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Abstract

Purpose To determine the effect of adjunctive epidural

local anesthetic and opioid infusion on disease recurrence

following radical prostatectomy for adenocarcinoma under

general anesthesia.

Methods This article describes a secondary analysis of

subjects undergoing radical prostatectomy who had par-

ticipated previously in a randomized controlled trial

evaluating pain control, blood loss, and the need for

perioperative allogeneic blood transfusion. The patients

were randomly allocated to receive either general anes-

thesia alone (control group; n = 50) or combined general/

epidural anesthesia (study group; n = 49). A long-term

follow-up chart review was undertaken to determine clin-

ically evident or biochemical (Prostate Specific Antigen

[0.2 ng � mL-1) recurrence of prostate cancer. Compar-

ison by group was undertaken using survival analysis.

Results Median disease-free survival for the study as a

whole was 1644 days, and the longest recorded survival

was 3403 days. Biochemical recurrence of prostate cancer

was observed in 11/49 study subjects and 17/50 control

subjects. There was one death from prostate cancer in each

group and a total of five deaths in the study group and six

deaths in the control group. The hazard ratio for recur-

rence in the study group compared with the control group

was 1.33 (95% confidence intervals 0.64–2.77; P = 0.44

by log-rank test).

Conclusion No difference was observed between the

epidural and control groups in disease-free survival at a

median follow-up time of 4.5 years. There is a need for

large randomized controlled trials to determine the ability

of epidural analgesia to alter disease recurrence rates

following radical prostatectomy.

Résumé

Objectif Déterminer l’effet d’une thérapie adjuvante

d’anesthésique local péridural et perfusion d’opioı̈des sur

la récurrence de la maladie après une prostatectomie

radicale pour adénocarcinome sous anesthésie générale.

Méthode Cet article décrit une analyse secondaire de

patients ayant subi une prostatectomie radicale, lesquels

avaient précédemment participé à une étude randomisée

contrôlée évaluant le contrôle de la douleur, les pertes

sanguines et le besoin de transfusions sanguines allogènes

en période périopératoire. Les patients ont été randomisés

à recevoir soit une anesthésie générale seule (groupe

témoin; n = 50) ou une combinaison d’anesthésie générale

et péridurale (groupe à l’étude; n = 49). Une révision des

dossiers de suivi à long terme a été entreprise afin de
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déterminer la récurrence cliniquement évidente ou bio-

chimique (antigène prostatique spécifique [0,2 ng�mL-1)

du cancer de la prostate. La comparaison par groupe a été

effectuée par une analyse de la survie.

Résultats La survie médiane sans maladie pour

l’ensemble de l’étude était de 1644 jours, et la survie la

plus longue enregistrée était de 3403 jours. Une récidive

biochimique du cancer de la prostate a été observée chez

11/49 des patients du groupe à l’étude et 17/50 des patients

du groupe témoin. Il y a eu un décès dû au cancer de la

prostate dans chaque groupe et un total de cinq décès dans

le groupe à l’étude et six dans le groupe témoin. Le taux de

risque de récurrence était de 1,33 dans le groupe à l’étude

par rapport au groupe témoin (95 % intervalle de con-

fiance 0,64, 2,77; P = 0,44 par test de Mantel-Haenszel).

Conclusion Aucune différence n’a été observée entre les

groupes péridurale et témoin du point de vue de la survie

sans maladie à un suivi médian de 4,5 ans. Des études

randomisées contrôlées d’envergure sont nécessaires afin

de déterminer la capacité de l’analgésie péridurale à

altérer les taux de récurrence de la maladie après une

prostatectomie radicale.

The hypothesis that regional anesthesia for cancer surgery

might be associated with a decreased risk of disease

recurrence is both clinically appealing and biologically

plausible. Immunosuppression is likely a contributing

factor to cancer recurrence,1 and regional anesthesia is

known to positively modulate immunity.2 This, in turn,

may be attributable to the reduction in surgical stress

response that regional anesthesia provides by blocking

nociceptive afferent inputs.3 Allogeneic blood transfusion

is known to decrease cancer survival,4,5 and regional an-

esthesia reduces the risk of such transfusions. Our group

previously demonstrated that the use of a combined gen-

eral/epidural hypotensive anesthesia technique during

radical prostate surgery resulted in less need for allogeneic

blood.6 Others have obtained similar results.7,8

Five studies exist where the association between type of

anesthesia and cancer survival in vivo was examined. All

of the studies are retrospective observational investigations

that used statistical techniques to control as far as possible

for differences in subject and tumor characteristics between

treatment arms. In one such study, survival after resection

of cutaneous melanoma was found to be better after local

infiltration anesthesia than after general anesthesia,9 but in

two other studies, it was found to be no different.10,11 At

3 years postoperatively, paravertebral local anesthetic

block combined with general anesthesia for breast cancer

surgery was shown to be associated with a mean disease-

free increase in survival of 77–94%.12 Most recently, an

analysis of 225 men who underwent open radical prosta-

tectomy for cancer demonstrated a significant association

between the use of epidural anesthesia and disease-free

survival (hazard ratio for epidural group 0.43) after cor-

recting for a number of known risk factors for recurrence.13

The authors of these studies all recognized the potential

drawbacks of using retrospective data for this purpose and

argued that randomized trials should be conducted. Such

trials are underway but far from completion.14

In the meantime, we examined the disease-free survival of

subjects who participated in a previous randomized trial of

combined general/epidural anesthesia for radical prostatec-

tomy. Our specific objectives were to determine the

association, if any, between the use of epidural anesthesia and

disease-free survival. In the event no association was found,

we used serum prostate-specific antigen (PSA) measurements

as a marker for prostate cancer recurrence to estimate the

smallest survival difference that our dataset could detect.

Methods

The Health Research Ethics Board of the University of

Alberta approved the review of the medical charts of 99

patients who had participated in a randomized trial in 2000–

20016 and waived the necessity for specific informed con-

sent from each participant for this secondary analysis. In the

previous investigation, the subjects underwent radical pro-

statectomy for adenocarcinoma by random allocation using

either general anesthesia alone (control group; n = 50) or

combined general/epidural anesthesia (study group; n =

49). Following induction of general anesthesia, the study

group received a loading dose of 0.5% ropivacaine via

thoracic/lumbar epidural catheter to attain a mean arterial

pressure from 55–60 mmHg. This was followed by a con-

tinuous epidural infusion of 0.2% ropivacaine with fentanyl

2 lg � mL-1 to maintain the mean arterial pressure at that

level. The control group received intravenous morphine

sulphate 10–20 mg for intraoperative analgesia. No arrange-

ments were made for long-term supervision after the study,

and no protocol was established for treating the patients

following their discharge from hospital.

All operations occurred at least five years before we began

the current analysis. We examined hospital charts and

records from surgeons’ offices to determine the last date each

patient was known to be alive or the date and/or cause of

death, if applicable. (As a matter of administrative policy,

access to the comprehensive computerized database of lab-

oratory test results maintained by our health authority is not

permitted for research purposes.) We recorded clinically

evident recurrences of prostate cancer and obtained all

available postoperative PSA measurements. In accordance

with the literature, we defined biochemical recurrence of

prostate cancer as the detection of a PSA level

[0.2 ng � mL-1.15

108 B. C. H. Tsui et al.

123



We compared survival in the two treatment arms using

survival analysis by the life table method (PROC LIFET-

EST in SAS for Windows version 8.2), and we used a

proportional hazards regression model (PROC PHREG) to

compare the hazard ratio and 95% confidence interval for

recurrence between the study group and the control group.

Since the subjects had been randomly allocated to anes-

thesia type, we did not apply adjustments for confounding.

Subjects with no recurrence of prostate cancer were right-

censored at the last known date they were known to be

alive and disease-free, or on the day they died from non-

related causes. If no postoperative PSA data were availa-

ble, the subjects were effectively removed from the

analysis by right-censoring on the day of hospital dis-

charge. Treatment allocation was temporarily removed

from the dataset during the censoring process in an attempt

to make it as non-informative as possible.

Results

Table 1 presents the summary descriptive data of the two

groups. The randomization process yielded groups that

were well-balanced in all clinically important respects. In

the original investigation, 102 subjects were randomized,

51 to each of the study and control groups. However, it was

not possible to site the epidural catheter in two patients in

the epidural group, and one patient with renal failure was

recruited to the control group in violation of protocol. No

further data were collected on these subjects; as a result, 50

control group subjects and 49 study group subjects com-

pleted the protocol. All subjects survived to hospital

discharge. In 22 cases (14 patients in the study group and

eight patients in the control group) PSA data were una-

vailable after hospital discharge. Biochemical recurrence

of prostate cancer was observed in 11/49 study group

subjects and 17/50 control group subjects. There was one

death from prostate cancer in each group. No prostate

cancer recurrences presented other than biochemically or

by death. There were four other deaths in the study group,

all from cancer, one each of colon, kidney, liver, and lung

cancer. There were five other deaths in the control group;

two from coronary artery disease, one homicide, one from

pancreatic cancer, and one from bowel cancer. Progress of

the subjects through the investigation is summarized in

Fig. 1.

Median survival (to censoring or recurrence) for the

study as a whole was 1644 days, and the longest recorded

survival was 3403 days. Disease-free survival over time for

the two groups is shown in Fig. 2. Log-rank testing indi-

cated that there was no statistically significant difference

between strata (P = 0.44). The hazard ratio for the study

group was 1.33 with wide confidence intervals (0.64–2.77).

Discussion

This secondary analysis of data from a previous random-

ized trial showed no advantage in preventing biochemical

recurrence of prostate cancer resulting from the adjunctive

use of epidural analgesia at the time of radical prostatec-

tomy. This finding implies that either the study was

underpowered to detect any real difference or no treatment

effect exists.

We used the log-rank test to compare survival between

groups. Given our sample size, which was determined by

the size of the original trial, a post hoc calculation using an

alpha error of 0.05, a beta error of 0.2, and the control

group’s non-recurrence rate of 0.64 indicated that a hazard

ratio of at least 0.25 in favour of the epidural group needed

to be present to facilitate detection. Indeed, that non-

recurrence rate is an underestimate because it includes

subjects censored for lack of follow-up information, some

of whom may have experienced a recurrence. Nonetheless,

Table 1 Subject demographics,

preoperative prognostic indices,

and pathologic tumour staging

by treatment allocation

PSA prostate specific antigen

Epidural (n = 49) Control (n = 50)

Age (yr) mean ± SD 63.0 ± 5.5 63.9 ± 6.1

Body mass index (kg � m-2) mean ± SD 28.6 ± 3.6 27.7 ± 3.1

Preoperative serum PSA (ng � mL-1) mean ± SD 10.5 ± 8.2 8.5 ± 4.8

Preoperative Gleason score mean (95% CI) 6 (5–8) 6 (4–9)

B6 31 32

7 17 13

8–10 2 4

Preoperative clinical T stage mode (range) T2a (T1c–T2b) T2a (T1c–T2b)

Nodal involvement 1 1

Capsular invasion 18 23

Positive margins 20 20

Seminal vesicle involvement 3 5
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the difference in our epidural group’s non-recurrence was

much smaller and in the opposite direction. Therefore, our

principal explanation as to why we did not obtain a positive

result is due to the relatively small size of any potential

survival advantage (or disadvantage) conferred by epidural

anesthesia compared with the statistical power of the

investigation. From a pragmatic standpoint, it could be

argued that any intervention that could not deliver an

observable improvement over more than 200 subject-years

of observation is likely to be of limited clinical value.

It should be noted that biochemical recurrence of disease

following prostatectomy is not synonymous with the early

detection of clinically significant prostate cancer. About

35% of patients demonstrate rising PSA; however, the

median interval between biochemical recurrence and

metastasis is 8 years, and the median interval between

metastasis and death is 5 years.16 Many patients, especially

those of advanced age, may therefore opt to forgo the

adverse effects of active treatment for cancer recurrence.

This further increases the difficulty of demonstrating that a

measure, such as regional anesthesia, taken at the time of

surgery can materially affect survival. Our observation

period was simply not long enough to yield informative

data about prostate cancer deaths.

There is no universally accepted standard for the defini-

tion of biochemical recurrence of prostate cancer. Various

PSA values between 0.1 and 0.5 ng � mL-1 have been sug-

gested as appropriate cut-points for the definition of

recurrent disease, while others have suggested that rising

PSA over time is more informative than a single abnormal

measurement.16 We used 0.2 ng � mL-1, which is supported

by the literature15 and is the working definition used by our

clinicians. Had we used a cut-point of 0.4 ng � mL-1,

another well-supported choice,16 one study group subject

and one control group subject would have been deemed not

to have experienced recurrence. The survival period of a

further ten study subjects would have been extended by a

mean of 0.325 years, and the survival of a further seven

control subjects would have been extended by a mean of

0.57 years. In the aggregate, this would not have changed our

result. The use of a trend rather than a single value biases the

estimation of survival, since the more often PSA is measured

Fig. 1 Progress of subjects through trial
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the more rapidly a rise will be detected. In our study, PSA

was measured at 3-month intervals for the first year and then

annually. Thus, it is difficult to apply to our sample PSA

trend criteria from studies where frequent PSA measure-

ments were continued for a longer period after

prostatectomy.

An alternative explanation for the difference between

our result and that observed by Biki et al.13 (the retro-

spective study which found that the use of epidural

anesthesia conferred a significant survival advantage in

prostatectomy) is the relative absence of selection bias in

our study. Despite every effort on their part to correct for

confounding factors, they would have been unable to cor-

rect for biases that were not recorded or were unknown.

Clinical experience suggests to us that the decision to offer

or withhold epidural analgesic supplementation during

prostatectomy is not independent of the anticipated diffi-

culty of the anesthetic component or, by inference, the

surgical component of the procedure. An obese person, for

example, might present greater challenges in terms of both

successful placement of an epidural catheter and adequate

surgical disease clearance, and these data were not recor-

ded in the retrospective investigation. At the same time, we

acknowledge that we violated the intention-to-treat prin-

ciple to a small extent by failing to obtain long-term

follow-up data on the three subjects who were randomized

but excluded. We did not have sufficient information on

those individuals to include them retrospectively. We

hypothesize that both factors leading to these exclusions

(inability to site the epidural catheter in the two study group

recruits and renal failure in the control recruit) could only

have worsened and not improved their chances of survival.

Accordingly, the most extreme bias that these omissions

could have introduced, which would not have changed our

study outcome, would have been the net removal of a single

subject from the study group at increased risk of recurrence.

The value of this study is that it emphasizes the fact that

the debate about the use of regional anesthesia for the specific

purpose of cancer recurrence prevention can only be mean-

ingfully informed by much larger prospective trials.

Unfortunately, while there are ongoing ambitious and well-

powered trials regarding the preventative effect of regional

anesthesia on the recurrence of breast17 and colorectal18

cancer, they are not projected to be completed before 2013

and 2022, respectively. A planned study of epidural anes-

thesia on endometrial cancer recurrence rates was recently

abandoned because of a lack of an adequate study popula-

tion,19 which may exemplify some of the difficulties

involved in conducting this kind of investigation. Biki’s

retrospective analysis gave us a hazard ratio of 0.43 in favour

of epidural anesthesia.11 In order to demonstrate this survival

advantage in a randomized trial, assuming a 5-year control

biochemical recurrence rate of 32%, a 5-year follow-up on

210 subjects would be required. That figure increases to 3064

in order to detect the smallest treatment effect contained in

the 95% confidence bounds of Biki’s result (0.83).
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Ultimately, the conduct of a prospective trial of suffi-

cient power and duration to provide definitive answers to

these questions may prove to be too difficult and costly, in

which case, the best available data from meta-analyses or

population studies will have to suffice. We caution against

drawing conclusions from retrospective studies that do not

contain at least sufficient information about the manner in

which the decision whether to offer regional anesthesia was

made. Nevertheless, if the estimates of improved cancer

survival attributed to the use of regional anesthesia derived

from the retrospective studies are even approximately

correct, every effort should be made to demonstrate them

prospectively, since this would constitute a very substantial

improvement in outcome. This would be of crucial

importance for patients, anesthesiologists, and surgeons

alike. The benefits of epidural anesthesia during radical

prostatectomy are proven in terms of less blood loss and

less need for allogeneic blood transfusion and pain control.

For the time being, we suggest that the question whether

epidural anesthesia also confers improvement in prostate

cancer recurrence rates continues to be regarded as

unanswered.
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