise model
selection procedures in multivariable models. The asso-
ciation between EA and outcomes was further examined
adjusting for the determined predictors of the multivari-
able models. The significance level for all hypotheses
was 0.05 for a two-tailed test. All the statistical analyses
were performed using SAS software, V.9.4 (SAS Institute,
Cary, North Carolina, USA). We employed Schoenfeld’s
formula for the proportional hazards regression model
to estimate the minimum requirement of sample size."®
Based on the previous study by Hiller et al,'” at least 354
subjects were needed to achieve a power of 0.8 given a
type I error rate of 0.05 and the proportion of patients
receiving EA in our study.

RESULT

Among the 413 patients included in the analysis, 66
(16.0%) received EA for gastric cancer resection. The
median follow-up interval for all patients was 38.5 (IQR:
22.1-59.7) months. Note that before IPTW, more patients
receiving EA before 2015 and the EA group had less
chance to receive laparoscopic surgery and more blood
loss during surgery (table 1). However, after IPTW,
these variables become more balanced between groups
(table 1).

Epidural analgesia and recurrence risk

Note that EA was not associated with recurrence risk
(HR=0.8, p=0.5, figure 2A) in the univariate analysis.
Multivariable analysis identified five independent prog-
nostic factors of cancer recurrence, including body
mass index (BMI) (HR=0.93), CA19-9 (on base-2 loga-
rithmic scale, HR=1.15), blood loss during surgery (on

base-2 logarithmic scale, HR=1.30), cancer stage (II vs I,
HR=2.41; III vs I, HR=5.06) and pathologic lymphovas-
cular invasion (HR=2.45) (table 2). The effect of EA on
cancer recurrence after gastric cancer surgery remained
non-significant after the adjustment for these indepen-
dent predictors (HR=0.58, 95% CI: 0.30 to 1.11). After
IPTW, weighted Cox regression model shows non-
significant difference in the risk of cancer recurrence
between groups (HR=0.55, 95% CI: 0.27 to 1.13, p=0.102,
figure 2B)

Epidural analgesia and mortality risk

No significant difference in OS after surgery was noted
between groups in the univariate analysis (HR=0.97,
p=0.91, figure 2C). Multivariable model identified six
independent prognostic factors of OS, including BMI
(HR=0.89), Charlson Comorbidity Index (HR=1.24),
CA19-9 (on base-2 logarithmic scale, HR=1.15), laparo-
scopic surgery (HR=0.53), anaesthesia time (on base-2
logarithmic scale, HR=2.16) and cancer stage (II vs I,
HR=1.39; Il vs I, HR=3.11) (table 3). The effect of EA on
OS after gastric cancer surgery remained non-significant
after the adjustment for these significant predictors
(HR=0.75, 95% CI: 0.45 to 1.25), similar to the results of
weighted Cox regression model (HR=0.65, 95% CI: 0.37
to 1.16, p=0.14, figure 2D) after IPTW. Moreover, EA
was not significantly associated with CSS either (IPTW-
adjusted HR: 0.53, 95% CI: 0.27 to 1.04, p=0.07).

DISCUSSION

To our knowledge, this is the first study to investigate the
effect of EA on oncological outcomes of patients with
gastric cancer who underwent gastrectomy in Taiwan.
Our study did not support the hypothetical effects of
EA on RFS or OS after gastric cancer surgery. Besides,
recent randomised clinical studies did not support such
associations either'®™" and more prospective studies are
necessary to evaluate the effects of EA on oncological
outcomes after gastric cancer surgery. From the meth-
odological perspective, our study applied sound analyt-
ical approaches to generate reliable estimations which
provide valuable information about the relationships
between EA and oncological outcomes after surgery. In
this study, we collected major oncological prognostic
factors to reduce potential confounding effects on
the estimation of epidural influence on outcomes of
interest.” '* Besides, since comorbidity is an important
predictor of cancer survival, the commonly used Charlson
Comorbidity Index was also considered in the analysis.”!
Moreover, we used the IPTW methodology to reduce the
imbalances in patient characteristics between groups
and obtain more reliable estimation of epidural effects.
With limited sample size, the IPTW approach could avoid
sample loss and compromise of statistical power which
commonly happened in the propensity score matching
and provide more precise estimations.'** Finally, multi-
variable regression models were employed to ensure the
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Table 1 Patient demographics
Original data After IPTW
EA group Non-EA group Standardised EA group Non-EA group Standardised
(n=66) (n=347) difference (n=60) (n=354) difference
Age, year >70 50 (75.8%) 225 (64.8%) 241 35 (567.7%) 235 (66.5%) 18.2
Sex, male 32 (48.5%) 168 (48.4%) 0.1 28 (46.5%) 169 (47.8%) 2.6
BMI, kg/m? 23.7+3.8 28 71435 1.5 23.8+3.4 2814315 3.4
CCl 5+2 5+2 2.7 542 542 10.7
Haemoglobin, g/dL 12.2+2.2 11.9+2.1 185 11.8+2.8 11.9+2.1 4.7
Albumin, g/dL 3.9+0.3 3.9+0.4 18.7 3.9+0.4 3.9+0.4 8.0
Pretreatment CA19-9, 2(1.8-3.2) 2 (1.5-3.8) 1.4 2 (1.7-3.2) 2 (1.5-3.8) 10.4
U/mL
Pretreatment CEA, pg/L 9 (4.8-15.0) 7 (3.3-15.9) 13.4 7 (3.5-13) 8 (3.3-15.9) 18.9
Blood transfusion 14 (21.2%) 91 (26.2%) 11.8 16 (26.2%) 90 (25.5%) 1.7
Year 79.8 0.4
<2015 56 (84.8%) 174 (50.1%) 33 (65.5%) 197 (65.7%)
>2015 10 (15.2%) 173 (49.9%) 27 (44.5%) 157 (44.3%)
Laparoscopic surgery 15 (22.7%) 146 (42.1%) 42.3 23 (38.1%) 138 (39.0%) 1.9
Blood loss, mL 175 (50-300) 100 (30-200) 42.8 100 (30-200) 100 (50-250) 26.6
Anaesthesia time, min 330 (300-405) 330 (270-375) 22.3 300 (270-390) 330 (270-390) 6.3
Postoperative C/T 34 (51.5%) 140 (40.3%) 22.6 27 (45.8%) 150 (42.3%) 7.1
TNM stage 23.0 7.6
I 18 (27.3%) 148 (42.7%) 23 (38.2%) 142 (40.2%)
Il 21 (31.8%) 77 (22.2%) 13 (20.9%) 84 (23.7%)
11l 27 (40.9%) 122 (35.2%) 24 (40.9%) 128 (36.1%)
Tumour size, >5 cm 27 (40.9%) 146 (42.1%) 2.4 27 (45.5%) 149 (42.1%) 7.0
Histological 7.2 1.9
differentiation
Well to moderate 33 (50.0%) 161 (46.4%) 29 (47.7%) 166 (46.8%)
Poor 33 (50.0%) 186 (53.6%) 31 (562.3%) 188 (563.2%)
Lymphovascular invasion 33 (50.0%) 167 (48.1%) 3.7 35 (568.0%) 171 (48.3%) 19.5

Values were mean+SD, counts (per cent) or median (IQR). Continuous variables were analysed with either t tests or Wilcoxon rank sum tests,
as appropriate; categorical variables were analysed with Pearson y? tests. Standardised difference is the difference in mean, proportion or
rank divided by the pooled SE, expressed as percentage; imbalance is defined as absolute value greater than 20 (small effect size).

BMI, body mass index; CA19-9, carbohydrate antigen 19-9; CClI, Charlson Comorbidity Index; CEA, carcinoembryonic antigen; C/T,
chemotherapy; EA, epidural anaesthesia and analgesia; IPTW, inverse probability of treatment weighting; TNM, tumour, node, metastases.

consistency of estimated results and explore risk factors
of cancer recurrence and OS after curative surgery for
gastric cancer in the current study.

Although some scholars suggested regional anaes-
thesia and analgesia could reduce opioid use to improve
prognosis after cancer surgery because opioids might
suppress natural killer cell activity and increase metastatic
progression,” common problem like relatively small
sample size after propensity score matching or poten-
tial selection bias due to no matching was often noted
in these studies.'” ' * On the contrary, our study did not
support any beneficial effect of EA on the prognosis of
gastric cancer. Wang et al demonstrated no association
between epidural use and long-term survival and Shin et
aldisclosed postoperative EA use was not related to better

recurrence or mortality rate.” The recent retrospective
studies revealed no advantage of using EA in patients who
underwent gastric cancer resection either,®?% Moreover,
several randomised clinical studies investigating the EA
effects on oncological outcomes in miscellaneous cancer
surgeries failed to identify any significant connection
in EA and cancer prognosis as well."™ Our rigorously
designed observational study provides new evidence to
reject the hypothesis of association between EA and onco-
logical outcomes after gastric cancer surgery.

Our study also identified other factors associated with
prognosis of gastric cancer after the regression analyses,
including BMI, cancer stage, and so on. Jang et alproposed
a U-shaped relationship between BMI and prognosis of
gastric cancer® but our study revealed higher BMI was
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Figure 2 Kaplan-Meier curves for recurrence-free and
overall survivals of the EA and non-EA groups in patients
with gastric cancer surgery. No significant difference in
cancer recurrence was noted before (A) and after (B) inverse
probability treatment weighting. Besides, the differences in
overall survival before (C) and after (D) inverse probability
treatment weighting were not significant either. EA, epidural
anaesthesia and analgesia.

associated with better oncological outcomes after gastric
cancer surgery. Kambara et al demonstrated patients with
excess body fatness tended to have higher surgical stress
and postoperative infection rate but fewer lymph nodes
dissection. By contrast, those with lower to normal range
BMI were associated with worse immunity and nutritional
status, and deeper tumour invasion. As a result, both the
extremely high and low BMI might result in worse gastric
cancer outcomes.”® Since most of the collected patients
in our study were with low to normal range BMI, it is not
strange to find higher BMI exhibited protective effects
from inferior outcomes after gastric cancer surgery.

The previous studies have demonstrated both the
laparoscopic group and open group had similar surgical

Table 2 Forward model selection for recurrence-free
survival before weighting

HR 95% CI P
Epidural analgesia 0.58 0.30-1.11 0.099
BMI 0.93 0.87-0.99 0.030
CA19-9* 1.15 1.06-1.26 0.001
Blood loss* 1.30 1.10-1.52 0.002
Cancer stage <0.001
sl 2.41 0.96-6.07 0.061
I[RVEY 5.06 2.13-12.01 <0.001

Lymphovascular invasion 2.45 1.32-4.53 0.004

*On base-2 logarithmic scale.
BMI, body mass index; CA19-9, carbohydrate antigen 19-9.

Table 3 Forward model selection for overall survival before
weighting

HR 95% CI P

Epidural analgesia 0.75 0.45-1.25 0.266
BMI 0.89 0.84-0.94  <0.001
Charlson Comorbidity  1.24 1.12-1.37 <0.001
Index
CA19-9* 1.15 1.07-1.25  <0.001
Laparoscopic surgery  0.53 0.33-0.85 0.009
Anaesthesia time* 2.16 1.29-3.64 0.004
Cancer stage <0.001

Ilvsl 1.39 0.75-2.60 0.297

vs | 3.11 1.85-5.24  <0.001

*On base-2 logarithmic scale.
BMI, body mass index; CA19-9, carbohydrate antigen 19-9.

complication rate, anastomotic leakage, number of
resected lymph nodes and oncological outcomes.”” %
However, in our study, it is noticed that patients receiving
laparoscopic gastrectomy had better OS but similar RFS
after controlling for the effects of other selected factors.
It might result from the fact that patients with better
general condition and less advanced disease had more
chance to receive laparoscopic gastric cancer surgery®
and thus laparoscopic surgery was associated with better
OS in our study.

Our study also demonstrated that blood loss during
surgery is a risk factor for cancer recurrence. Intraoper-
ative blood loss may cause immunosuppression by loss
of plasma constituents.” The decrease in natural killer
cell activity was also noted after excessive blood loss.
The intraoperative blood transfusion due to blood loss
may increase interleukin-6 and tumour growth factor.”
Besides, excessive bleeding may cause impaired wound
healing and postoperative complications.” Furthermore,
the dispersion of microscopic cancer cells into pelvic
cavity via blood loss may result in peritoneal recurrence.”
Nevertheless, the effects of intraoperative blood loss on
cancer prognosis are inconclusive and deserve further
investigations.

There are several limitations in our study. First, although
potential selection bias and unobserved confounding
effects may exist due to the retrospective design, we have
included major prognostic factors to reduce the impacts
from uncollected confounders. Second, cancer outcomes
of patients lost to follow-up were difficult to collect and
the corresponding censoring time was used in the anal-
ysis. Third, we did not collect the consumptions of opioids
and non-opioid analgesics due to data unavailability.
However, it is not necessary to include opioid demands
in the analysis since the opioid-sparing effect is an advan-
tage of EA and opioid consumption after surgery could
be regarded as another endpoint of EA use, instead of
a confounding factor in evaluating the effects of EA on
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cancer outcomes. Fourth, only 16% of patients received
EA and most of them underwent surgery before 2015 and
without laparoscopic surgery. However, the imbalances in
the distributions of these two factors between the EA and
non-EA groups improved considerably after the IPTW
adjustment.

In conclusion, our study rejected the hypothetical
association between EA and reduced cancer recurrence
or all-cause mortality in patients with stage I-III gastric
cancer undergoing curative surgery and provided useful
information about the prognostic factors of postoperative
cancer recurrence and survival. More prospective studies
and randomised control trials should be considered in
the future to elucidate the relationships between EA and
oncological outcomes after gastric cancer surgery.
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