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Abstract

Introduction: There is increasing awareness that different anesthetic and analgesic techniques may impact outcomes after oncological
surgery, generally through modifying effects on the immune system but potentially via other mechanisms including mitigating the surgical
stress response. This narrative review aims to summarize the mechanisms underlying the effect of perioperative factors on oncological out-
comes, with an emphasis on the available urologic literature. Methods: Literature on anesthetic technique (i.e., general vs. regional) and
oncological outcomes were reviewed with a particular focus on urological studies. Results: In prostate cancer surgery, the risk of mortality
has been reported to be reduced with the use of regional (i.e., neuraxial) anesthesia, but there was no association between anesthetic tech-
nique and progression-free or biochemical recurrence-free survival. In nonmuscle invasive bladder cancer, regional anesthesia has been
associated with lower recurrence rates and longer time to recurrence following transurethral resection of bladder tumor. Conclusions: This
review highlights the role of regional anesthesia to improve oncoimmunological responses after surgery, potentially through decreased use
of volatile anesthetics and opioids, decreased activation of the surgical stress response, and a direct local anesthetic-mediated anti-inflam-
matory effect. Available urological literature suggests an association of anesthetic type and outcomes for nonmuscle invasive bladder cancer
and prostate cancer surgeries but the evidence is limited. Prospective studies are needed to further investigate the relationship between anes-
thetic technique and urologic oncological outcomes. © 2019 Elsevier Inc. All rights reserved.
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1. Introduction cancer sites including melanoma, colorectal, lung, and

breast cancer [1—5]. However, uniform results across

The perioperative period is a critical time during which
promotion of cancer progression or metastases may occur
through direct cancer cell spillage at the time of surgery,
suppression of the antitumor immune response, and direct
stimulatory effects on tumor cells. Anesthetic agents com-
monly used in the perioperative period can also have a dra-
matic influence on the immune system, which can impact
progression by disrupting the balance of cancer immune-
editing. To date, the relationship between anesthetic tech-
nique and oncological outcomes has been studied in several
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malignancy type have not been seen and the relationship
between anesthetic-induced immunosuppression and
cancer recurrence remains unresolved. In the urological lit-
erature, several retrospective studies have examined the
relationship between anesthetic technique and oncological
outcomes [6—22]. The opportunity exists therefore to
potentially improve perioperative patient care by utilizing
anesthetic techniques and/or medications that may mini-
mize immunosuppression. The goal of this review is to
highlight the known cellular and molecular mechanisms
that may underlie the effect of perioperative factors on
oncological outcomes, based on a comprehensive analysis
of the recent literature.
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2. Perioperative factors

2.1. Perioperative stress response

There are several changes that occur in response to the
stress of surgery that impact the host immunologic response
to cancer cells (Fig. 1, Table 1). The hypothalamic-pitui-
tary-adrenal axis and sympathetic nervous system are key
drivers of the surgical stress response [1,2,23]. Stimulation
of the hypothalamic-pituitary-adrenal axis and sympathetic
nervous system leads to release of catecholamines, gluco-
corticoids, prostaglandins and endogenous opioids, which
would generally shift the balance from a type 1 T helper
(Thl) to a type 2 T helper (Th2) cell milieu that would
potentially favor tumor growth [24]. Catecholamines
decrease the population of natural killer (NK) cells and
cytotoxic T lymphocytes, both of which have the ability to
modulate or inhibit tumor growth [25—27]. Catecholamines
can lead to release of tumor-promoting cytokines (IL-4, IL-
6, IL-8, IL-10) and a decrease key cytokines involved in
cancer immune surveillance (IL-12, TNF-alpha, and IFN-
gamma) [28—31]. Furthermore, catecholamines promote
angiogenesis through increased production/release of
proangiogenic factors (e.g., VEGF, MMP2, and MMP9),
thereby favoring cancer proliferation [27,28,32,33]. These
proangiogenic processes can mirror and exacerbate those
tumor intrinsic pathways involving production of prosta-
glandin E2, stimulating myeloid-derived suppressor cells as
well as tumor-associated macrophages [34].

2.2. Inhalational and intravenous anesthetics

Several studies have shown that anesthetic agents, both
inhalational and intravenous, have effects on the immune sys-
tem [25,35—44]. Inhalational agents inhibit cell-mediated
immunity and are protumorigenic, in contradistinction to
intravenous anesthetics which have been demonstrated to pro-
mote cell-mediated immunity and may have more antineo-
plastic properties. Retrospective studies in breast, colon, and
rectal cancer have demonstrated inhalational anesthetics to be
associated with decreased overall survival compared to
total intravenous anesthesia with propofol (TTVA-propofol)
[35—38]. In the largest retrospective study to date consisting
of 5,214 propensity—matched individuals, use of inhalational
agents during elective oncological surgery was associated
with a hazard ratio (HR) of 1.46 for overall mortality over a
3-year follow-up period compared to intravenous anesthetics
[37]. Similarly, a recent meta-analysis examining the effects
of anesthetic agents on cancer outcomes demonstrated a sig-
nificantly improved recurrence-free survival (n=7,860) in a
compilation of (breast, esophageal, and nonsmall cell lung)
cancer types (pooled HR 0.78; 95% CI 0.65—0.94; P < 0.01),
as well as overall survival (n=18,778) (pooled HR 0.76;
95% CI 0.63—0.92; P < 0.01) with TIVA-propofol when
compared to inhalational anesthetics [39]. The tumor-promot-
ing effect of inhalational anesthetics is thought to occur, in

part, to inhibition of NK cells with subsequent promotion
of tumor growth and metastases [40]. In contrast, propofol
does not reduce NK cell activity or inhibit cell-mediated
immunity [36].

2.3. Regional anesthesia

A 2014 Cochrane review concluded that evidence for the
benefit of epidural anesthesia on tumor recurrence is inade-
quate to draw definitive conclusions [41]. However, only 4
studies consisting of a total of 746 participants were avail-
able for review. All 4 studies were secondary data analyses
of previously conducted prospective randomized controlled
trials (RCTs) and the quality of evidence was graded low
for overall survival and very low for both progression-free
survival and time to tumor progression. In contrast, a sepa-
rate meta-analysis of retrospective studies suggested that
regional anesthesia improves overall survival after onco-
logic surgery, although a definitive effect on cancer recur-
rence was not confirmed [42].

Several studies have examined the effect of regional
anesthesia on tumor growth [43—45]. Regional anesthesia
is believed to (1) facilitate tumor responses by limiting
afferent signals of the surgical insult sent to the central ner-
vous system; (2) decrease the efferent activation of the sym-
pathetic nervous system; (3) decrease endogenous opioid
release, as well as perioperative opioid requirements; and
(4) reduce inflammation through a direct local anesthetic
anti-inflammatory effect [43—45]. Taken together, as stated
in a recent review by the American and European Societies
for Regional Anesthesia, non-neuraxial regional analgesia
techniques might reduce metastases but the evidence is
weak and only retrospective in nature [46]. Epidural analge-
sia, on the other hand, has slightly more robust evidence
and has been shown in 5 RCTs to have a protective role on
the immune response and inflammation, but evidence is
lacking demonstrating a clinical impact on disease-free sur-
vival or recurrence [46].

2.4. Opioids

The hypothetical benefits attributed to regional anesthe-
sia techniques are thought to stem, as least in part, from the
effect of local anesthetics in (1) inhibiting the neuroendo-
crine stress response to surgery; (2) limiting the periopera-
tive volatile and opioid requirements; and (3) reducing
inflammation through a (local anesthetic) intrinsic anti-
inflammatory effect [44]. Opioids can directly inhibit
immunologic responses to cancer cells [47,48] and there-
fore the benefits of regional techniques might be mitigated
(or even completely negated) when performed with opioids
alone. Indeed, this was tested in a recent matched-cohort
analysis, Chipollini et al. evaluated 430 patients undergoing
radical cystectomy for nonmetastatic urothelial bladder car-
cinoma under perioperative epidural analgesia (primarily
dosed with sufentanil) and general anesthesia (epidural
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Fig. 1. The impact of perioperative factors on immunological control of cancer cell proliferation. Release of catecholamines caused by the surgical stress
response promotes oncogenesis through (1) a decrease in the number and activity of natural killer cells and cytotoxic T lymphocytes, (2) a shift from M1 to
M2 macrophages which release cancer-promoting cytokines (IL-4, IL-10) and proangiogenic factors (VEGF, MMPs); and (3) release of TGF beta from mac-

rophages and T regulatory cells, which further promotes immunosuppression and angiogenesis.
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Table 1
Factors implicated in tumor immunology

Tumor-suppressing Tumor-promoting

Innate Natural killer cells Neutrophils
M1 macrophages M2 macrophages
Type 1 NKTs Type 2 NKTs
Myeloid-derived cells
Tumor associated macrophages
Adaptive Thl CD4 cells Th2 CD4 cells
Cytotoxic CD8 cells B lymphocytes
CD4 regulatory cells

group) vs. general anesthesia (GA group) alone [49]. In this
analysis, the epidural group received higher median intrave-
nous morphine equivalents when compared to the GA
group (75 mg vs. 50 mg respectively; P < 0.0001), and had
an elevated 2-year recurrence rate compared to GA patients
(25.2% vs. 20% respectively; Gray test P= 0.0508) [49]. In
addition, sufentanil-alone epidural analgesia was a signifi-
cant predictor of worse recurrence-free survival (adjusted
HR =1.67, 1.14—2.45; P=0.009) and cancer-specific sur-
vival (HR=1.53, 1.04—-2.25; P=0.030) on multivariable
analyses [49].

Opioids (morphine in particular) reduce NK cell activity
against cancer cells and enhance tumor growth and angio-
genesis through activation of VEGF [47,48]. Retrospective
studies in breast and nonsmall-cell lung cancer have shown
an association of intraoperative opioid use with decreased
survival [50,51]. In a retrospective study of 593 patients
with metastatic prostate cancer, higher mu-opioid receptor
expression and greater opioid requirements were associated
with shorter progression-free survival and decreased overall
survival [6].

3. Anesthesia effects and urologic cancer surgery

3.1. Prostate cancer

Studies assessing the effect of GA vs. regional anesthe-
sia on prostate cancer outcomes have had mixed conclu-
sions with most trials reporting negative results. A 2015
systematic review included 10 studies with 6,261 patients
receiving GA and 7,504 patients receiving either neuraxial
anesthesia alone or in combination with GA [7]. Of these
studies, one was a secondary analysis of a prospective
RCT and the remainder were retrospective cohort studies
[7—17]. Median follow-up time of these studies was 3.2 to
16.2 years. Three studies were positive [8—10], while 7
were negative [11—17]. There was no difference in overall
survival, biochemical recurrence-free survival, or progres-
sion-free survival [7]. A number of these studies, however,
did not utilize propensity matching, which may have led to
significant unmeasured confounding. When only studies
with propensity matching were included, use of regional
anesthesia was associated with a 19% reduction in the risk
of mortality, significantly improving overall survival (HR

of 0.81; 95% confidence interval 0.68—0.96; P =0.016) [7].
The authors suggested that the risk of mortality was signifi-
cantly reduced with the use of regional anesthesia, but there
was no association between anesthetic technique and pro-
gression-free or biochemical-free survival restricting any
conclusions of the study [7].

There are several limitations of these previous studies
that make interpretation difficult. The retrospective nature
and lack of randomization in all but one of the studies may
have led to significant residual confounding despite propen-
sity matching. In 7 of the 10 studies, use of GA in both
treatment groups is another confounder. In the 3 studies
that compared GA to spinal anesthesia alone, there was no
difference in biochemical recurrence-free, progression-free,
or overall survival [15—17]. Furthermore the patient popu-
lations studied (mostly low risk) and historical definitions
utilized for recurrence limit any conclusions and relevance
to contemporary practice.

Finally, a major limitation of these retrospective studies
is the lack of standardized anesthetic protocols for general
and regional anesthesia treatment groups. Variations in
practice pattern will always exist among anesthesiologists,
making it difficult to control the type and dose of drugs
used in retrospective studies. Although less opioid is gener-
ally used with regional anesthesia, this may not always be
the case. In a study done by Scavonetto et al., improved
progression-free and overall-survival were seen in patients
receiving combined epidural and GA compared to those
receiving GA alone [10]. However, in a subsequent study
published by the same group, no difference was seen
between those receiving GA and epidural anesthesia [16].
This was attributed to prolonged infusion of epidural fenta-
nyl in the latter group, which was absorbed systemically.
Furthermore, use of anti-inflammatory and opioid medica-
tions pre- and postoperatively were left uncontrolled limit-
ing any conclusions given their contribution to the
perioperative immunologic responses.

Taken together, the impact of anesthesia technique on
prostate cancer outcomes remains unclear. The risk of
unidentified confounding factors is significant in these ret-
rospective studies, making interpretation difficult. Prospec-
tive RCTs with standardized protocols may help eliminate
variation in perioperative anesthesia practice. However,
low recurrence rates and prolonged time to recurrence in
prostate cancer, together with the substantial numbers
required to identify a small relative reduction in recurrence,
make prospective RCTs in this disease group somewhat
impractical. Moreover, as use of minimally invasive techni-
ques for radical prostatectomy becomes more common-
place, the minimal requirement for opioids, combined with
less activation of the surgical stress response and less
immune suppression may further limit the ability to detect
an effect of anesthetic technique on outcome. Indeed, there
is significant preclinical as well as prospective trial evi-
dence of differences in early inflammatory and anticancer
immunological responses between open and laparoscopic



A.J. Lusty et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 845—852 849

approaches to cancer surgery, although none of these
include investigations in prostate cancer [52,53].

3.2. Bladder cancer

Most bladder cancers are nonmuscle invasive bladder
cancer (NMIBC) at the time of presentation and, given the
high recurrence rates and generally intensive local thera-
pies, NMIBC represents a highly prevalent and a resource-
intensive cancer to manage [54]. The high recurrence rates,
short time to recurrence, and ability to readily perform
transurethral resection of bladder tumors (TURBTS) under
GA or regional anesthesia, make this an ideal model to
evaluate the effect (if any) different anesthetic techniques
may have on oncological outcomes.

To date, 3 retrospective studies have evaluated the
impact of anesthetic technique on outcomes after TURBT,
all of which were published in the last 3 years [18—21].
The first study was a retrospective analysis of 137 and 24
patients who underwent TURBT under spinal and GA
respectively. This showed a partial correlation between
increased 5-year survival and spinal anesthetic, but no dif-
ference in S5-year recurrence rates [18]. Important limita-
tions of this study were that the authors: (1) did not control
for pathological grade between groups; (2) did not record
use of adjuvant therapy; and (3) did not clearly define recur-
rence. Two more recent studies did find an association
between spinal anesthesia and decreased recurrence rates
following TURBT [19,20]. Choi et al. examined 5-year
recurrence rates in 534 and 156 propensity-matched
patients who underwent TURBT under spinal and GA
respectively [19]. After a median follow-up time of 35
months, spinal anesthesia was associated with a lower inci-
dence of recurrence (HR 0.64; 95% confidence interval
0.498—0.826; P <0.001) and longer time to recurrence
(41.1 vs. 35.5 months; P <0.001) compared to GA [19].
Similarly, in a cohort of 231 patients who underwent
TURBT, Koumpan et al. showed that spinal anesthetic was
associated with a lower incidence of recurrence on multi-
variable analysis (OR 2.06, 95% CI 1.14—3.74; P=0.017)
and longer time to recurrence compared to GA (42.1 vs.
17.2 months; P=0.014) after controlling for European
Organization for Research and Treatment of Cancer risk
group (amalgam of tumor grade, stage, size, and number of
lesions) and use of adjuvant therapy [20]. Limitations of the
latter 2 studies include their retrospective design and rela-
tively small sample sizes; furthermore, they did not report
specific perioperative medication protocols for each group.

Use of regional analgesia in combination with GA at
time of cystectomy for muscle invasive disease has not
been associated with improved cancer-specific or overall
survival, although there are limited studies [21,22,49].
Weingarten et al. found no difference in rates of cancer
recurrence, cancer-specific survival, or overall survival
between patients who underwent cystectomy with addi-
tion of spinal anesthesia (n=195) and those who had

GA alone (n=195) [21]. This was despite significantly
less opioid use in the regional anesthesia group, which
would be expected to allow for a more robust immuno-
logic response. Similarly, Doiron et al. found that use of
thoracic epidural analgesia was not associated with
reduced cancer-specific or overall survival in 1,628
patients undergoing cystectomy over a 5-year observa-
tion period [22]. Limitations of these studies include
their retrospective nature, lack of controlled periopera-
tive medication protocol, and confounding use of GA in
addition to regional anesthesia.

In summary, for patients with bladder cancer, regional
(spinal) anesthesia was associated with lower recurrence
rates and longer time to recurrence following treatment
with TURBT for NMIBC in retrospective studies, but this
has not been demonstrated for cystectomy for muscle-inva-
sive disease. Studies in muscle-invasive bladder cancer
were limited however by confounding use of GA and lower
incidence of the primary outcome (cancer-specific or over-
all mortality) compared to TURBT studies (primary out-
come recurrence). Few studies in other cancer types have
shown differences in oncological outcomes (rather than
overall survival) with regional anesthesia compared to GA
[42]. The high recurrence rates, short time to recurrence,
and ability to readily perform TURBTSs under regional
anesthesia alone, may support the findings of improved
cancer-specific outcomes in these studies with NMIBC as
compared to other cancer sites.

4. Emerging trials

To date, the results of studies comparing GA and
regional anesthesia have been limited by relatively small
sample size, retrospective nature, and lack of randomization
between experimental groups. However, there are multiple
emerging studies that are attempting to overcome these
limitations, some of which are particularly relevant to the
scope of this review.

Multiple retrospective studies have demonstrated an
association between intraoperative opioid use and
decreased survival in patients with breast, nonsmall-cell
lung, and prostate cancers [6,47,48]. This proposed link is
currently being evaluated in a RCT being conducted in 146
patients undergoing radical prostatectomy (NCT03212456).
The primary objective is to evaluate tumor biochemical
recurrence after radical prostatectomy in patients undergo-
ing opioid anesthesia compared to patients anesthetized
without opioids. Additionally, this study will evaluate the
quality of analgesia between the 2 techniques, patient satis-
faction with perioperative period, quality of anesthetic
recovery, and adverse effects (nausea, vomiting, pruritus,
and drowsiness).

As previously described, inhalational anesthetics are
thought to promote tumor growth through the inhibition of
NK cells, which normally function to inhibit tumor growth
[40]. Meanwhile, the intravenous anesthetic propofol
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purportedly does not reduce NK cell activity nor does it
inhibit cell-mediated immunity [36]. In an attempt to vali-
date this hypothesis, a phase IV RCT is examining the
immunomodulatory effects of volatile and TIV A-propofol
for patients with renal cell cancer (NCT03514550). For this
study, patients that are scheduled for nephrectomy are ran-
domized to receive either TIVA with propofol or inhalation
anesthesia with sevoflurane. The trial’s primary outcome is
the expression of CD16 on NK cells as measured on postop-
erative day 1. This trial will also use flow cytometry based
analysis of lymphocyte populations (CD3+, CD4+, CD8+,
CD16+, CD19+, CD25+, and HLA-DR+) at baseline, end
of surgery, and on postoperative days 1, 3 to 4, and 7 in a
cohort of 20 patients.

There have been 3 recent studies examining the relation-
ship between the anesthetic technique and outcomes after
TURBT [18—20]. However, these studies have been limited
by their lack of specific perioperative medication protocols
and their retrospective nature. To address this, a random-
ized phase II study is evaluating the difference in 2-year
recurrence rate based on the anesthetic method used during
TURBT for NMIBC (NCT03597087). This study will ran-
domize 289 patients into either a spinal anesthesia group or
a GA group in a 1:1 ratio, where the spinal group will
receive intrathecal bupivacaine and the GA group will
receive propofol. Postoperatively, patients will undergo sur-
veillance cystoscopy every 3 months, for 2 years. The pri-
mary outcome will be 2-year recurrence-free survival rate.

5. Conclusions

The perioperative period is a key time during which pro-
motion of cancer metastasis may occur through direct tumor
spillage at the time of surgery, suppression of the antitumor
immune response, and direct stimulatory effects on cancer
cells. Regional anesthesia is thought to improve the
oncoimmunological response through decreased use of vol-
atile anesthetics and opioids, decreased activation of the
surgical stress response, and a direct local anesthetic-medi-
ated anti-inflammatory effect. Current data are limited to
retrospective studies, which lack controlled perioperative
medication protocols and often employ adjunct use of GA,
which may be confounding. The strongest association of
anesthetic type and outcome appears to be that for NMIBC,
as regional anesthesia was associated with lower recurrence
rates and longer time to recurrence [19,20]. Prospective
studies are needed to further investigate the relationship of
anesthesia technique on oncological outcomes. The high
recurrence rates, short time to recurrence, and ability to
readily perform TURBTSs under regional anesthesia alone,
make NMIBC an attractive disease model to evaluate this
association in a prospective manner. There are a number of
RCTs ongoing including trials in NMIBC (NCT03597087),
and it is likely that a positive result could be easily trans-
lated to routine practice and enhance the quality of care for
these patients.
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