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Abstract Surgery/anesthetic technique-stimulated immuno-
suppression in the perioperative period might cause an in-
crease in cancer-related mortality. Whether anesthetic tech-
nique can affect the outcomes of cancer patients remains in-
conclusive. This review discusses data from the available lit-
erature on anesthetic techniques applied in oncologic surgery,
the long-term outcomes of anesthetic technique, and their re-
lation to survival and cancer recurrence. Searches of the
PubMed database up to June 30, 2016, were conducted to
identify publications with the terms “anesthetic technique
and cancer recurrence,” “regional anesthesia and cancer
recurrence,” “local anesthesia and cancer recurrence,”
“anesthetic technique and immunosuppression,” and
“anesthetic technique and oncologic surgery.” Surgery/
anesthesia-stimulated activation of the hypothalamic-
pituitary-adrenal (HPA) axis and the sympathetic nervous sys-
tem (SNS) provides immunosuppression through several sol-
uble factors. Volatile anesthetics and opioids suppress cell-
mediated immunity (CMI) and promote the proliferation of
cancer cells and angiogenesis, whereas propofol does not sup-
press CMI and inhibits tumor angiogenesis. Regional anesthe-
sia (RA) protects CMI and diminishes the surgical neuroen-
docrine stress response by blocking afferent neural transmis-
sion that stimulates the HPA axis and SNS, decreasing the
requirement for opioids and volatile anesthetics and thereby
decreasing cancer recurrence. Preclinical and retrospective
studies highlight a potential benefit of anesthetic technique
in reducing cancer-related mortality and recurrence by
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attenuating immunosuppression following surgical treatment
in patients with specific types of cancer. Several well-planned,
prospective, randomized controlled trials (RCTs) are under-
way that may provide more conclusive and definitive results
regarding the benefits of anesthetic technique on survival in
oncologic surgery.
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1 Introduction

Cancer is a major cause of morbidity and mortality worldwide.
Despite the use of surgery in an attempt to cure the majority of
solid tumors, metastasis from residual cancer cells still remains
a major cause of morbidity and mortality [1]. As is the case
with most cancers, loco-regional recurrence and distant metas-
tases are all too common, even after successful surgical treat-
ment and adjuvant therapy. Cancer metastasis is a complex
process in which cancer cells evade the immune system.
Cancer cells gain the ability to proliferate, migrate, and invade
adjacent tissues, and together with angiogenesis, these capabil-
ities facilitate the successful metastasis of cancer [2].

General anesthesia (GA) and surgical stress during surgery
suppress the immune response by directly affecting the im-
mune system or by activating the hypothalamic-pituitary-
adrenal (HPA) axis and the sympathetic nervous system
(SNS) [3]. Along with surgical stress, blood transfusion, hy-
pothermia, and postoperative pain, anesthetics per se are as-
sociated with immunosuppression during perioperative pe-
riods because anesthetics/analgesics have direct suppressive
effects on cellular and humoral immunity [3, 4]. Surgery/
anesthetic-stimulated immunosuppression, such as the de-
creased activity of natural killer (NK) cells and lymphocytes,
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may induce growth and metastasis of residual cancer cells,
thereby leading to a worse prognosis [5]. Given that volatile
anesthetics have demonstrated a predominantly protumor ef-
fect, while propofol and nonsteroidal anti-inflammatory
agents have mostly antitumor effects, the anti-inflammatory
effects of anesthetics may be beneficial in distinct situations
during the progression of cancer cells [6]. In surgery, a number
of perioperative factors may influence the development of
cancer metastases. For example, the anesthetic technique used
during the perioperative period may affect cancer metastasis
after surgery [7-10].

Regional anesthesia (RA) has been proposed to reduce the
incidence of cancer recurrence by attenuating the neuroendo-
crine stress response during surgery and reducing opioid re-
quirements, thereby diminishing their immunosuppressive ef-
fects, and by providing antitumor and anti-inflammatory effects
directly through systemic local anesthetic action [11].
Increasing numbers of laboratory and animal studies suggest
that analgesics affect the cellular components of cancer as well
as noncancer cells and may influence cancer outcomes by di-
rectly stimulating tumor growth and inhibiting immune surveil-
lance [12, 13]. Opioids cause immunosuppression and stimu-
late cancer cells in vitro; even adjunct analgesics may addition-
ally promote tumor cell growth [9]. These results lead to the
hypothesis that regional analgesic techniques may provide sur-
vival advantages compared with systemic analgesics [14, 15].
Although many retrospective and meta-analyses highlight the
potential benefit of RA, current available data examining the
relationship between regional anesthesia/analgesia and decreas-
ing cancer recurrence do not provide any definitive answers.

In this review, a description of the perioperative period,
current knowledge and evidence for anesthetic technique used
on patient outcome after cancer surgery, and proposed hypoth-
eses from the available literature on the effects of anesthetic
technique on cancer recurrence are presented. To try to unrav-
el controversial findings on exactly how surgery/anesthetic
technique-induced immunosuppression leads to an increase
in cancer-related mortality, the potential role for RA and
propofol in reducing cancer recurrence during the periopera-
tive period is discussed comprehensively. This discussion pro-
vides a hypothesis that may help integrate the significance of
anesthetic technique in oncologic surgery.

2 Perioperative period influencing immune function

In cancer patients, various tumor-derived soluble factors
have established an immunosuppressive tumor microenvi-
ronment to facilitate tumor progression and metastasis by
helping tumors to evade immune surveillance from cell-
mediated immunity (CMI) [16]. Under these conditions,
the perioperative period is critical in influencing long-term
outcomes from primary surgery for cancer patients. Various
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factors influence whether residual cancer cells or preexisting
micrometastases become able to initiate new metastases or
are eliminated by the immune system [17—19]. In the peri-
operative period, factors influencing immune function and
tumor metastasis are represented by the surgery per se and
the anesthetic/analgesic technique and/or agents used [19].
Both surgery and anesthetic/analgesic agents stimulate the
HPA axis and SNS during the perioperative period. This
neuroendocrine paracrine response leads to systemic in-
crease in several immunosuppressive soluble factors, includ-
ing catecholamines, prostaglandins, glucocorticoids, and opi-
oids. These, in turn, lead to the suppression of NK cells and
cytotoxic T lymphocytes (CTLs), in association with a de-
crease in interleukin-12 (IL-12), tumor necrosis factor-o
(TNF-), and interferon-y (IFN-y), thereby shifting the cy-
tokine balance of T-helper 1 (Thl)/T-helper 2 (Th2) toward
anti-CMI Th2 dominance [20]. Catecholamines induce in-
creases in angiogenic factors, such as vascular endothelial
growth factor (VEGF) and matrix metalloproteinase 2 and 9
(MMP 2/9) [21, 22], and proinflammatory cytokines, such
as IL-6 and IL-8 [23, 24]. Anti-inflammatory cytokines,
such as IL-10, IL-4, and transforming growth factor-f3
(TGF-f3), are also induced in response to a dysregulated
balance of the proinflammatory/anti-inflammatory and Thl/
Th2 cytokines [25]. Th2 cytokines lead to the accumulation
of arginase-1-expressing myeloid-derived suppressor cells
(MDSCs) in lymphoid tissue that cause an arginine-
deficient environment, resulting in impairment of lympho-
cyte function in response to the synergistic effect of prosta-
glandin E, (PGE,) [26]. Tumor-derived PGE, induces
MDSCs and tumor-associated macrophages (TAM, M2 phe-
notype), which leads to an immunosuppressive environment
and a proinflammatory response that contributes to tumor
angiogenesis [27, 28]. In fact, tumor-derived MDSCs inhibit
NK cell activity through the production of TGF-f3, suggest-
ing that PGE, plays an important role in inducing MDSCs
[29]. Thus, surgery/anesthesia-stimulated stress and immu-
nosuppression are involved in tumor progression and the
metastatic process (Fig. 1). The suppression of the immune
system occurs within few hours during surgery and con-
tinues for several days, which could be in proportion to
the extent of surgical treatment. Since the immune system
protects from cancer as well as from infection, a surgical
stress response impairs the antimetastatic CMI, thereby in-
creasing the opportunity of dissemination and metastasis of
cancer cells in cancer surgery. Perioperative periods may
provide the best chance for residual cancer cells to spread
through the immunosuppressive effect of anesthetic agents
and so affect long-term recurrence rates. Although immune
perturbations may be induced by a preoperative psycholog-
ical stress response following a cancer diagnosis, the actual
perioperative period can be divided into three parts: a pre-
operative period made up of a few preoperative hours, an
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Fig. 1 A potential cascade showing how surgery/anesthesia-stimulated
immunosuppression drives tumor progression and metastasis during the
perioperative period. In the presence of tumor-derived soluble factors,
surgery/anesthesia-stimulated immunosuppression through the HPA axis
and SNS can increase various soluble factors that lead to tumor progres-
sion and metastasis. An increase in various soluble factors is exploited for
proinflammatory and anti-inflammatory responses in tumor angiogenesis
and immunosuppressive microenvironments to escape tumor immune
surveillance. In these processes, two key molecules, catecholamine and

intraoperative period, and a postoperative period consisting
of several postoperative days after surgical treatment.

3 The angiogenic and metastatic cascades in tumor
progression

Given that most anesthetic agents suppress immune function,
which might be associated with tumor growth and an increase
of metastasis through angiogenesis, and that surgical manipu-
lation per se might stimulate tumor growth and metastasis, a
potential mechanism by which perioperative factors induce tu-
mor angiogenesis has been described. Metastasis is character-
ized by the colonization of cancer cells from the primary site to
distant sites. Tumor invasion occurs as part of the tumor-host
interaction, where tumor cells and stromal cells, such as cancer-
associated fibroblasts (CAFs) and TAMs, exchange cytokines
that remodel the local extracellular matrix, stimulate migration,
and promote proliferation and survival (Fig. 2). In the process
of metastasis, primary tumor cells survive through several steps

PGE,, may play crucial roles in immunosuppression and angiogenesis,
which was mediated via the induction of TAMs, TGF-f3, VEGF, MDSCs,
and Tregs. HPA hypothalamic-pituitary-adrenal, SNS sympathetic ner-
vous system, CM/ cell-mediated immunity, NK natural killer, CTLs cyto-
toxic T lymphocytes, MDSCs myeloid-derived suppressor cells, TAMs
tumor-associated macrophages, Tregs regulatory T cells, PGE, prosta-
glandin E,, VEGF vascular endothelial growth factor, /L interleukin,
TGF-f3 transforming growth factor-3, 7/ T-helper, TNF-a tumor necrosis
factor-«, IFN- interferon-y, MMP matrix metalloproteinase

of the metastatic cascade [30]. Firstly, cancer cells escape from
an antitumor immune response mediated by killer cells, such as
NK cells and CTLs, and produce systemic factors that establish
an environment that promotes metastasis at the proceeding
metastatic site (premetastatic niche). Secondly, tumor cells also
change the microenvironment of the primary site to increase
blood vessel density (angiogenesis). This process enhances tu-
mor cell leakage from the primary site to the surrounding stro-
ma by invasion, resulting in penetration (intravasation) into
blood and/or lymphatic vessels, which allows them to circulate
and spread. Thirdly, circulating tumor cells (CTCs) and arrested
tumor cells escape from the blood vessel or lymphatic circula-
tion (extravasation). Finally, formation of colonization and an-
giogenesis in a metastatic tumor proceeds. Once metastatic
tumor cells reach the target organ, angiogenesis is required
for growing the metastatic tumor. Angiogenesis occurs in sev-
eral steps, including the release of angiogenic factors and pro-
teolytic enzymes to degrade the basement membrane of the
capillary vessels, endothelial proliferation and migration, for-
mation of microvessels, and their differentiation [31].

@ Springer



162

Cancer Metastasis Rev (2017) 36:159-177

Dormant metastasis
Preexisting micrometastasis

Blood vessel

Cytokines/chemokines

@

S 1 cell
tromal cells
(CAFs etc.) &

Immunosuppressive
tumor microenvironment

«% <— Distant metastasis

@ Immune effector cells
(CD8+ T cells/NK cells )

@

MDSCs/TAMs/Tregs

Downregulation of CMI
A

Soluble factors (PGE,, VEGF etc.) ——————— > Immunosuppressive network

!

Surgery/anesthesia-stimulated HPA axis and SNS

Fig. 2 A schematic representation of the metastatic process from the
primary lesion to distant metastatic sites in the tumor
microenvironment. Tumor invasion occurs within a tumor-host immune
balance in the tumor microenvironment, which leads to the formation of
microvessels and lymphatics through the interaction of tumor cells and
stromal cells, such as CAFs. This process is mediated by exchanged
cytokines and chemokines that remodel the local extracellular matrix,
stimulate migration, and promote proliferation and survival.
Subsequently, invading tumor cells are released as CTCs to regional
lymph nodes or blood vessels to grow as metastases. Some metastatic
tumors remain as dormant metastases or as preexisting micrometastases.
In this process, most CTCs are killed by immune effector cells, and only
those that evade immune surveillance undergo clonal expansion and form
metastatic lesions. CD8+ T cells restrict the metastatic outgrowth of

In the clinic, cancer metastasis can be categorized as the
following three types. Firstly, despite metastasis not being de-
tected at the initial diagnosis, it develops within few or several
years after the surgical resection. Secondly, metastasis is detect-
ed simultaneously with the primary lesion at diagnosis. Thirdly,
only the metastatic lesion is detected at diagnosis. In most
clinical situations experienced in cancer patients, metastasis
occurring for several years after surgery is considered as dor-
mant metastasis, which is a poorly understandable phenome-
non with a quiescent state. In turn, the clinically asymptomatic
disease remains in an undetectable state for years, only to come
out as relapse. The dormant state of the metastatic tumor can be
explained in two possible ways. One is a lack of angiogenic
ability in dormant tumors. The other is immunological equilib-
rium between the tumor and the host immune response, which
prevents growth of tumors in the microenvironment. Since
neuroendocrine mediators regulate the biology of tumor pro-
gression, which may lead to reactivation of dormant tumor cells
through stimulation of angiogenesis by endogenous mediators,
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cancer cells disseminated from the primary tumor. The innate immune
system, in the form of NK cells, is thought to be important in immune
surveillance, protecting from metastasis during intravascular tumor
seeding that occurs during surgery. Under these conditions, various
tumor-derived soluble factors, such as PGE, and VEGF, are induced by
surgery/anesthesia through the activation of the HPA axis and SNS, there-
by establishing an immunosuppressive tumor microenvironment to facil-
itate growing metastatic lesions. CTCs circulating tumor cells, NK natural
killer, CAF’s cancer-associated fibroblasts, RLN regional lymph node,
HPA hypothalamic-pituitary-adrenal, SNS sympathetic nervous system,
CMI cell-mediated immunity, MDSCs myeloid-derived suppressor cells,
TAMs tumor-associated macrophages, Tregs regulatory T cells, PGE,
prostaglandin E,, VEGF vascular endothelial growth factor

the neuroendocrine dynamics of the HPA axis and SNS may be
involved in the loss of tumor dormancy [32]. Since microscopic
metastases can remain in a dormant state for a long time, reac-
tivation of dormant cells to promote tumor growth depends on
sequential steps, such as switching to the angiogenic pheno-
type, which is required for the initial recruitment of new vessel
formation. To grow in size and gain metastatic potential, tumors
need to make a switch to angiogenesis through disrupting the
balance of proangiogenic and antiangiogenic factors in the tu-
mor microenvironment [33].

4 Retrospective analyses of the effect of regional
anesthesia/analgesia in surgery on cancer recurrence
4.1 Breast and ovarian cancer

A number of laboratory studies have shown that immunosup-
pression induced by several perioperative factors may



Cancer Metastasis Rev (2017) 36:159-177

163

influence the clinical outcomes of patients having cancer sur-
gery. Paravertebral anesthesia/block (PVA/PVB) may attenu-
ate perioperative factors that promote tumor growth and me-
tastasis. Five retrospective analyses described the effect of RA
in breast surgery on cancer recurrence (Table 1). The first
study noted in 2006 that PVA reduced the risk of cancer re-
currence or metastasis by approximately one fourth during the
follow-up period compared with opioid analgesia and that
cancer recurrence after breast cancer surgery was lower with
the use of RA than with GA/opioid analgesia [34]. Although
one study indicated that the use of RA had a potential benefit
in the reduction of breast cancer recurrence [35], another three
studies showed no association between anesthesia type and
cancer recurrence [36—38], although the overall rate of recur-
rence in one study was very small [37]. In the case of ovarian
cancer and the effect of RA on cancer recurrence, five studies
have been reported, including two with positive results, two
showing a potential survival benefit of supplemented epidural
anesthesia (EP), and one negative result (Table 1). The first
study, performed in 2011, showed that EP/analgesia for ovar-
ian cancer surgery may increase in the 3- and 5-year overall
survival (OS) [39]. Subsequently, another study indicated that
an intraoperative epidural significantly reduced the risk of
cancer recurrence, although no effect was found when it was
used only postoperatively or without EP [40]. Intraoperative
use of EP significantly reduced the tumor recurrence risk after
surgery, possibly due to the preservation of the immune sys-
tem in ovarian cancer patients. Further, a potential benefit for
the epidural group was reported in two studies: One study
noted no significant difference in OS between the epidural
and no epidural groups, but an EP was favored for disease-
free survival (DFS) [41]. The other study showed a limited
additional benefit on DFS in patients who received postoper-
ative epidural analgesia for more than 48 h [42]. Another
study using a prospective clinical registry noted that after pro-
pensity scoring matching and weighting, there was no clinical
benefit in OS or time to recurrence in patients who received
EP and/or analgesia in ovarian cancer surgery [43].

4.2 Digestive cancer

Based on the hypothesis that long-term outcomes would be
improved by supplemented EP/analgesia during surgery,
which may attenuate the immunosuppressive effect of surgery
and enhance tumor immune surveillance, eight studies of co-
lorectal cancer have been reported (Table 2). The first study in
colon cancer, in 2008, noted a significantly improved survival
in the supplemented EP/GA group compared with those re-
ceiving GA/opioid anesthesia in an early follow-up period
[44]. Similarly, two studies reported a survival benefit from
EP/analgesia supplementation [45, 46]. A study of patients
with liver metastasis showed a potential survival benefit in
supplemented perioperative EP [47]. Three studies also

showed the potential survival benefit of EP/analgesia during
surgery [48—50]. A potential survival benefit in older patients
was reported in one study [50]. In contrast, another study
noted negative results for EP/analgesia supplementation in
laparoscopic colorectal resection, using a prospective database
[51]. Another large cohort study reported the potential surviv-
al benefit of epidural supplementation in open colectomy.
However, adjusting for covariates, including blood transfu-
sion, the supplemented EP did not reduce cancer recurrence
[49]. Regarding other intestinal cancers, three studies have
reported positive results, while three studies show negative
results for a survival benefit in epidural supplementation. A
study on larynx or hypopharynx cancers reported that supple-
mentation of perioperative cervical EP compared with postop-
erative morphine increased cancer-free survival and OS in a
single-center study [52]. Similarly, supplementation of periop-
erative EP also improved survival in pancreatic cancer [53]. In
addition, the use of postoperative epidural analgesia increased
the time to cancer recurrence and OS in gastro-esophageal
cancer [54]. However, postoperative EP with morphine in-
creased cancer recurrence and death in comparison with post-
operative intravenous analgesia with fentanyl in patients un-
dergoing surgical resection of hepatocellular carcinoma, sug-
gesting an unfavorable effect of morphine on cancer recur-
rence, even via the epidural route [55]. In addition, supple-
mented perioperative EP and/or analgesia for gastric cancer
and epidural analgesia for esophageal cancer did not affect
recurrence or survival [56, 57].

4.3 Prostate, bladder, and other cancers

In the case of prostate cancer, 11 studies have reported
on the effects of EP/analgesia supplementation during
surgical resection on long-term postoperative survival,
including two positive results, one potential benefit of
supplemented EP, and eight negative results (Table 3).
The first study noted a positive result in 2008, showing
that the GA/EP group had a reduced risk of cancer re-
currence in comparison with the GA/opioid group [58].
A similar potential association between EP and cancer
recurrence was reported using propensity matching for
EP vs. GA, suggesting that open prostatectomy with
GA accompanied by epidural analgesia with postopera-
tive opioids was associated with a substantial reduction
in the risk of clinical cancer progression [59]. However,
several subsequent studies showed contradictory results
[60-68]. Among these, one study noted that intraopera-
tive administration of sufentanil was associated with an
increase in the risk of cancer recurrence after radical
prostatectomy [61]. In the case of bladder cancer, one
study reported a negative result, while another showed
the potential benefit of supplemented RA in reducing
the risk of cancer recurrence [69, 70].
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Table 2 Retrospective analyses of regional anesthesia/analgesia in surgery on cancer recurrence
Cancer type Surgery type (analyzed pts)  Anesthetic technique Outcome Benefit/remarks Ref.
(published year)
Colon cancer (2008) Open colectomy (7 = 177) GA/EP/analgesia (n = 85) Improved survival in the Potential benefit in early [44]
Stage 01V vs.GA/opioid analgesia epidural group without F/u period/RCT F/u
(n=95) metastases before
1.46 years
Colon cancer(2010) Open colectomy (n = 509) GA/EP (n = 256) vs. No difference in cancer Potential benefitin older [50]
Stage 01V GA/opioid anesthesia recurrence except in pts pts
(n =253) >64 years, 1.8 years F/u
Colorectal cancer Open colorectal resection EP/fentanyl or morphine A reduction in all-cause Potential benefit in [48]
(2011) (n = 655) (n = 562) vs. morphine mortality in rectal cancer  rectal cancer
Stage 0111 PCA (n=93)
Colorectal cancer Laparoscopic colorectal Epidural (n = 107), spinal No difference in OS or DFS  Negative/RCT, [51]
(2012) resection (n = 424) block (n = 144) vs. at 5 years secondary analyses
Stage 01V morphine PCA (n = 173)
for primary postoperative
analgesia
Colorectal cancer Open colectomy (n = 42,151, Perioperative EP (n = 9670)  Improved survival Potential benefit/large  [49]
(2012) 66 years or older) vs. non-EP (n = 32,481) cohort study
Stage I-111
Colorectal cancer Colorectal cancer surgery GAJ/EP (n =442) vs.GA A survival benefit Positive [45]
(2013) (n=749) (n=307)
Stage 0-IV
Colorectal cancer Colorectal cancer surgery GAJ/EP (n =399) vs. GA A better overall survival Positive/a single-center  [46]
(2015) (n=1588) (n=189) study
Stage I-1V
Colorectal liver Hepatic resection (n = 510)  Perioperative EP (n = 390) vs. Improved RFS Potential benefit [47]
metastases (2015) intravenous analgesia
(n=120)
Larynx or hypopharynx Larynx or hypopharynx GA/intraoperative and An increase in cancer-free  Positive/a single-center  [52]
cancer (2013) cancer surgery (n =271) postoperative cervical EP survival and OS study
Stage [-1V (n=111)
vs.GA/postoperative
morphine (n = 160)
Gastric cancer (2014) Gastric cancer resection GA/EP and/or analgesia No difference in recurrence Negative [56]
66 years or older (n=2745) (n = 766) vs.GA/traditional or survival
with no metastasis pain management
(n=1979)
Gastro-esophageal Gastro-esophageal cancer GA/EP (n =97) vs.GA Increased time to cancer Positive [54]
cancer (2014) surgery (n = 140) (n=43) recurrence and OS
Stage I-111 benefit in postoperative
epidural analgesia
Esophageal cancer Abdominal-right-thoracic GA/epidural analgesia No differences in cancer Negative [57]
(2015) esophagectomy (n = 153) (n=118) vs.GA (n = 35) recurrence, 1-year
Stage 01V mortality, or 5-year sur-
vival
Pancreatic cancer Surgical resection (n = 144)  GA/perioperative EP and/or ~ Improved survival Positive [53]
(2015) intraoperative
Stage -1V dexamethasone (n = 69)
vs.GA (n=75)
Hepatocellular Hepatic resection (n = 819)  Postoperative epidural Higher rates of recurrence  Negative [55]
carcinoma (2014) analgesia with morphine of cancer and death in the
Stage -1V (EA) (n =451) vs. EA group

postoperative IV analgesia
with fentanyl (IA)
(n=368)

GA general anesthesia, EP epidural anesthesia, PCA patient-controlled anesthesia, /V intravenous, OS overall survival, DFS disease-free survival, RFS
recurrence-free survival, Pts patients, F/u follow-up, RCT randomized controlled trial

In other cancers, one study after nonsmall cell lung cancer
(NSCLC) surgery noted that the type of postoperative

analgesia, including intravenous, patient-controlled anesthesia
vs. patient-controlled EP vs. a combination of these after
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Table 3  Retrospective analyses of regional anesthesia/analgesia in surgery on cancer recurrence

Cancer type Surgery type (analyzed pts)  Anesthetic technique Outcome Benefit/remarks Ref.
(published year)
Prostate cancer Radical prostatectomy GA/EP (n=102) vs. 57% reduction in cancer Positive [58]
(2008) (n=225) GA/opioid anesthesia recurrence
(n=123)
Prostate cancer Radical prostatectomy GAV/EP (n=103) vs. An increase in clinical Potential benefit [59]
(2010) (n=261) GA/ketorolac-morphine PRS, but not BRFS,
pT14 anesthesia (n = 158) cancer-specific
survival, or OS
Prostate cancer Radical prostatectomy GAJ/EP (n =49) vs.GA No difference in DFS at Negative/RCT, [60]
(2010) (n=99) (n=50) 4.5 years F/u secondary analysis
pT1-2
Prostate cancer Radical prostatectomy EP (n = 578),ketorolac No association between Negative [61]
(2011) (n=1111) (n = 278), sufentanil the type of analgesia
pT14 (n =1078), clonidine and cancer relapse
(n = 278), ketamine An increased risk of
(n=178) cancer relapse by
intraoperative
sufentanil
Prostate cancer Radical prostatectomy GA/intraoperative and No reduction of therisk of ~ Negative/a single-center ~ [62]
(2013) (n=148) postoperative EP cancer progression or study
pT3-4 (n=067) improvement in
vs.GA/postoperative survival
ketorolac-morphine
analgesia(n = 81)
Prostate cancer Radical prostatectomy EP/fentanyl analgesia No improvement in Negative/matched [63]
(2014) n=972) (n =486) vs. oncological outcomes cohort
pT2—4 GA/systemic opioids
(n =4806)
Prostate cancer Radical prostatectomy GA/SA (n =3047) vs. GA No difference for BRFS, Negative/matched [64]
(2014) (n=4772) (n=1725) metastasis-free survival cohort
pT2-3 and OS
Prostate cancer Radical prostatectomy GA/neuraxial analgesia An increased risk for Positive/matched cohort  [65]
(2014) (n =3284)) (n=1642) vs. GA systemic progression
pT2-3 (n=1642) and higher overall
mortality in GA only
Prostate cancer Radical prostatectomy SA with sedation No effect of the type of Negative [66]
(2014) (n=1964) (n=1166) vs. GA anesthetic on the risk of
pT1-3 (n=798) biochemical recurrence
Prostate cancer Radical prostatectomy SA (n =264) vs. GA No association between Negative/cohort study [67]
(2014) (n=929) (n =665) anesthesia technique
and disease recurrence
Prostate cancer Radical prostatectomy Epidural analgesia No difference in Negative [68]
(2014) (n=300) (n = 192) vs. systemic recurrence-free or
opioids (n = 108) for overall survival
postoperative pain
management
Bladder cancer Transurethral resection GA/SA or EP (n = 24)vs. A higher 5-year survival Potential benefit [69]
(2016) (n=161) GA (n=137) through partial correla-
Stage I-11 tion analysis
Bladder cancer Radical cystectomy GA/SA (195) vs. GA No difference in all-cause ~ Negative/matched [70]
(2016) (n=390) (n=195) mortality, bladder can- cohort
pT1-+4 cer mortality, or cancer
recurrence even with
the opioid-sparing ef-
fect of SA
Nonsmall cell lung Tumor resection surgery PCEA (n=343) vs. No difference in RFS or Negative [71]
cancer (2014) (n = 445) intravenous PCA OS by the type of
Stage I-111 (n =23) vs. their postoperative analgesia
combination (n = 79)
Abdominal organ Major abdominal surgery GAV/EP (n =230) vs. No difference in Negative/RCT, post hoc  [73]

011)
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(n = 446)

GA/systemic opioid an-
esthesia (n = 216)

cancer-free survival

analysis
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Table 3 (continued)

Cancer type Surgery type (analyzed pts)  Anesthetic technique Outcome Benefit/remarks Ref.
(published year)
Abdominal organ Major abdominal surgery GA/postoperative EP No difference in RFS and ~ Potential [74]
(2013) (n=132) (n = 69) vs. GA/fentanyl OS at 5 years benefit/prospective
followed by morphine Survival benefit of OS design, secondary
anesthesia(SC) (n = 63) (EP/SC) after 5, 6, and analysis
8 years
Cutaneous melanoma  Primary excision LA (n=2185) vs.GA A decrease in the survival ~ Positive [75]
(2000) (n=4321) (n=2136) rate in GA
Malignant melanoma  Lymph node dissection SA (n =52) vs. GA A trend toward a better Potential benefit [76]
(2012) (n=273) (sevoflurane/sufentanil: survival rate

n=118 or
propofol/remifentanil:
n=103)

GA general anesthesia, EP epidural anesthesia, SA spinal anesthesia, RA regional anesthesia, PCEA patient-controlled epidural anesthesia, PCA patient-
controlled anesthesia, LA local anesthesia, PRS progression-free survival, BRFS biochemical recurrence-free survival, OS overall survival, RFS

recurrence-free survival, Pts patients, F/u follow-up, RCT randomized controlled trial

surgery, was not associated with better recurrence-free surviv-
al (RFS) or OS rates [71]. Of note, however, in a retrospective
analysis regarding whether opioid-avoiding anesthetic tech-
niques might be associated with increase in cancer RFS, a
higher recurrence rate of NSCLC within 5 years was reported
in patients who were administered increased doses of opioids
for the first 96 h after surgery [72]. In the case of abdominal
cancer, one study reported a negative result and another a
trend toward a survival benefit for EP. The first study compar-
ing the recurrence and survival of patients undergoing major
abdominal surgery for cancer noted that supplemented EP was
not associated with reduced cancer-free survival [73]. This
was a prospective RCT trial with a long-term follow-up study
in which patients were randomly allocated to have GA with or
without EP for at least three postoperative days. The other
study was a retrospective analysis using a prospective ran-
domized study comparing two postoperative techniques of
analgesia: GA with bupivacaine thoracic EP and GA with
fentanyl followed by continuous subcutaneous (SC) morphine
[74]. Although the analgesia type was not a significant predic-
tive factor for RFS after 5 years, the anesthesia effect changed
moderately over the follow-up period. The hazard ratio for OS
(EP/SC morphine) reached statistical significance after 5, 6,
and 8 years, suggesting that the duration of follow-up may
impact the analgesia’s effect on survival [74]. In the case of
malignant melanoma, two studies were noted, including a
positive result and a potential benefit of local anesthesia.
One study in 2000 reported that GA for the primary excision
of cutaneous melanoma was associated with a decrease in the
survival rate compared with local anesthesia, indicating an
increased risk of death for melanoma patients treated with
GA [75]. A potential benefit of local anesthesia was also re-
ported when spinal anesthesia (SA) or GA for inguinal lymph
node dissection after primary malignant melanoma was com-
pared; a trend toward a better cumulative survival rate for

patients who underwent SA was observed and confirmed by
further analysis comparing the use of SA with a patient sub-
group treated with balanced, volatile GA [76].

5 Meta-analyses of the effect of anesthetic technique
in surgery on cancer recurrence

In order to clarify the hypothesis that patients undergoing
cancer surgery with RA would achieve a better outcome
for RFS and OS compared with those who received GA,
seven meta-analyses have been reported comparing GA/
RA and GA (Table 4). Six of seven studies indicated a
potential survival benefit of supplemented RA in patients
who underwent surgery, while one study reported nega-
tive results. A meta-analysis of 14 studies, including 18
substudies, of human cancers undergoing surgery noted a
benefit in OS in favor of EP compared with GA alone,
and a significant positive association between EP and in-
creased OS was found in colorectal cancer [77]. However,
a significant relationship between EP and RFS was not
found, suggesting that EP and/or analgesia might be asso-
ciated with improved OS in operable cancer patients hav-
ing surgery, in particular in colorectal cancer, but is not
associated with cancer control. The second report from
four secondary data analyses of prospective RCTs of pa-
tients undergoing resection of their primary abdominal
cancer tumors, including prostate and colon cancers, not-
ed no advantage for either GA/EP or GA in terms of OS
and progression-free survival [78]. In another analysis of
10 studies, despite the overall results showing no signifi-
cant difference between the GA/EP and GA groups in
postoperative recurrence and metastasis rates, overall re-
sults from four studies of prostate cancer patients sug-
gested that GA/EP was associated with an obvious
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Table 4 Meta-analysis of regional anesthesia/analgesia and retrospective analyses of propofol or volatile anesthesia in surgery on cancer recurrence

Cancer type (published year)  Surgery type (analyzed pts) ~Anesthetic technique Outcome Benefit/remarks Ref.
Human cancers (2013) Operable cancer GA/EP vs.GA A potential association Potential benefit/14 [77]
undergoing surgery between EP/analgesia and studies
(n = approximately improved OS, especially in
47,000) colorectal cancer
Human cancers (2014) Resection of primary GA/EP/analgesia vs.GA A slightly favorable outcome  Negative/4 studies [78]
malignant tumors for time to tumor
(n=746) progression in the GA alone
Human cancers (2014) Undergoing surgery GAJ/EP vs. GA A decrease in recurrence or Potential benefit/10 [79]
(n=3254) metastasis in prostate studies
cancer and in the group
with F/u less than or equal
to 2 years
Human cancers (2015) Oncologic surgery GA/RA vs.GA A potential association Potential benefit/20 [80]
(n =2369) between perioperative RA studies
and improved OS, but not
reduced cancer recurrence
Colorectal cancer (2015) Open colorectal resection GA/EP vs.GA An improved OS and reduced Potential benefit/6 [81]
all-cause of death in sup- studies
plemented EP, but not for
RFS
Prostate cancer (2015) Radical prostatectomy Neuraxial A potential association Potential benefit/10 [82]
(n =13,765) anesthesia/analgesia/- between regional analgesia studies
GA vs.GA and improved OS
Human cancers (2016) Cancer surgery Neuraxial anesthesia A potential association Potential benefit/21 [83]
(n = approximately with or without GA between neuraxial studies
15,160) vs. GA anesthesia and improved
OS and RFS, specifically,
in colorectal cancer
Breast, colon, or rectal Radical cancer surgery Propofol anesthesia A favorable overall 1-and 5-  Potential benefit [84]
cancers (2014) (n =2838) (n=903) vs. -year survival rates in
sevoflurane propofol for all three sites
anesthesia (n = 1935)
Breast cancer (2016) Modified radical Propofol-based TIVA A lower rate of cancer Potential benefit [85]
mastectomy (n = 325) (n=173) vs. recurrence in propofol
sevoflurane-based group compared with
anesthesia (n = 152) sevoflurane group
Human cancers (2016) Elective surgery (n = 7030)  Propofol/remifentanil Approximately 50% reduction  Positive [86]
(n=3714) vs. of mortality in IV anesthesia

sevoflurane or
isoflurane (n = 3316)

compared with volatile
anesthesia

An association between type
of anesthetic delivered and
survival

GA general anesthesia, EP epidural anesthesia, RA regional anesthesia, OS overall survival, RFS recurrence-free survival, BRFS biochemical recurrence-
free survival, F/u follow-up, T7VA total intravenous anesthesia, /V intravenous, Pts patients

decrease in recurrence or metastasis of prostate cancer
compared with GA alone [79]. In addition, in an investi-
gation of the short-term effect of anesthesia on survival,
pooled data demonstrated that GA/EP significantly re-
duced cancer recurrence or metastasis over a less than 2-
year follow-up compared with GA alone [79]. These re-
sults suggested that combined GA/EP may be associated
with an improved prognosis of cancer patients undergoing
surgical treatment, even with a cautious interpretation of
the heterogeneous data used for the analysis. Another

@ Springer

recent analysis of 20 studies evaluating the effects of sup-
plemented RA on cancer recurrence and survival after
cancer surgery noted that, while the use of perioperative
RA was not associated with reduced cancer recurrence, it
was associated with increased OS, suggesting that RA
may improve OS after cancer surgery [80]. Similarly, an-
other report from six studies of colorectal cancer noted
that supplemented EP was associated with a significantly
longer OS compared with no EP, but not with prolonged
RFS, suggesting a survival benefit of improved OS and
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reduced all-cause mortality [81]. Another report analyzing
10 studies of prostate cancer testing whether the use of a
neuraxial anesthetic technique is associated with better
long-term outcome after surgical resection noted that the
anesthetic technique did not increase biochemical
recurrence-free survival; however, the use of regional an-
algesia appeared to improve OS [82]. A very recent report
including 21 studies in a comparison of neuraxial anes-
thesia, with or without GA, vs. GA only noted a potential
association between neuraxial anesthesia and improved
OS and RFS compared with GA in cancer surgery, spe-
cifically in colorectal cancer, supporting a potential asso-
ciation between neuraxial anesthetic technique and a risk
reduction of cancer recurrence [83].

6 Retrospective analyses of propofol or volatile
anesthesia and cancer recurrence in surgery

Inhalational anesthetic agents such as sevoflurane have a pro-
inflammatory effect, while the intravenous anesthetic agent,
propofol, which is hypnotic, has an anti-inflammatory and
antioxidative effect. Three studies reported a potential rela-
tionship between patient survival and the use of volatile or
propofol anesthesia after cancer surgery, including two show-
ing a potential benefit and one a positive result for propofol
(Table 4). A previous study noted that overall 1- and 5-year
survival rates for breast, colon, or rectal cancers, combined,
were in favor of propofol compared with sevoflurane, suggest-
ing that propofol anesthesia may be superior to volatile anes-
thesia for some types of cancer in surgical treatment [84].
Another study examining the potential association between
propofol anesthesia and cancer recurrence or OS in patients
receiving modified radical mastectomy noted that, despite the
administration of opioid analgesia during the perioperative
period, the propofol group had a reduced cancer recurrence
compared with the sevoflurane group [85]. This study sug-
gested that propofol anesthesia may reduce the risk of cancer
recurrence during the first 5 years after mastectomy. Further, a
large retrospective analysis investigating the potential rela-
tionship between anesthetic technique and long-term outcome
in patients receiving surgical treatment in solid tumors noted
that mortality was approximately 50% greater with volatile
than with propofol anesthesia, demonstrating a relationship
between the type of anesthetic technique and patient survival
in cancer surgery [86]. Of interest, in a multivariate analysis
according to surgical specialty, survival for patients undergo-
ing gastrointestinal surgery with volatile inhalational anesthe-
sia was significantly worse than that for the propofol group
[86]. These studies suggest that the use of volatile inhalational
agents in anesthesia may augment cancer cell growth, whereas
propofol may have a protective effect from cancer cell growth
after oncologic surgery.

7 Limited interpretation for retrospective analysis
of regional anesthesia/analgesia and cancer
recurrence in surgery

The anesthetic technique might influence patient outcome in
cancer surgery due to the diversity of effects on immunosup-
pression, angiogenesis, and dissemination of residual tumor
cells. Although supplemented RA may reduce immunosup-
pression and thereby improve survival, contradictory results
of retrospective analyses, including meta-analyses, of various
types of cancer have been published since the year 2000. In
fact, the potential survival benefit of supplemented RA to
improve OS and cancer recurrence still remains to be proven.
While several positive results and potential benefits for the use
of supplemented RA have been reported, the evidence is lim-
ited and requires cautious interpretation, since some of these
data are indirect and inconsistent and may risk bias within or
across studies in the analyses. Differential results of previous
clinical studies may be due to several confounding variables,
such as the use of a different histological grading, presence or
absence of radiotherapy and chemotherapy, a different radical
surgery grade, and the presence of perioperative anemia, a
blood transfusion, or hypothermia. In addition, heterogeneous
populations in the analyses undertook different anesthetic
techniques, including the use of perioperative, intraoperative,
and/or postoperative RA, with or without GA, and with or
without opioids or the use of different opioids or different
volatile anesthetics, and so on. Thus, the benefit of supple-
mented RA on survival and cancer recurrence may be masked
by the influence of other confounding factors in comparisons
between studies. Furthermore, there are methodological prob-
lems, such as a small sample size for a potential positive effect,
including patient heterogeneity, surgical procedures in a series
of studies, and the difficulty of isolating an influence from the
multifactorial perioperative environment. In addition, epidural
limitations may exist due to the lack of strong evidence for the
supplementation of RA to reduce cancer recurrence and/or
risk of metastasis, the limited availability of RCTs, and epidu-
ral utilization and effectiveness that is difficult to assess in the
intraoperative period. Based on laboratory and animal studies
on the differential effect of anesthetic technique/agent on im-
munosuppression and tumor development, the influence of
anesthetics needs to be assessed by a direct effect in the anal-
ysis, even in the presence of diverse effects for an anesthetic
agent or a differential effect dependent on cancer type.
Nevertheless, a retrospective analysis would yield a limited
interpretation of a direct effect due to several biases; rather,
it is a beneficial tool for exploring which factor tended to be
associated with survival benefit. Since the benefits of RA in
reducing cancer recurrence in certain cancers may have a
sound theoretical basis, prospective RCTs are needed to eval-
uate any effect of anesthetic technique on metastasis in various
types of cancer.
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8 Ongoing prospective randomized controlled trials
of anesthetic technique and cancer recurrence

Currently, seven prospective RCTs on anesthetic technique in
the recurrence of breast, colorectal, and lung cancers and of
malignant melanoma are ongoing (Table 5). The first trial in
breast cancer surgery was designed and commenced in
January 2007, based on the finding that PVA reduced the risk
of cancer recurrence or metastasis in breast cancer surgery
[87]. In this multicenter trial, stage I-III breast cancer patients
undergoing mastectomy or lumpectomy with axillary node
dissection are randomly allocated to EP or PVA/analgesia, or
GA/morphine analgesia. Patients will be followed for up to
10 years after surgery to evaluate cancer recurrence and me-
tastasis. Despite the fact that the first trial assessing the rela-
tionship between anesthetic technique and cancer recurrence
commenced in 2007, the results have not been published, and
recruitment to the trial continues. The main reason for the
delay in trial completion and publication is that the number
of patients needed for trials with time-to-event outcomes de-
pends on the number of outcome events, recurrences in this
case, rather than enrollment. There have been fewer recur-
rences than anticipated, and enrollment thus continues (per-
sonal communication, Daniel I. Sessler). Subsequently, anoth-
er trial for colorectal cancer was designed and commenced in
December 2007, comparing recurrence rates in patients who
are randomly allocated to GA/EP/analgesia or GA/opioid an-
algesia. The patients will be followed for up to 5 years after
surgery to evaluate whether local recurrence/metastatic cancer
after open and laparoscopic resection of colon cancer is lower
in patients randomized to EP/analgesia than to sevoflurane
GA/postoperative opioid analgesia. Another trial for lung can-
cer surgery commenced in August 2010 and was designed to
determine the effect of GA/EP compared with GA on cancer
recurrence. The patients will be followed for up to 5 years
after surgery, with the primary outcome of DFS. In addition,
as a secondary endpoint, NK cell activity and markers of im-
munological function, such as cytokines and cortisol, will be
measured at repeated perioperative time points and up to
3 years after surgery. The above three trials were mainly or-
ganized by the Cleveland Clinic, Cleveland, in the USA.
Another trial for colorectal cancer surgery was designed and
commenced as a multicenter study in Sweden in March 2011.
Patients are randomized to one of two groups with either epi-
dural analgesia or patient-controlled analgesia. The patients
will be followed for up to 5 years to record cancer-specific
as well as all-cause mortality, to determine whether epidural
analgesia can reduce cancer-related mortality after surgical
treatment. In this trial, inflammatory and immunological
markers, including VEGF, HIF-1, microRNA mi21, CTCs,
IFN-y, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12,
TNF-«, and PGE,, will be measured pre surgery and post
surgery. Another trial for malignant melanoma in patients
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who undergo radical inguinal lymph node dissection was de-
signed in Germany in March 2012 to compare RA and GA,
consisting of SA/bupivacaine, GA/sufentanil, and propofol/
rocuroniumy/sevoflurane, respectively. The primary endpoint
is OS up to 5 years, and the secondary endpoint is the mea-
surement of changes of the total number of immune cells,
including T lymphocytes, B lymphocytes, and NK cells, and
their activity, changes in TGF-{3, and the activation status of
platelets from baseline until 15 min prior to the end of surgery
and from baseline until 24 h and 5 days postoperatively. [fRA
prevents perioperative immunosuppression and reduces post-
operative metastatic cancer dissemination, optimized anes-
thetic management might improve long-term outcomes after
cancer surgery. Another trial was designed and initiated for
patients with either breast or colorectal cancer after radical
surgery as a multicenter study in Sweden in November
2013, to compare propofol with sevoflurane anesthesia in
terms of OS. The patients will be followed for up to 5 years
to evaluate whether 1- and 5-year survival rates following
propofol anesthesia are better than those following
sevoflurane anesthesia. Similarly, another trial to test the ef-
fects of propofol anesthesia and inhalational anesthesia on
cancer cell cytotoxicity, micrometastasis, and cancer recur-
rence in patients having breast cancer resection was designed
in the Republic of Korea in February 2014. The primary out-
come measurement is the number of NK cells 24 h after sur-
gery. If the immunosuppression of total intravenous anesthesia
with propofol and remifentanil is lower than that of inhala-
tional anesthesia with sevoflurane and remifentanil, cancer
recurrence may be decreased.

9 Potential rationale and background for anesthetic
technique improving cancer-related death rates

Despite the fact that surgery is the most effective treatment for
cancer, many dormant tumor cells may already exist in sites
distant from the primary lesion. Surgical treatment may also
release tumor cells from the primary lesion into the circulatory
system through the lymphatic system and bloodstream due to
surgical manipulation that may lead to residual disease in the
formation of micrometastases by scattering tumor cells. The
immune system plays a crucial role in eradicating cancer cells,
and immune competence is required to prevent further disease
progression of residual cancer cells in the perioperative peri-
od. Thus, perioperative immune function is important for the
development of cancer recurrence. The perioperative period,
including the preoperative, intraoperative, and postoperative
periods, is a critical point for eradicating residual cancer cells,
which eventually influence long-term outcome. The perioper-
ative period can be characterized by immunosuppression, an-
giogenesis, and an increased load of CTCs. Whether residual
cancer cells result in the appearance of clinical metastases is



171

Cancer Metastasis Rev (2017) 36:159-177

681TL-HS USPIMS ‘SBINSBA
[OIeosay [eorur)

10§ 121U ‘Ansioatu() eresddny

Sunmiooy

20T oquuadsJ
€10 19quaA0N

LST8%-( ‘AUBULIDD “JOISUNIA
Adeiay ], ureq pue a1e) SAISUAU]

‘A3oorsayisaury Jo judunredoq
*OPIOYUIOH JIUIYOR]
Sunmiooy
S8 T0L ‘Uapamg
‘0121() ‘[eNdsoH AysioArun
68 18G ‘uopamg
‘Furdoyur ‘rendsoy AysioAtun
Sunmiooy
euIy) ‘reysueqs
‘rendsoq 1say)) reysueys
SYEIS panuf)
‘PUB[RAI[D “OWID PUBISAI]D
Sunmiooy
Auewon) ‘Jropressn(
JIoppassn(y Jo AJSIdATUN
BUNULSIY ‘SAITy souang
‘saIry souang ap ouere)] [eydsoyq
SYBIS partufy
‘PUB[IAI[D “OMUI[D) PUBIIAI]D
Sunmiooy
arode3urg
‘a10de3urg ‘fendsoy Suog Yoo, ue]
L *pueI ‘urqng
‘[endSOH QRIPIOOLISSIIA] JOTRIA
STTOY “Aueuiion JIopassn(
‘JI0p[assn( Jo ANSIdATUN
eury) ‘Sutliog ‘rendsoy
339710 [eIIPN uotu() SunRd
BLISNY ‘BUUDIA
‘eUUDIA JO AJSIOATU[) [BOIPIIA]
SYEIS panuf)
‘PUB[RAI[D WD PUBIIAI]D
Sunmiooy

610C YoIBN
10T YoIBN

810 J0quuooaq
110240

810¢ ¥snsny
010¢ Isn3ny

20T 12qu20Q
L00¢T IoquuadaJ

610T YoreN
L00T Arenuef

BISOUISOUL JO ddUBRUUILRUI JO]
QUEBIN[JOAIS'SA BISOISOUE JO
doueuoyurewr Joyjojodord vy

[EUODIPPE JNOYIIM 10 UIIM VD) A gordngo
QUBINJJOADS PUBLINIUOINIOI
‘Joyodouid ‘[ruBjUNS YNMVYD) ‘SA
%6 0reqiadAy aureoeardng yim v'S £ g 01 dngQ
dund v)Hd ®e1a suydiow/yo Anepow

‘sA prordo/onaysaue [ed0]
m ersag[eue [emprdo/yo

BISOF[euR
prordo aaneradoysod
/VD SUBIN[JOAIS

'SA dFd10RI0N VD

ersad[eue prordo

aaneradoisod/y oD sueInjoass

'sAJAuejuej pue oureseardnq
[empido/y D) dueINJoAdS

e1sog[eueprordo
/VDOUBIN[JOASS ‘SAYL) 10
uonepas doop yyum pauIquiIod
‘(Terqauoaered 1o [empida
IOUJI0) BISOT[RUR PUB VY

asned-[[e A G 0}
dn w9)-3uo

A ¢ oydngiq

K g 01 dnayer
90UALINOAX

Io0ue))

A ¢ 01 dn oyex
QOUDLINOAI

Iooue)

0008=U pPozIuopuel
aAnoadsoxd
IQURI-NNIA

0£Z=U pazruopuel 0A10adsorg

00£=U paziuopueI
aAnoadsoid ‘meyu0-nnA

€S [=U papur[g-9[qnop
paziwopuel 9Anoadsoxd
IQURI-NNIA

005Z=u papul[g-s[qnop
pazrwopuel 9an0adsord
IOJUD-NNJA

001 [=U pazrwopuel
aanadsoxd
IYURI-NNIA

Ul BISOUISOUL QUBINJOAIS (PIM
ersayisoue[ojodoid aredwos 0y
Apms [oqe[-uado ‘paziiopuer y
(¥90SL6TOLIN) 190uBd [£)0210]09 )SBAI]
SIoIRWOIq
aanarpaid [enusjod mau Jo uoneprea
pue3unipaounuuur danerddorad
Jo yoeduur 0y 10adsar ypim
BISOUISOUR [LIOUAT SNSIOA [BUOISAT
u2aM}aq uostredwo)) “ewoue[ow
jueuSIEW JO UONIASSIP opou YdwA|
[e91pRI J9JB SWO0IINO WLIR)-FU0]
(L888STOLON) pwoueour JueuSIe

SOW0INO ULIRY-3uo[:A1031INS

I00UED [£10910]09 10 BISoS[eU
pajjonuod-jusned Jo [emprdg
(19T81ET0LDN) 190UED [£)9310[0))

UOI}09SA1IO0UED

Suny SutoFropun syuaned

UI 9OUQIINOAT JOOUED UO BISOYISOUE
[euor3ar 2aneradoenur Furppe Jo 30919 YL
(80€6LTTOLON) 10oued Sun'g

A1231ns e)001-U0[00 SuroFIopun
syuoned Ul BISQYISOUE [BUOISIY
(6TT¥8900.LON) 190UBd [£19310[0))

AIUAILINIAT JJUBD
JSBAIQ PUB BISAYISOUE [BUOISIY
(LSY8TH00LDN) Jooued jsearq

oyep uonadyduwos

parewunsy
Kep 1e1g

uoned0] [eLL],
smels

anbruyo9y opoyisauy  Jwodpud Arewtg

ugisop Apms

SpnELLL
(JoyNUAPI AT S[ELI) [BOIUT]D)
ad£y 1o0uE)

QOUQLINOAI JOOUEBD pue onbIuyod) onoYyIsoue Jo S[eL) PI[[oNuod paziwopuel dandadsord SutoSup ¢ dqe],

pringer

Qs


http://trials.gov

172 Cancer Metastasis Rev (2017) 36:159-177

- < ) mostly affected by the balance between antimetastatic im-
- % SES s mune responses of the host’s defense systems and by the tu-
_§‘ £ TEJ' ° 2o Z mor’s ability to grow in the metastatic site. In clinical practice,
B é 88 % —% g the host immune system often fails to eradicate residual cancer
@ = = cells, permitting loco-regional recurrence and distant metasta-
8 sis to develop after surgical treatment.
@ ° At present, three perioperative factors are considered to
(R 5 p periop
=38 = shift the balance to the initiation and progression of residual
Q — . .
e ) cancer cells. The first is surgery per se, which scatters cancer
§ 2 = cells into the systemic circulation, suppresses CMI, including
- @"’é g the functions of CTLs and NK cells, reduces antiangiogenic
Q . . . .
g g & 2] factors such as angiostatin and endostatin, increases
g 9 =} . .
- :«é g g 5 proangiogenic factors such as VEGF, and releases several
—_ >
£73 S 2N g rowth factors that promote the growth of cancer cells [88,
3 E S g & P £
= 89]. Secondly, general anesthetics per se, except propofol,
3 Y, 8 p pt prop
2 also impair various immune functions for macrophages, den-
2 p phag
= < dritic cells, T lymphocytes, and NK cells [90]. Thirdly, opioid
£3 &= analgesia inhibits immune function, which leads to increased
S By = g
'“g 8 'z angiogenesis and promotes tumor growth [91]. Therefore,
& £ £ % opioid-sparing analgesia may help to keep the function of
o wm O .
E S LE 8 NK cells and reduce metastatic spread of cancer [92].
= 28 g = . . . p
% = g g Regional anesthesia/analgesia may prevent or attenuate
S gz_% g : surgery-stimulated adverse effects by inhibiting the neuroen-
B Eﬁé = n docrine stress response, which blocks not only the afferent
< =) i p y
8 S 45 3] neural transmissions from reaching to the central nervous sys-
9 > 5 8 g Y
< = 2 tem but also the descending efferent activation of the SNS.
E e 8 Regional analgesia reduces the release of endogenous opioids;
3 £ = L i .
.§~ Z = g thereby, opioid-induced immune suppression may be reduced
; g S g s [93]. With the combination of regional and general anesthesia/
g 23 0‘50 ey analgesia, the proportion of general anesthetics required is
> Z k=) reduced and also probably their induced immunosuppression,
2 as well as the need for GA, minimizing the opioid requirement
£ g P q
g for postoperative pain relief.
3 Regarding the effect of opioids, whether they act as
= = modulators of either cell proliferation or cell death in
o . . . .
i § affecting tumor progression is controversial [94-96].
g . b g Evidence for opioids suppressing the immune response
b7 Z g k5| includes the fact that various immune-competent cells ex-
s} = 5 2. p
Z §§ Zﬂ) press opioid receptors and undergo apoptosis when treat-
Z £- ~ ed with opioids. Opioid-induced cell proliferation and cell
< .
% death appear to be dependent on the concentration or du-
. % ration of treatment. Growth-promoting effects occur at
g = E“ low concentrations or with single doses of opioids, while
) o g 8 5 rowth-inhibitory effects occur with chronic treatment or
= = =2 g8 o g y
EE5 -8 2232 | & at relatively high concentrations of opioid [97]. The p-
o 8 & 8 o % ﬁ 2o 8 N y g p u‘
2 = § 5 > 58 2 % S ‘é g opioid receptor (MOR) is overexpressed in several human
B E 88588 25FE| & cancers, leading to the promotion of tumor growth and
= 5 EEcSe 83852 | % . . . e = .
2 = 2ES55% 2 Z Eg | 2 metastasis [98]. Morphine stimulated proliferation of mi-
£ & EBELEEES % & g - crovascular endothelial cells and angiogenesis at the con-
= 7] =2~ %] . . . . ..
§ “&E E; g S g 2 g é é%ﬁ E é centrations observed in patients. Morphine at clinically
= = = 2 5.2 o . .
e T30 2 = % S £ 2 s B “5’ 2132 relevant doses enhanced tumor neovascularization and
5 .8% 7] - S — = . . .
2| 8EE % £-Z222E£582| 2% caused an increase in tumor progression of breast cancer
g g = _g 2 0w o g =2 o & 3 q>) .
=l OLE& MmO é 5 cells in vitro and in vivo [94, 99]. Given that laboratory
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and clinical studies suggest that differences in the recur-
rence of certain types of cancer are dependent on whether
patients received RA/GA or GA/opioid analgesia, the dif-
ferences in cancer recurrence may be due to immunosup-
pression and the direct effects of opioids on tumor growth
of angiogenesis-dependent cancers. On the other hand, the
preoperative and postoperative administration of mor-
phine attenuated the tumor-promoting effects of surgery,
and morphine treatment also attenuated the surgery-
induced stress response in animal studies [100, 101].
These findings suggest that the preoperative administra-
tion of morphine may play a key role in modulating
surgery-induced increases in metastasis. Further, fentanyl
had antitumor effects, with reduction of cell clone forma-
tion and inhibition of cell migration and invasion of co-
lorectal cancer cells in vitro [102]. Despite the benefits of
opioid-sparing RA techniques on patient outcome, as has
been suggested in clinical trials of surgical treatment, it is
uncertain whether the benefit comes from directly the lack
of opioids or from supplemented RA. Nevertheless, re-
search has shown that in specific types of cancer, mor-
phine may be beneficial and that the MOR plays a role in
tumor progression. Opioids may play a role in the devel-
opment of cancer metastasis and recurrence, which ap-
pears to differ depending on the type of cancer cell [103].

Using clinical samples to support the hypotheses that an-
esthetic techniques affect cancer-related mortality and cancer
recurrence via immune function and tumor growth-related
factors in cancer patients, a recent study on colon cancer pa-
tients having fast-track surgery during the perioperative period
noted significant increases in lymphocytes and Th1 cells, and
decreases in Th2 and regulatory T cells were found in patients
who received EP/GA post surgery in comparison with those
who received GA only [104]. A previous study on colon can-
cer patients randomized to propofol-epidural anesthesia
(PEA) or GA noted that patients receiving PEA showed that
the levels of VEGF-C, TGF-f3, and IL-6 were decreased,
whereas the level of IL-10 was increased after surgery com-
pared with those receiving GA [105]. Further, a recent study
on colon cancer surgery in patients randomly allocated to re-
ceive PEA or sevoflurane/opioid noted that serum from pa-
tients having PEA better inhibited proliferation and invasion
and induced apoptosis in colon cancer cells in vitro, compared
with that from patients having sevoflurane/opioid [106]. A
controlled randomized study comparing PVA with
sevoflurane/opioid noted that PVA attenuated the cytokine
responses of IL-6, IL-10, IL-12, and IFN-y after breast cancer
surgery [107]. Interestingly, the surgical specimens from
breast cancer patients recruited in an ongoing RCT
(NCT00418457) were immunohistochemically stained to
highlight immune cell infiltration. Propofol-paravertebral an-
esthesia increased the infiltration of NK and T-helper cells into
breast cancer tissues compared with sevoflurane/opioid, in

contrast to suppressor T cells or macrophages [108]. A recent
pilot study from an ongoing prospective RCT
(NCT00418457) showed that serum from patients adminis-
tered PVA for breast cancer surgery induced apoptosis to a
greater extent in ER-negative breast cancer cells compared
with that from patients administered sevoflurane/opioid anes-
thesia [109]. Further, another pilot study using blood sample
from breast cancer patients before surgery and 24 h after sur-
gery in an ongoing prospective RCT (NCT00418457) noted
that blood sample from patients administered PVA had greater
NK cell cytotoxicity in vitro compared with that from patients
administered sevoflurane/opioid [110]. These findings sug-
gest that anesthetic technique may alter cytokines and serum
factors associated with cancer cell function and immune func-
tion in metastasis, thereby providing an explanation for how
anesthetic technique may affect cancer recurrence.

10 Conclusions

In the past decade, despite a focus on the relationship
between anesthetic technique and cancer recurrence that
has been the most interesting topic in oncologic surgery,
currently available data do not provide any definitive an-
swers to the hypothesis that the use of RA rather than GA
can reduce surgical stress, the use of volatile anesthetics,
and opioid consumption, thereby reducing perioperative
immunosuppression, angiogenesis, and eventually, cancer
recurrence to prolong patient survival. The lack of defin-
itive answers is due, in part, to the heterogeneous and
limited methodologic nature of previous studies.
Although supplemented loco-regional anesthesia or
propofol-based anesthesia appears to reduce cancer recur-
rence after oncologic surgery, there is no evidence show-
ing that simple changes of anesthesia in clinical practice
can provide a survival benefit after surgical treatment in
cancer patients. In addition, how anesthetic agents affect
the immune system in association with patient outcomes
remains to be elucidated. Thus, the puzzle of the relation-
ship between anesthetic technique and cancer recurrence
has not yet been unraveled. Nevertheless, from preclinical
and retrospective studies, a potential effect of anesthetic
techniques on cancer recurrence and survival of minimal
residual cancer through immunological and
nonimmunological mechanisms still exists. Since a mini-
mal requirement of volatile anesthetics and opioids con-
tributes to better outcomes in oncologic surgery, an ap-
proach to avoid immunosuppressive anesthetic agent
needs to be at least considered in the clinical practice of
cancer treatment. The effect of anesthetic technique on
cancer outcome must be highlighted as not only an issue
for anesthesiologists but also an important issue for sur-
geons working together to cure cancer patients in
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oncologic surgery. Several well-planned prospective
RCTs are ongoing that will provide more promising re-
sults to verify the benefits of anesthetic technique on re-
ducing cancer recurrence in oncologic surgery.
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