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Cancer surgery still represents the main treatment indication for a large variety of cancers. At the time of
surgery, an unknown number of dormant tumors may already exist distal to the primary cancer. At the same
time, a large number of malignant circulating cells are released into the blood stream due to tumor manip-
ulation. The immune system plays an important role in clearing cancer cells, thus a competent immune sys-
tem is required to avoid further progression of the minimal residual disease in the perioperative period.
Unfortunately, volatile anesthetics, opioids and surgical stress cause significant immune depression. At
the humoral level, there is a predominant increase in pro-tumor cytokines such as interleukin 4 and 10.
At the cellular level, there is impairment in the function of natural killer cells. An alternative, to a vola-
tile-opioid general anesthetic technique is the use of regional anesthesia and analgesia, since this reduces
the consumption of volatile anesthetics, opioids and diminishes surgical stress. Thus, it has been speculated
that regional anesthesia may improve cancer recurrence when used during ‘‘curative’’ surgery. Although,
animal experiments suggest that the use of regional anesthesia may reduce further tumor growth; to date,
there is no solid clinical evidence to suggest that the use of regional anesthesia or analgesia may reduce can-
cer recurrence. Unfortunately, all evidence comes from retrospective studies.

� 2011 European Federation of International Association for the Study of Pain Chapters. Published by
Elsevier Ltd. All rights reserved.
1. Introduction

Cancer represents a major cause of morbidity and mortality
(Jemal et al., 2010). Treatments for cancer include chemotherapy,
radiation, surgery, and various combinations of the three. How-
ever, surgery dominates the initial treatment of solid tumors. With
advances in perioperative medicine, surgery is increasingly advo-
cated for situations previously considered unsafe. For instance,
the ESMO (European Society for Medical Oncology) Guidelines
Working Group recommends surgical resection for stages I–IV of
gastric cancers (Cunningham and Oliveira, 2008). A recent report
from the EORTC (European Organization for Research and
Treatment of Cancer) group and the International Society for Geri-
atric Oncology recommends surgery as a therapeutic option even in
elderly patients with non-small cell lung cancer after careful pre-
operative cardiac and respiratory assessment (Pallis et al., 2011).

It is now well established that by the time of diagnosis — even
early diagnosis — tumor cells are already in circulation in the blood
stream. Furthermore, tumor manipulation during surgical resec-
tion increases the load of circulating malignant cells, favoring the
ernational Association for the Stud
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dissemination and development of distant metastasis. Host de-
fenses, particularly natural killer cells, natural killer T cells, cyto-
toxic lymphocytes and the balance between TH1 and TH2
responses largely determine whether circulating cells and/or
established micrometastasis progress to a clinical metastasis.

The stress response to surgical tissue injury, general anesthesia,
and opioids all impair innate and adaptive immune response, and
do so at what might be a decisive period for cancer dissemination.
Furthermore, the perioperative period appears to be a proangio-
genic state in which high circulating concentrations of tumors
growth factors, including the vascular endothelial growth factor,
favor progression of minimal residual disease.

In contrast to general anesthesia, regional analgesia might ame-
liorate the stress response to surgery and reduce the need for gen-
eral anesthesia and opioids. In the following sections, we will thus
review the effects of perioperative treatments on immune func-
tion, with particular emphasis on how regional analgesia might
help preserve anti-cancer host defenses and decrease the pro-angi-
ogenesis state associated with surgery.

2. Minimal residual disease and cancer surveillance by the
immune system

The concept of minimal residual disease which includes tumor
dormancy and circulating tumor cells has important implications
y of Pain Chapters. Published by Elsevier Ltd. All rights reserved.
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for cancer prognosis because it is the stage when tumors may show
highest susceptibility to the surveillance action of the immune sys-
tem and therapeutic interventions (Udagawa, 2008; Almog, 2010).
Perioperative immune suppression may thus be linked to the
development of postoperative cancer recurrence even after an
otherwise successful resection of the primary tumor (Fig. 1) (Koe-
bel et al., 2007).

Natural killer cells are a subpopulation of lymphoid cells that
spontaneously recognize and kill various tumor cells (Talmadge
et al., 1980). T helpers (CD4+) lymphocytes are in charged of recog-
nizing antigens and regulating the function of other lymphocytes
including NK cells and cytotoxic lymphocytes (CTLs). The latter,
in turn, are responsible for destroying malignant cells through a
process called direct cell-mediated cytotoxicity. T helpers are clas-
sified into TH1 and TH2 populations based on their cytokine secre-
tion. TH1 are involved in cellular immunity through the production
of interleukin (IL)-2 and interferon-c, and by induction of apopto-
sis. TH1 cells also participate in the activation of CTLs, NK cells,
macrophages, and monocytes — which in turn attack cancer cells.
In contrast, TH2 orchestrate a humoral response mediated by the
release of IL-4, IL-5, IL-13, and IL-15 that favors tumor growth
(Mosmann et al., 1986; Sad et al., 1995). CTLs are also classified
into Tc1 and Tc2 based on their cytokine profile. Tc1 cells induce
cancer cell clearance through the release of IFN-c, IL-2, and TNF-
a. In contrast, Tc2 cells release IL-4, IL-10, and IL-5 (Sad et al.,
1995). Natural killer T cells are a subtype of T cells that show char-
acteristics of NK cells and are associated with improved prognosis
in cancer patients (Berzofsky and Terabe, 2009).

Cytokines are responsible for cross-talk among immune cells
(Fig. 2). They also have intrinsic action on cancer cells and thus
can directly facilitate or slow cancer growth. Interferon-c, for
example, is an essential component of the TH1 response and favors
tumor control instead of tumorigenesis (Miller et al., 2009). Tumor
necrosis factor-a (TNF-a) is a TH1 cytokine produced by activated
macrophages and pro-inflammatory T cells. TNF-a has antitumor
properties (Szlosarek et al., 2006), but can also promote tumor sur-
vival via induction of antiapoptotic genes and by stimulating pro-
duction of genotoxic reactive oxygen species and nitric oxide
(Szlosarek et al., 2006). In patients with cancer, elevated TNF-a
concentrations in the serum are associated with poor prognosis
(Szlosarek et al., 2006). IL-2 is a pleiotropic cytokine secreted by
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activated T cells. IL-2 has shown anticancer activity by augmenting
cytolytic activity of NK cells, by inducing IFN-c secretion by T cells,
and by activating macrophages (Malek and Bayer, 2004).

IL-4 has been traditionally linked to a TH2 polarization and, thus
favoring tumor growth. However, IL-4 can also promote tumor
clearance by recruiting granulocytes and promoting anti-angiogen-
esis (Li et al., 2009). IL-10 also has antitumor activity that is
mediated by the activation of NK cells and through direct antian-
giogenic effects (Ellyard et al., 2007); however IL-10 has been rec-
ognized as a marker of poor prognosis in patients with lung cancer
(Huang et al., 1995). As part of a predominant TH2 response, surgi-
cal trauma stimulates the release of IL-10 (Mack et al., 1996). IL-13
also appears to have a dual effect on cancer cell survival, thus it can
favor tumor growth by inhibiting CTLs activation or induce tumor
cell death by recruiting neutrophils and macrophages (Joshi et al.,
2006).

It is well established that dendritic cells, NK cells, and
lymphocytes modify their functions in response to endogenous cat-
echolamines, cytokines, and growth factors. The immediate intraop-
erative response to surgery-induced stress is an increase in
circulating NK cells numbers and an enhancement in their activity,
followed by a postoperative reduction to normal or sub-normal lev-
els (Forget et al., 2010; Brand et al., 1997, 2003; Kutza et al., 1997).
Activation of the sympathetic system appears to increase the num-
ber of circulating NK cells, but depress their function (Dimitrov et al.,
2010; Mills et al., 1996; Greenfeld et al., 2007). However, the latter
phenomenon remains poorly understood (Nomoto et al., 1994; Grei-
sen et al., 1999). Stress and catecholamines also increase the circu-
lating number of NKT cells, but as with cytotoxic lymphocytes and
NK cells, the effect is short-lived (Dimitrov et al., 2010). Finally,
the circulating concentrations of TH1 and TH2 cytokines also suffer
significant alterations during the perioperative period (Helmy
et al., 1999; van Sandick et al., 2003a,b).

In summary, surgery remains the primary treatment for nearly
all cancers, yet it is also known that malignancies are usually wide-
spread at the time of diagnosis. One of the primary determinants of
local recurrence or metastatic spread is host defense. The balance
between immune anti-cancer and pro-cancer cellular and humoral
factors is thus critical to patient outcome. The effects of anesthetics
and perioperative analgesic interventions in association with can-
cer surgery are thus of considerable interest.
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3. General anesthesia and immune system

Anesthetics have varying actions on the anti-tumor immune
system (Fig. 2). Volatile anesthetics — including halothane, isoflu-
rane, and sevoflurane — decrease the number of NK cells and their
function, and thus might favor tumor metastasis formation (Lundy
et al., 1978; Markovic et al., 1993; Brand et al., 1997). T cells are
also affected by volatile anesthetics. Sevoflurane and isoflurane,
for example, both impair their function and induce apopto-
sis(Matsuoka et al., 2001; Loop et al., 2005; Roesslein et al.,
2008; Yuki et al., 2010); in contrast, desflurane does not induce
apoptosis (Roesslein et al., 2008). Whether the effects of volatile
anesthetics on anti-cancer immunity are clinically important re-
mains debatable since general anesthesia does not alter the per-
centage of TH and CTL cells which is similar in patients
undergoing surgery with or without general anesthesia (Vanni
et al., 2010).

Propofol does not impair the function of NK cells (Melamed et al.,
2003) whereas the intravenous anesthetics ketamine and thiopental
do. Furthermore, propofol appears to improve or preserve the TH1/
TH2 ratio which is in distinct contrast to volatile anesthetics, keta-
mine and thiopental (Pirttikangas et al., 1994; Salo et al., 1997;
Ren et al., 2010). Ketamine also induces apoptosis in human Jukart
cells, inhibition of dendritic cells maturation, and appears to favor
a TH2 response (Ohta et al., 2009; Braun et al., 2010). Benzodiaze-
pines also have immunomodulating effects: diazepam in anxiolytic
doses does not alter the percentage of circulating CD4+T and CD8+T
lymphocytes (de Lima et al., 2010). However, the content of IFN-c in
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both types of cells decreases after exposure to incremental concen-
trations of diazepam, thus suggesting a potential dose-dependent
immune-suppressive action (Wei et al., 2010).

Considered together, intravenous and volatile anesthetics —
with the possible exception of propofol —predominantly have neg-
ative effects on anti-cancer immunity and it is likely that these ef-
fects are more pronounced in the context of the stress response to
surgery (Procopio et al., 2001). The duration of the immune sup-
pression triggered by general anesthetics is unknown in humans,
although inhibition appears to resolve within a week (Baxevanis
et al., 1994). It is also unknown whether there is a specific period
during which immune defenses against disseminated cancer cells
are especially critical. But it may be that the intraoperative and
immediate postoperative period is crucial for cancer, just as the
hours after incision constitute a decisive period during which con-
tamination of surgical wounds is either contained by host defense
or progresses to an infection which becomes clinically apparent
weeks later (Moucha et al., 2011).

4. Opioids and the immune system

Opioids have depressant actions on the immune system (Fig. 2).
They diminish the activity of NK cells, impair surgery-induced pro-
liferation of T cells, decrease the killing activity of CTLs, and favors
metastasis formation (Roy et al., 1997; Sacerdote et al., 2000a;
Franchi et al., 2007; Mojadadi et al., 2009a). Furthermore, antigen
presentation is impaired by even brief exposure to morphine (Bea-
gles et al., 2004). Interestingly, the immune effects of opioids are
similar when they are given systemically or centrally (Akural
et al., 2004; Yokota et al., 2004) and appear to be linked to in-
creased circulating concentrations of corticosteroids (Franchi
et al., 2007).

Opioids also have effects on the biology of several cytokines and
growth factors. Opioids appear to favor a TH2 over a TH1 response.
The production of IL-4, IL5, and IL-13 increases after exposure of T
lymphocytes to increasing concentrations of morphine (Roy et al.,
2001; Greeneltch et al., 2005). In contrast, exposure of stimulated
peripheral mononuclear cells to increasing doses of morphine
inhibits release of IL-2 (Roy et al., 2001). Acute injection of mor-
phine reduces IFN-c secretion in mice exposed to herpes simplex
virus (Mojadadi et al., 2009b). Finally, a clinical study demon-
strates that the use of high doses of fentanyl intraoperatively is
associated with a reduction in IFN-c levels, which is partially pre-
vented by the used of intraoperative epidural anesthesia (Ahlers
et al., 2008).

The effect of opioids on IL-10 biology remains unclear and ap-
pears to depend on the experimental conditions (Scott and Carr,
1996; Peng et al., 2000; Kim and Hahm, 2001; Limiroli et al.,
2002; Messmer et al., 2006; Martucci et al., 2007; Bonnet et al.,
2008; Yardeni et al., 2008; Wu et al., 2009). But in general, admin-
istration of high-dose morphine to intact animals provokes a sus-
tained increase in IL-10 concentrations beginning at about 24 h
and lasting at least 48 h postoperatively (Pacifici et al., 2000). This
finding supports clinical observations showing that plasma con-
centrations of IL-10 are elevated after patient-controlled morphine
analgesia and after sevoflurane-opioid based anesthesia (Deegan
et al., 2010; Kim and Hahm, 2001).

Cancer cells express opioid receptors on their cytoplasmic
membranes and activation of these receptors can induce transacti-
vation of vascular endothelial growth factor receptor (VEGF) that
leads to angiogenesis and tumor proliferation (Gupta et al., 2002;
Mathew et al., 2011). Consistent with this mechanism, morphine
stimulates glioblastoma proliferation in vitro (Lazarczyk et al.,
2010). As might thus be expected, methylnaltrexone (an opioid
antagonist) inhibits tumor growth (Singleton et al., 2006). Opioids
also appear to stimulate tissue production of transforming growth
factor-b, which has both angiogenic and immunosuppressive prop-
erties (Pepper, 1997; Chang et al., 2010). Surprisingly though, use
of combined general-regional anesthesia — which is associated
with lower opioid consumption than general anesthesia — is not
associated with lower plasma concentrations TGF-b (Looney
et al., 2010).

As with general anesthetics, the predominant effect of opioids
on the immune system is suppressive which potentially confers
protection on distant malignant cells, potentially facilitating their
proliferation and expansion. Thus, the use of anesthetic and anal-
gesic techniques that minimize opioid consumption might offset
the tumorigenic effects of opioids.
5. Angiogenesis, growth factors, and the immune system

Tumor growth depends on the continuous supply of nutrients
for cellular survival. Formation of new blood vessels (angiogenesis)
is one of the mechanisms by which cancer cell colonies are able to
support their growth; thus tumors with a low angiogenic potential
remain dormant — and usually undetected — until a cellular-level
‘‘angiogenic switch’’ is activated (Udagawa, 2008; Baeriswyl and
Christofori, 2009; Almog, 2010). Release of growth factors by
malignant and non-malignant cells within tumors is among the
factors that can activate the angiogenic switch. For instance, verti-
cal growth of melanoma depends on VEGF (Erhard et al., 1997).

Circulating and wound concentrations of growth factors, includ-
ing VEGF, are increased during and after surgery — especially in
patients with cancer — and their sources includes hypoxic tissues
and circulating cancer and non-cancer cells responding to an
inflammatory environment (Neufeld and Kessler, 2006; Kong
et al., 2010). Growth factors also exert actions on the immune sys-
tem. VEGF and TGF-b promote immune suppression (Pepper, 1997;
Rodriguez et al., 2001; Johnson et al., 2009; Mulligan et al., 2010).
VEGF does so by inhibiting dendritic cells maturation, promoting
TH2 polarization, stimulating the activity of regulatory T cells,
and blocking of intra-tumor T cell infiltration (Finke et al., 2008;
Hipp et al., 2008; Osada et al., 2008). TGF-b causes immune sup-
pression by inhibiting tumor infiltrating lymphocytes and promot-
ing the proliferation of T-regulatory cells (Norgaard et al., 1995;
Rodriguez et al., 2001).

Taken together, increased perioperative concentrations of VEGF
and TGF-b may contribute to immune suppression. And when com-
bined with a perioperative pro-angiogenic state, may facilitate the
growth of dormant distant tumors after oncologic surgery.
6. Stress, inflammation and the immune system

Surgery is among the most stressful situation humans routinely
encounter, and it is typically characterized by a surge of intraoper-
ative and postopoperative catecholamine release (Hong et al.,
2011). The amount of stress provoked by surgery depends on the
extent of tissue injury (Schricker et al., 1999; Marana et al., 2000,
2003) and on anesthetic and analgesic techniques (Hong et al.,
2011). More importantly, the magnitude of immune dysfunction
observed in the perioperative period is also associated with the
magnitude of the surgical procedure (Bartal et al., 2010).

As previously mentioned, catecholamines act on adrenergic
receptors located on the membrane of lymphocytes and other im-
mune cells, and significantly alter both the number and function of
lymphocytes and other cells involved in immunity against cancer.
For instance, norepinephrine inhibits the activity of T lymphocytes
(Cook-Mills et al., 1995) while increasing the number of cytotoxic
lymphocytes and reducing the number of T helpers (Dimitrov et al.,
2010; Mills et al., 1996). Interestingly, these changes are reversed
after adrenalectomy (Engler et al., 2004), which is consistent with
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a critical role of circulating corticosteroids in mediating the im-
mune effects of opioids (Franchi et al., 2007).

Natural killer cells also modify their count and function in re-
sponses to stress and degree of surgical tissue injury, although
the latter phenomenon is controversial (Jung et al., 2008; Whitson
et al., 2008). The injection isoproterenol (a beta agonist) provokes a
rise in the number of NK cells (Murray et al., 1996) which is consis-
tent with perioperative observations that there is an initial rise in
NK cell number with a clear depression in their function, followed
by a reduction in NK cell counts (Ahlers et al., 2008; Bartal et al.,
2010). As might be expected, NK cell numbers hardly change after
minor surgical procedures (Bartal et al., 2010). And as with NK
cells, the NKT cell response depends on the magnitude of the sur-
gical stress, with counts being substantially lower after major than
minor surgery (Bartal et al., 2010). Elegant studies by Ben-Eliyahu’s
group indicate that perioperative immune suppression contributes
to tumor growth and metastasis development (Page and Ben-Eli-
yahu, 1997; Ben-Eliyahu et al., 1999; Melamed et al., 2005). Inter-
estingly, blockade of the b adrenergic receptor reduces both
immune suppression and lung tumor retention in rodents (Mela-
med et al., 2005).

Inflammation per se has dual (beneficial and detrimental) mod-
ulatory effects on the immune system (Kopf et al., 1994; Woicie-
chowsky et al., 1999; Laroux, 2004; Lin et al., 2008). For instance,
at the tumor site, there is a group of cytokines responsible for a
phenomenon known as cancer-related inflammation that is char-
acterized by suppression of tumor infiltrating lymphocytes and
NK cells and TH2 polarization. Cytokines responsible for these ac-
tions are IL-1b, TNF-a, IL-6 and IL-23 (Diehl and Rincon, 2002;
Wang et al., 2004; Mantovani et al., 2008; Tu et al., 2008). How-
ever, the efficacy of these defenses varies from tumor to tumor
(Chew et al., 2010). Cytokines and other acute phase reactants re-
leased during and after surgical trauma provoke an inflammatory
response that is not limited to the site of injury, but also extends
systemically (Lenz et al., 2007). An intraoperative and postopera-
tive exaggerated inflammatory response characterized by a rise
in systemic plasma concentration of IL-1, IL-6, and TNF-a may be
detrimental to the immune function(Ni Choileain and Redmond,
2006) and may be associated with poor postoperative cancer out-
comes including local recurrences and metastasis (Carter and
Whelan, 2001). Experimental studies demonstrate that exagger-
ated inflammatory responses as might accompany surgical tissue
injury increase vascular permeability and angiogenesis which, in
the patient with cancer, favors tumor cell invasion and migration
(Balkwill and Mantovani, 2001; Coussens and Werb, 2002; Arias
et al., 2005). Interestingly, the administration of beta-adrenergic
receptor antagonists and cyclooxygenase inhibitors appear to
counteract the tumor promoting effects of inflammation (Naor
et al., 2009). However, the actual mechanistic explanation remains
unclear as adrenergic agonists have also been shown to have anti-
inflammatory properties (Van der Poll and Lowry, 1997; Hasko and
Szabo, 1998).

Another important concept is the compensatory anti-inflamma-
tory response syndrome (CARS). Initially, CARS controls inflamma-
tion, but when exaggerated, can cause immune suppression. The
cytokines most involved in CARS are IL-1 receptor antagonist
(IL-1ra) and, paradoxically, IL-6. IL-1ra competitively antagonizes
IL-1 mediated inflammatory responses whereas IL-6 may block
synthesis of IL-1b and TNF-a (Dinarello, 1998; Opal and DePalo,
2000). IL-10 also plays an important role in CARS. The late increase
of this cytokine and a high IL-10/TNF- a ratio is associated with
apoptosis of immune cells and high mortality in patients with sep-
sis (Heidecke et al., 1999; Gogos et al., 2000). It remains unclear
whether CARS occurs after uneventful operations when the surgi-
cal stress response is well controlled. But CARS clearly follows
complicated surgical procedures, especially when associated with
major complications such as abdominal sepsis, and can cause
‘‘immune paralysis’’ (Moore, 2010).

Considerable data thus indicates that surgical stress and an
exaggerated inflammatory response induce immune suppression
that may speed tumor growth. Perioperative anesthetic and anal-
gesic techniques that ameliorate or blunt surgical stress may there-
fore be associated with a better immune function and improved
long-term prognosis in patients undergoing cancer surgery.

7. The working hypothesis

Based on the evidence presented above, the perioperative per-
iod is characterized by a state of inflammation, immune suppres-
sion, and pro-angiogenesis (Fig. 1). This imbalance may facilitate
growth and seeding of dormant or circulating cancer cells and,
ultimately, cancer recurrence. Perioperative interventions that re-
duce surgical stress and limit the use of volatile anesthetics and
opioids may thus help preserve immune function and avoid the
angiogenic switch — and in turn reduce the risk of cancer
recurrence.

Many surgical procedures can be performed under regional
anesthesia alone, thus completely avoiding the use of general anes-
thetics (Borendal Wodlin et al., 2011; Richardson et al., 2011). Even
when regional analgesia is combined with general anesthesia (as is
typical for cancer surgery), much less volatile anesthesia is re-
quired. Furthermore, because regional blocks provide excellent
analgesia, little if any postoperative opioid is required. Regional
analgesia is therefore an attractive perioperative intervention be-
cause it reduces the need for general anesthetics, decreases or
eliminates the need for opioid analgesics, and moderates the nor-
mal stress response to surgical tissue injury. There are thus com-
pelling mechanistic reasons to believe that regional analgesia
might reduce the risk of cancer recurrence. The remainder of this
review will focus on the effects of regional analgesia on immune
function and what little clinical evidence is currently available
regarding its potential effects on cancer recurrence.

7.1. Regional anesthesia spares volatile anesthetics

Regional analgesia blocks pain transmission pathways and re-
duces sympathetic nervous system activation in response to surgi-
cal tissue injury, thus decreasing perioperative requirement for
general anesthetics. The reduction is substantial, perhaps by a by
a factor-of-five. Regional analgesia, with its reduced requirement
for volatile anesthetics, might consequently favor anti-tumor
immunity by promoting TH1 dominance, preserving NK cell num-
bers, and maintaining lymphocytic responses to various mitogens
(Vanni et al., 2010; Whelan and Morris, 1982; Corsi et al., 1995;
Klokker et al., 1995; Koltun et al., 1996; Le Cras et al., 1998; Proco-
pio et al., 2001).

The immune benefits of combining regional analgesia with gen-
eral anesthesia nonetheless remain unclear, in part because the
anti-immune effects of volatile anesthetics may be clinically
important even at low minimal alveolar concentrations (Akural
et al., 2004; Yokota et al., 2004). For instance, the neutrophil phag-
ocytic activity, the total lymphocyte count, and the NK cell count
and activity decrease similarly postoperatively in patients under-
going surgery under volatile anesthesia or combined volatile anes-
thesia and epidural analgesia (Yokota et al., 2004; Yokoyama et al.,
2005; Kawasaki et al., 2007). Whether low concentrations of vola-
tile anesthetics also profoundly impair immune function in con-
junction with intravenous anesthetics such as propofol is even
less clear (Vanni et al., 2010; Volk et al., 2004). Although a recent
clinical study supports the notion that a technique based on propo-
fol-regional anesthesia better preserves the immune profile than a
sevoflurane-opioid technique, the ability of cancer cells to prolifer-
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ate remains comparable when those cells are exposed to serum ob-
tained from patients having both techniques (Deegan et al., 2010;
Deegan et al., 2009).

It seems likely that the potential benefits of regional anesthesia
on the immune system depend on the specific regional analgesia
technique. Although controversial and counter-intuitive, clinical
studies suggests that regional analgesia targeting a large nerve
plexus such as the brachial or lumbar plexus or paravertebral
may better prevent the deleterious effects of general anesthetics
on the immune system than neuraxial analgesia techniques
(Deegan et al., 2010; Ciepichal and Kubler, 1998). A plausible
explanation is that the benefit may be proportional to block extent
and whether the block adequately covers the surgical area.

Based on available data, there remains a lack of conclusive evi-
dence regarding the effects of regional analgesia on the immune
function, either when used as a primary anesthesia technique or
when added to volatile agent based general anesthesia.

7.2. Regional anesthesia reduces opioid requirement

Regional anesthesia not only provides adequate pain control
during and after a wide variety of procedures including mastecto-
mies, thoracotomies, abdominal surgery, and upper- and lower-
extremity procedures but also reduces the requirement for sys-
temic opioids (Borendal Wodlin et al., 2011; Richardson et al.,
2011).

The effects of regional anesthesia on the immune system, in
particular in the perioperative period, are poorly understood. To
complicate this matter further, the effects of opioids on the im-
mune system may confound the pure actions of regional anesthe-
sia (Beilin et al., 1996; Sacerdote et al., 2000a; Cronin et al., 2003;
Wang et al., 2006; Yardeni et al., 2008). Thus, while the isolated
postoperative use of regional analgesia is anti-inflammatory and
helps maintain immune function (Volk et al., 2003, 2004), the ben-
efit is likely greater when regional analgesia is used both intraop-
eratively and postoperatively (Koltun et al., 1996; Le Cras et al.,
1998; Martin et al., 2008). This may be due to the fact that larger
opioid doses are given in conjunction with a general anesthetic-
opioid technique than during combined regional-general anesthe-
sia. Consequently, opioids given intraoperatively remain in the
body postoperatively and presumably continue to impair immune
functions including NK cell activity (Beilin et al., 1996; Volk et al.,
2004).

Differences among clinical studies may also be explained by the
fact that opioid actions on immune function vary, with some caus-
ing more immunosuppression (morphine, remifentanil, fentanyl)
and others less (buprenorphine, hydromorphone, oxycodone,
tramadol). Hence, the immune effects of regional analgesia and
consequent opioid-sparing presumably depends, at least to some
extent, on the type of opioid given to the ‘‘control’’ patients (Sacer-
dote, 2006). And finally, the effect of interventions such as regional
analgesia will obviously depends on the specific immune functions
which are evaluated, to say nothing of preexisting TH1/TH2 balance
(Sacerdote et al., 2000b).

Regional analgesia certainly reduces opioid requirements. To
the extent that immunosuppressive opioids would otherwise have
been used, regional analgesia may thus help maintain periopera-
tive immune function. That said, there is a distinct paucity of infor-
mation about the effects of regional analgesia and consequent
opioid sparing on perioperative immune function in humans.

7.3. Regional anesthesia moderates the stress and inflammatory
response to surgery

Regional anesthesia and analgesia ameliorate the stress re-
sponse that is normally provoked by surgical trauma. Systemic
concentrations of catecholamines and cortisol are decreased in
patients undergoing surgery under regional anesthesia (Koltun
et al., 1996; Ahlers et al., 2008; Hong et al., 2011). For instance,
excisional breast biopsy under local (skin and subcutaneous infil-
tration) anesthesia is associated with minimal increase in plasma
epinephrine and norepinephrine concentrations Zografos et al.,
2009),whereas such surgery normally provokes autonomic ner-
vous system activation (Malatinsky et al., 1986). However, the
magnitude of the stress response varies among procedures. Thus,
regional anesthesia for low or moderately invasive procedures
may blunt the stress response relatively better than when used
for highly invasive procedures such as cardiac or thoracic surgery,
although the absolute reduction is probably greater with larger
procedures. Moreover, intraoperative and postoperative factors
other than a pure neural input from the surgical wound likely
influence the magnitude of the stress response. There is thus a
limit to how well any regional block can attenuate the surgical
stress response. For example, the endotoxemia associated with
surgical bowel manipulation triggers release of catecholamines
and cortisol that are not blocked by regional anesthesia (Naito
et al., 1992).

How regional anesthesia protects the immune system from sur-
gical stress is poorly understood. In the absence of opioids or anes-
thetics, local anesthesia (skin infiltration) per se prevents the
increase in NK cell number that is normally associated with painful
stimulation (Greisen et al., 1999). This finding is in agreement with
the notion that regional anesthesia preserves immune function
even without reducing general anesthetic and opioid use Beilin
et al., 2003; Ahlers et al., 2008; Hong and Lim, 2008), thus sug-
gesting that the use of regional anesthesia-analgesia exert their
beneficial immune effects by blocking the systemic release of cir-
culating catecholamines both intraoperatively and postopera-
tively (Koltun et al., 1996; Hong and Lim, 2008) because the
immune effects of regional anesthesia on the local tissue after tis-
sue injury are minimal (Carvalho et al., 2010). These results are
curious given that regional analgesia is thought to largely protect
immune function by reducing volatile anesthetic and opioid
requirements. And although the theory remains contentious (Rod-
gers et al., 2000; Lattermann et al., 2002; Caputo et al., 2009), re-
cent studies suggest that blocking sensory afferent and
sympathetic efferent nerves moderate the overall systemic
inflammatory and metabolic response to tissue injury. Along
those lines, it is worth remembering that catecholamines have
both pro- and anti-inflammatory effects. An effective sympathetic
block (anesthetic epidural block) can thus increase pro-inflamma-
tory cytokine concentrations (Sternberg, 2006). For example, sys-
temic concentrations of IL-6 are higher in cardiac surgery patients
given combined general-epidural anesthesia than in those given
general anesthesia and opioids (Heijmans et al., 2007). In con-
trast, a less dense epidural block or a peripheral anesthetic block
without effect on the sympathetic system may be associated with
lower or no change in the systemic concentrations of pro-inflam-
matory cytokines (Deegan et al., 2010).

To further complicate matters, the potential benefits of regional
anesthesia on the immune function and inflammatory response
may vary according to the regional analgesia technique (epidural
versus major plexus block, for example), block height in neuraxial
techniques (i.e., lumbar versus thoracic) and the local anesthetic
used (i.e., bupivacaine versus ropivacaine versus lidocaine) (Jahn
et al., 2001; Di Filippo et al., 2006). Moreover, the addition of opi-
oids to a local anesthetic mixture can provide a stronger blockade
to sensory input when administered neuraxially, and consequently
provoke less pain-mediated activation of the autonomic nervous
system (Goodarzi and Narasimhan, 2001). Interestingly, centrally
administered opioids can trigger the release of IL-6 through activa-
tion of the adrenal cortex (Bichel et al., 2000; Houghtling and
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Bayer, 2002) and thus possibly block tumor defenses more than
would be expected based on the relatively small opioid doses that
are given neuraxially.

Based on the current evidence, the addition of regional analge-
sia to general anesthetic techniques or its use as the main anes-
thetic technique may provide better control of the surgery-
induced stress than general anesthesia techniques per se. What re-
mains controversial is whether this potentially salutary effect on
the stress response translates into protection against cancer pro-
gression or recurrence.

8. Experimental and clinical studies of regional analgesia and
cancer recurrence

Based on the potential beneficial effects of regional anesthesia
on anti-tumor immunity, investigators have hypothesized that
the addition of regional anesthesia during cancer surgery may re-
duce the risk of cancer recurrence (Sessler, 2008). While there is
compelling immunologic support for this theory, animal evidence
remains limited. But there is some: for example, metastatic load
is reduced when surgery is performed in rodents under combined
spinal and general anesthesia compared with general anesthesia
alone (Bar-Yosef et al., 2001).

Current clinical evidence regarding the effect of regional anes-
thesia on long-term outcomes including cancer recurrence and
survival in patients with cancer is mostly retrospective (Table 1).
Five studies report a potential beneficial effect of using regional
anesthesia or analgesia on cancer recurrence. Briefly, the works
by Exadaktylos et al., Biki et al., Lin et al., and Wuethrich et al. dem-
onstrate that the use of combined general anesthesia and epidural
analgesia during breast, ovarian or prostate cancer surgery is asso-
ciated with a lower risk of cancer recurrence, improved progres-
Table 1
The table shows the clinical studies (all retrospectives) published in the literature. RR: rel

Author Cancer Intervention Sample
size

Primary Out

Myles (2011) Colon GA – i.v. Opioid 216 Recurrence-f
GA – epidural 230

Gottschalk (2010) Colon GA – epidural 256 Time to canc
GA – no epidural 253

Exadatkylos (2006) Breast GA – i.v. opioid 79 Metastatic s
recurrenceGA – paravertebral 50

Wuetrich (2010) Prostate GA – epidural
GA – i.v.
opioid + ketorolac

103
158

Time to bioc
recurrence
Clinical prog
survival
Cancer-speci
Overall surv

Tsui (2010) Prostate GA – epidural 49 Time to bioc
recurrenceGA – i.v. opioid 50

Biki (2008) Prostate GA – i.v. opioid 123 Time to bioc
recurrenceGA – epidural 102

Ismail (2010) Cervical Neuraxial anesthesia 63 Time to loca
recurrenceGeneral anesthesia 69

Schlagenhauff (2000) Melanoma Local anesthesia 2185 Cancer-free
General anesthesia 2136

Melchi (1995) Melanoma Local anesthesia 186 Cancer-free
G.A. – volatile
anesthesia

198

G.A. – neurolepto-
anesthesia

37

Lin (2011) Ovarian General anesthesia 106 Overall surv
Epidural anesthesia 37
sion-free survival, or overall survival (Exadaktylos et al., 2006;
Biki et al., 2008; Wuethrich et al., 2010; Lin et al., 2011). The largest
retrospective study, which included 4329 patients, demonstrates
that general (versus local) anesthesia for primary excision of mel-
anoma was independently associated with mortality (Schlagen-
hauff et al., 2000). It is likely, though, that smaller lesions were
chosen for excision under local anesthesia and that selection bias
contributed to the observed benefit. In contrast, four other retro-
spective studies did not identify a benefit of regional analgesia
on cancer recurrence (Melchi et al., 1995; Gottschalk et al., 2010;
Ismail et al., 2010; Tsui et al., 2010).

Each report that regional analgesia may be protective was retro-
spective, and each thus suffers the limitations of any retrospective
studies. These notably include selection bias. That is, at least some
patients were presumably non-randomly selected for regional
analgesia because their cancers appeared to be smaller or less ad-
vanced. Selection bias seems especially likely in the melanoma trial
where the choice of excision under local anesthesia was likely re-
served for smaller lesions and less extensive procedures — even
within a given clinical cancer stage. Confounding is another issue:
for example, regional analgesia may more often be offered (or ac-
cepted) in patients having higher socio-economic status — who
are also more likely to demand better ancillary care and thus suffer
fewer recurrences. Publication bias may also contribute in that
studies reporting a positive finding may more likely be accepted
by journal reviewers and editors. And finally, with one exception,
all the studies are too small, typically having only 49–256 patients
per group to take full advantage of recently developed statistical
tools such as propensity matching.

The MASTER trial was a randomized controlled study conducted
by the ANZCA Trials Group Investigators that evaluated the effect
of epidural anesthesia on short- and medium-term postoperative
ative risk, CI: confidence interval, GA: general anesthesia.

come RR (CI 95%) Conclusions

ree survival 0.95 (0.76–1.17) No significant differences between
groups

er recurrence 0.82 (0.49–1.35) No significant differences between
groups

pread or cancer 0.21 (0.06–0.71) Slower time to recurrence in the
paravertebral group

hemical

ression-free

fic survival
ival

1.14 (0.84–1.54)
0.45 (0.27–0.75)
0.45 (0.18–1.13)
0.61 (0.29–1.28)

No significant differences between
groups
Slower time to recurrence in the epidural
group
No significant differences between
groups
No significant differences between
groups

hemical 1.33 (0.64–2.77) No significant differences between
groups

hemical 0.43 (0.22–0.83) Epidural group had a significant lower
risk of recurrence

l or systemic 0.95 (0.54–1.67) No significant differences between
groups

survival 1.46 (1.21–1.76) Lower survival rate in the general
anesthesia group

survival 1.33 (0.84–2.1) Lower survival rate in the general
anesthesia group

ival 1.201 (1.01–1.50) Lower survival rate in the general
anesthesia group



Fig. 3. The figure illustrates Kaplan–Meier recurrence-free survival estimates for
230 and 216 patients given epidural and no epidural anesthesia, respectively during
cancer surgery (mostly colorectal cancer). Recurrence-free survival was nor
statistically significant differences between both groups of patients, RR (95%
CI) = 0.95 (0.76 to 1.17), p = 0.61. Reprinted with permission.
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outcomes (Rigg et al., 2002). In that trial, patients were randomly
assigned to general anesthesia alone with opioid analgesia or to
general anesthesia combined with epidural anesthesia and postop-
erative analgesia. At least in a sub-group of participants, postoper-
ative opioid use differed substantially, being a median of 0 mg
morphine in the epidural group and a median of 107 mg in patients
assigned to general anesthesia alone. A group of investigators re-
cently completed a long-term follow-up evaluation of 446 cancer
patients who participated in the original trial (Myles et al., 2011).
A variety of cancers were represented, but colon cancer was by
far the most common. This analysis was not planned as part of
the original study, but is currently the only substantive random-
ized data addressing the theory that regional analgesia may reduce
the risk of cancer recurrence. The results, though, demonstrate that
epidural anesthesia-analgesia did not improve cancer recurrence
or survival (Myles et al., 2011) (Fig. 3).

Available human data related to regional analgesia and cancer
recurrence thus remains limited. Most studies are retrospective
and small, and only half support the theory. All the retrospective
studies suffer the major limitations of observational analyses.
The only randomized data were distinctly negative. At the time
of the writing of this manuscript, no prospective randomized trials
have been completed which test the hypothesis that the use or
addition of regional analgesia during and after oncological surgery
improves long-term outcomes in patients with cancer. However,
two randomized clinical trials are in progress.

9. Conclusion

The effects of regional anesthesia on the immune system re-
main controversial, as are its effects on cancer recurrence. Present
information does not categorically support the use of regional
analgesia to reduce the risk of recurrence after cancer surgery. It
remains possible that the use of selected types of regional analge-
sia may protect against progression or recurrence of specific tumor
types. However, this theory remains to be adequately evaluated in
randomized clinical trials.

Conflict of interest statement

The authors do not have conflicts of interest to declare.

References

Ahlers O, Nachtigall I, Lenze J, Goldmann A, Schulte E, Hohne C, et al. Intraoperative
thoracic epidural anaesthesia attenuates stress-induced immunosuppression in
patients undergoing major abdominal surgery. Br J Anaesth 2008;101:781–7.
Akural EI, Salomaki TE, Bloigu AH, Ryhanen P, Tekay AH, Alahuhta SM, et al. The
effects of pre-emptive epidural sufentanil on human immune function. Acta
Anaesthesiol Scand 2004;48:750–5.

Almog N. Molecular mechanisms underlying tumor dormancy. Cancer Lett
2010;294:139–46.

Arias JI, Aller MA, Arias J. The use of inflammation by tumor cells. Cancer
2005;104:223–8.

Baeriswyl V, Christofori G. The angiogenic switch in carcinogenesis. Semin Cancer
Biol 2009;19:329–37.

Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow? Lancet
2001;357:539–45.

Bar-Yosef S, Melamed R, Page GG, Shakhar G, Shakhar K, Ben-Eliyahu S. Attenuation
of the tumor-promoting effect of surgery by spinal blockade in rats.
Anesthesiology 2001;94:1066–73.

Bartal I, Melamed R, Greenfeld K, Atzil S, Glasner A, Domankevich V, Naor R, Beilin B,
Yardeni IZ, Ben-Eliyahu S. Immune perturbations in patients along the
perioperative period: alterations in cell surface markers and leukocyte
subtypes before and after surgery. Brain Behav Immun 2010;24:376–86.

Baxevanis CN, Papilas K, Dedoussis GV, Pavlis T, Papamichail M. Abnormal cytokine
serum levels correlate with impaired cellular immune responses after surgery.
Clin Immunol Immunopathol 1994;71:82–8.

Beagles K, Wellstein A, Bayer B. Systemic morphine administration suppresses
genes involved in antigen presentation. Mol Pharmacol 2004;65:437–42.

Beilin B, Bessler H, Mayburd E, Smirnov G, Dekel A, Yardeni I, et al. Effects of
preemptive analgesia on pain and cytokine production in the postoperative
period. Anesthesiology 2003;98:151–5.

Beilin B, Shavit Y, Hart J, Mordashov B, Cohn S, Notti I, et al. Effects of anesthesia
based on large versus small doses of fentanyl on natural killer cell cytotoxicity
in the perioperative period. Anesth Analg 1996;82:492–7.

Ben-Eliyahu S, Page GG, Yirmiya R, Shakhar G. Evidence that stress and surgical
interventions promote tumor development by suppressing natural killer cell
activity. Int J Cancer 1999;80:880–8.

Berzofsky JA, Terabe M. The contrasting roles of NKT cells in tumor immunity. Curr
Mol Med 2009;9:667–72.

Bichel T, Rouge JC, Schlegel S, Spahr-Schopfer I, Kalangos A. Epidural sufentanil
during paediatric cardiac surgery: effects on metabolic response and
postoperative outcome. Paediatr Anaesth. 2000;10:609–17.

Biki B, Mascha E, Moriarty DC, Fitzpatrick JM, Sessler DI, Buggy DJ. Anesthetic
technique for radical prostatectomy surgery affects cancer recurrence. a
retrospective analysis. Anesthesiology 2008;109:180–7.

Bonnet MP, Beloeil H, Benhamou D, Mazoit JX, Asehnoune K. The mu opioid
receptor mediates morphine-induced tumor necrosis factor and interleukin-6
inhibition in toll-like receptor 2-stimulated monocytes. Anesth Analg
2008;106:1142–9. table of contents.

Borendal Wodlin N, Nilsson L, Kjolhede P. The impact of mode of anaesthesia on
postoperative recovery from fast-track abdominal hysterectomy: a randomised
clinical trial. Bjog 2011;118:299–308.

Brand JM, Frohn C, Luhm J, Kirchner H, Schmucker P. Early alterations in the number
of circulating lymphocyte subpopulations and enhanced proinflammatory
immune response during opioid-based general anesthesia. Shock
2003;20:213–7.

Brand JM, Kirchner H, Poppe C, Schmucker P. The effects of general anesthesia on
human peripheral immune cell distribution and cytokine production. Clin
Immunol Immunopathol 1997;83:190–4.

Braun S, Gaza N, Werdehausen R, Hermanns H, Bauer I, Durieux ME, et al. Ketamine
induces apoptosis via the mitochondrial pathway in human lymphocytes and
neuronal cells. Br J Anaesth 2010;105:347–54.

Caputo M, Alwair H, Rogers CA, Ginty M, Monk C, Tomkins S, et al. Myocardial,
inflammatory, and stress responses in off-pump coronary artery bypass graft
surgery with thoracic epidural anesthesia. Ann Thor Surg 2009;87:1119–26.

Carter JJ, Whelan RL. The immunologic consequences of laparoscopy in oncology.
Surg Oncol Clin N Am 2001;10:655–77.

Carvalho B, Aleshi P, Horstman DJ, Angst MS. Effect of a preemptive femoral nerve
block on cytokine release and hyperalgesia in experimentally inflamed skin of
human volunteers. Region Anesth Pain Med 2010;35:514–9.

Chang PJ, Chen MY, Huang YS, Lee CH, Huang CC, Lam CF, et al. Morphine enhances
tissue content of collagen and increases wound tensile strength. J Anesth
2010;24:240–6.

Chew V, Tow C, Teo M, Wong HL, Chan J, Gehring A, Loh M, et al. Inflammatory
tumour microenvironment is associated with superior survival in
hepatocellular carcinoma patients. J Hepatol 2010;52:370–9.

Ciepichal J, Kubler A. Effect of general and regional anesthesia on some neutrophil
functions. Arch Immunol Ther Exp (Warsz) 1998;46:183–92.

Cook-Mills JM, Cohen RL, Perlman RL, Chambers DA. Inhibition of lymphocyte
activation by catecholamines: evidence for a non-classical mechanism of
catecholamine action. Immunology 1995;85:544–9.

Corsi M, Mariconti P, Calvillo L, Falchi M, Tiengo M, Ferrero ME. Influence of
inhalational, neuroleptic and local anaesthesia on lymphocyte subset
distribution. Int J Tissue React 1995;17:211–7.

Coussens LM, Werb Z. Inflammation and cancer. Nature 2002;420:860–7.
Cronin AJ, Aucutt-Walter NM, Budinetz T, Bonafide CP, DiVittore NA, Gordin V, et al.

Low-dose remifentanil infusion does not impair natural killer cell function in
healthy volunteers. Br J Anaesth 2003;91:805–9.

Cunningham D, Oliveira J. Gastric cancer: ESMO clinical recommendations for
diagnosis, treatment and follow-up. Ann Oncol 2008;19(Suppl.
2):ii23–=0?>ii24.



J.P. Cata et al. / European Journal of Pain Supplements 5 (2011) 345–355 353
de Lima CB, Sakai M, Latorre AO, Moreau RL, Palermo-Neto J. Effects of different
doses and schedules of diazepam treatment on lymphocyte parameters in rats.
Int Immunopharmacol 2010;10:1335–43.

Deegan CA, Murray D, Doran P, Ecimovic P, Moriarty DC, Buggy DJ. Effect of
anaesthetic technique on oestrogen receptor-negative breast cancer cell
function in vitro. Br J Anaesth 2009;103:685–90.

Deegan CA, Murray D, Doran P, Moriarty DC, Sessler DI, Mascha E, et al. Anesthetic
technique and the cytokine and matrix metalloproteinase response to primary
breast cancer surgery. Reg Anesth Pain Med 2010;35:490–5.

Di Filippo A, Natale V, Del Po F, Ciapetti M, Bressan F, Falchi S. Skin temperature
during sympathetic block: a clinical comparison of bupivacaine 0.5% and
ropivacaine 0.5% or 0.75%. Anaesth Intensive Care 2006;34:334–7.

Diehl S, Rincon M. The two faces of IL-6 on Th1/Th2 differentiation. Mol Immunol
2002;39:531–6.

Dimitrov S, Lange T, Born J. Selective mobilization of cytotoxic leukocytes by
epinephrine. J Immunol 2010;184:503–11.

Dinarello CA. Interleukin-1, interleukin-1 receptors and interleukin-1 receptor
antagonist. Int Rev Immunol 1998;16:457–99.

Ellyard JI, Simson L, Parish CR. Th2-mediated anti-tumour immunity: friend or foe?
Tissue Antigens 2007;70:1–11.

Engler H, Dawils L, Hoves S, Kurth S, Stevenson JR, Schauenstein K, et al. Effects of
social stress on blood leukocyte distribution: the role of alpha- and beta-
adrenergic mechanisms. J Neuroimmunol 2004;156:153–62.

Erhard H, Rietveld FJ, van Altena MC, Brocker EB, Ruiter DJ, de Waal RM. Transition
of horizontal to vertical growth phase melanoma is accompanied by induction
of vascular endothelial growth factor expression and angiogenesis. Melanoma
Res 1997;7(Suppl. 2):S19–26.

Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. Can anesthetic
technique for primary breast cancer surgery affect recurrence or metastasis?
Anesthesiology 2006;105:660–4.

Finke JH, Rini B, Ireland J, Rayman P, Richmond A, Golshayan A, et al. Sunitinib
reverses type-1 immune suppression and decreases T-regulatory cells in renal
cell carcinoma patients. Clini Cancer Res: Off J Am Assoc Cancer Res
2008;14:6674–82.

Forget P, Collet V, Lavand’homme P, De Kock M. Does analgesia and condition
influence immunity after surgery? Effects of fentanyl, ketamine and clonidine
on natural killer activity at different ages. Eur J Anaesthesiol 2010;27:233–40.

Franchi S, Panerai AE, Sacerdote P. Buprenorphine ameliorates the effect of surgery
on hypothalamus-pituitary-adrenal axis, natural killer cell activity and
metastatic colonization in rats in comparison with morphine or fentanyl
treatment. Brain Behav Immun 2007;21:767–74.

Gogos CA, Drosou E, Bassaris HP, Skoutelis A. Pro- versus anti-inflammatory
cytokine profile in patients with severe sepsis: a marker for prognosis and
future therapeutic options. J Infect Dis 2000;181:176–80.

Goodarzi M, Narasimhan RR. The effect of large-dose intrathecal opioids on the
autonomic nervous system. Anesth analg 2001;93:456–9 [454th contents page].

Gottschalk A, Ford JG, Regelin CC, You J, Mascha EJ, Sessler DI, et al. Association
between epidural analgesia and cancer recurrence after colorectal cancer
surgery. Anesthesiology 2010;113:27–34.

Greeneltch KM, Kelly-Welch AE, Shi Y, Keegan AD. Chronic morphine treatment
promotes specific Th2 cytokine production by murine T cells in vitro via a Fas/
Fas ligand-dependent mechanism. J Immunol 2005;175:4999–5005.

Greenfeld K, Avraham R, Benish M, Goldfarb Y, Rosenne E, Shapira Y, et al. Immune
suppression while awaiting surgery and following it: dissociations between
plasma cytokine levels, their induced production, and NK cell cytotoxicity. Brain
Behav Immun 2007;21:503–13.

Greisen J, Hokland M, Grofte T, Hansen PO, Jensen TS, Vilstrup H, et al. Acute pain
induces an instant increase in natural killer cell cytotoxicity in humans and this
response is abolished by local anaesthesia. Br J Anaesth 1999;83:235–40.

Gupta K, Kshirsagar S, Chang L, Schwartz R, Law PY, Yee D, et al. Morphine
stimulates angiogenesis by activating proangiogenic and survival-promoting
signaling and promotes breast tumor growth. Cancer Res 2002;62:4491–8.

Hasko G, Szabo C. Regulation of cytokine and chemokine production by transmitters
and co-transmitters of the autonomic nervous system. Biochem Pharmacol
1998;56:1079–87.

Heidecke CD, Hensler T, Weighardt H, Zantl N, Wagner H, Siewert JR, et al. Selective
defects of T lymphocyte function in patients with lethal intraabdominal
infection. Am J Surg 1999;178:288–92.

Heijmans J, Fransen E, Buurman W, Maessen J, Roekaerts P. Comparison of the
modulatory effects of four different fast-track anesthetic techniques on the
inflammatory response to cardiac surgery with cardiopulmonary bypass. J
Cardiothorac Vasc Anesth 2007;21:512–8.

Helmy SA, Wahby MA, El-Nawaway M. The effect of anaesthesia and surgery on
plasma cytokine production. Anaesthesia 1999;54:733–8.

Hipp MM, Hilf N, Walter S, Werth D, Brauer KM, Radsak MP, et al. Sorafenib, but not
sunitinib, affects function of dendritic cells and induction of primary immune
responses. Blood 2008;111:5610–20.

Hong JY, Lim KT. Effect of preemptive epidural analgesia on cytokine response and
postoperative pain in laparoscopic radical hysterectomy for cervical cancer. Reg
Anesth Pain Med 2008;33:44–51.

Hong JY, Yang SC, Yi J, Kil HK. Epidural ropivacaine and sufentanil and the
perioperative stress response after a radical retropubic prostatectomy. Acta
Anaesthesiol Scand 2011;55:282–9.

Houghtling RA, Bayer BM. Rapid elevation of plasma interleukin-6 by morphine is
dependent on autonomic stimulation of adrenal gland. J Pharmacol Exp Ther
2002;300:213–9.
Huang M, Wang J, Lee P, Sharma S, Mao JT, Meissner H, et al. Human non-small cell
lung cancer cells express a type 2 cytokine pattern. Cancer Res
1995;55:3847–53.

Ismail H, Ho KM, Narayan K, Kondalsamy-Chennakesavan S. Effect of neuraxial
anaesthesia on tumour progression in cervical cancer patients treated with
brachytherapy: a retrospective cohort study. Br J Anaesth 2010;105:145–9.

Jahn UR, Waurick R, Van Aken H, Hinder F, Booke M, Bone HG, et al. Thoracic, but
not lumbar, epidural anesthesia improves cardiopulmonary function in ovine
pulmonary embolism. Anesth Analge 2001;93:1460–5. table of contents.

Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin
2010;60:277–300.

Johnson B, Osada T, Clay T, Lyerly H, Morse M. Physiology and therapeutics of
vascular endothelial growth factor in tumor immunosuppression. Curr Mol Med
2009;9:702–7.

Joshi BH, Hogaboam C, Dover P, Husain SR, Puri RK. Role of interleukin-13 in cancer,
pulmonary fibrosis, and other T(H)2-type diseases. Vitam Horm
2006;74:479–504.

Jung IK, Kim MC, Kim KH, Kwak JY, Jung GJ, Kim HH. Cellular and peritoneal immune
response after radical laparoscopy-assisted and open gastrectomy for gastric
cancer. J Surg Oncol 2008;98:54–9.

Kawasaki T, Ogata M, Kawasaki C, Okamoto K, Sata T. Effects of epidural anaesthesia
on surgical stress-induced immunosuppression during upper abdominal
surgery. Br J Anaesth 2007;98:196–203.

Kim MH, Hahm TS. Plasma levels of interleukin-6 and interleukin-10 are affected by
ketorolac as an adjunct to patient-controlled morphine after abdominal
hysterectomy. Clin J Pain 2001;17:72–7.

Klokker M, Kjaer M, Secher NH, Hanel B, Worm L, Kappel M, Pedersen BK. Natural
killer cell response to exercise in humans: effect of hypoxia and epidural
anesthesia. J Appl Physiol 1995;78:709–16.

Koebel CM, Vermi W, Swann JB, Zerafa N, Rodig SJ, Old LJ, et al. Adaptive immunity
maintains occult cancer in an equilibrium state. Nature 2007;450:903–7.

Koltun WA, Bloomer MM, Tilberg AF, Seaton JF, Ilahi O, Rung G, et al. Awake
epidural anesthesia is associated with improved natural killer cell cytotoxicity
and a reduced stress response. Am J Surg 1996;171:68–72 [discussion 72-63].

Kong B, Michalski CW, Friess H, Kleeff J. Surgical procedure as an inducer of tumor
angiogenesis. Exp Oncol 2010;32:186–9.

Kopf M, Baumann H, Freer G, Freudenberg M, Lamers M, Kishimoto T, et al. Impaired
immune and acute-phase responses in interleukin-6-deficient mice. Nature
1994;368:339–42.

Kutza J, Gratz I, Afshar M, Murasko DM. The effects of general anesthesia and
surgery on basal and interferon stimulated natural killer cell activity of humans.
Anesth Analg 1997;85:918–23.

Laroux FS. Mechanisms of inflammation: the good, the bad and the ugly. Front
Biosci 2004;9:3156–62.

Lattermann R, Carli F, Schricker T. Epidural blockade suppresses lipolysis during
major abdominal surgery. Region Anesth Pain Med 2002;27:469–75.

Lazarczyk M, Matyja E, Lipkowski AW. A comparative study of morphine
stimulation and biphalin inhibition of human glioblastoma T98G cell
proliferation in vitro. Peptides 2010;31:1606–12.

Le Cras AE, Galley HF, Webster NR. Spinal but not general anesthesia increases the
ratio of T helper 1 to T helper 2 cell subsets in patients undergoing transurethral
resection of the prostate. Anesth Analg 1998;87:1421–5.

Lenz A, Franklin GA, Cheadle WG. Systemic inflammation after trauma. Injury
2007;38:1336–45.

Li Z, Chen L, Qin Z. Paradoxical roles of IL-4 in tumor immunity. Cell Mol Immunol
2009;6:415–22.

Limiroli E, Gaspani L, Panerai AE, Sacerdote P. Differential morphine tolerance
development in the modulation of macrophage cytokine production in mice. J
Leukoc Biol 2002;72:43–8.

Lin CY, Chuang TF, Liao KW, Huang YJ, Pai CC, Chu RM. Combined immunogene
therapy of IL-6 and IL-15 enhances anti-tumor activity through augmented NK
cytotoxicity. Cancer Lett 2008;272:285–95.

Lin L, Liu C, Tan H, Ouyang H, Zhang Y, Zeng W. Anaesthetic technique may affect
prognosis for ovarian serous adenocarcinoma: a retrospective analysis. Br J
Anaesth 2011;106:814–22.

Looney M, Doran P, Buggy DJ. Effect of anesthetic technique on serum vascular
endothelial growth factor C and transforming growth factor beta in women
undergoing anesthesia and surgery for breast cancer. Anesthesiology
2010;113:1118–25.

Loop T, Dovi-Akue D, Frick M, Roesslein M, Egger L, Humar M, et al. Volatile
anesthetics induce caspase-dependent, mitochondria-mediated apoptosis in
human T lymphocytes in vitro. Anesthesiology 2005;102:1147–57.

Lundy J, Lovett 3rd EJ, Hamilton S, Conran P. Halothane, surgery, immunosuppression
and artificial pulmonary metastases. Cancer 1978;41:827–30.

Mack VE, McCarter MD, Naama HA, Calvano SE, Daly JM. Dominance of T-helper 2-
type cytokines after severe injury. Arch Surg 1996;131:1303–8. discussion
1308–9.

Malatinsky J, Vigas M, Jurcovicova J, Jezova D, Garayova S, Minarikova M. The
patterns of endocrine response to surgical stress during different types of
anesthesia and surgery in man. Acta Anaesthesiol Belg 1986;37:23–32.

Malek TR, Bayer AL. Tolerance, not immunity, crucially depends on IL-2. Nat Rev
Immunol 2004;4:665–74.

Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature
2008;454:436–44.

Marana E, Scambia G, Maussier ML, Parpaglioni R, Ferrandina G, Meo F, et al.
Neuroendocrine stress response in patients undergoing benign ovarian cyst



354 J.P. Cata et al. / European Journal of Pain Supplements 5 (2011) 345–355
surgery by laparoscopy, minilaparotomy, and laparotomy. J Am Assoc Gynecol
Laparosc 2003;10:159–65.

Marana R, Margutti F, Catalano GF, Marana E. Stress responses to endoscopic
surgery. Curr Opin Obstet Gynecol 2000;12:303–7.

Markovic SN, Knight PR, Murasko DM. Inhibition of interferon stimulation of natural
killer cell activity in mice anesthetized with halothane or isoflurane.
Anesthesiology 1993;78:700–6.

Martin F, Martinez V, Mazoit JX, Bouhassira D, Cherif K, et al. Antiinflammatory
effect of peripheral nerve blocks after knee surgery: clinical and biologic
evaluation. Anesthesiology 2008;109:484–90.

Martucci C, Franchi S, Lattuada D, Panerai AE, Sacerdote P. Differential involvement
of RelB in morphine-induced modulation of chemotaxis, NO, and cytokine
production in murine macrophages and lymphocytes. J Leukoc Biol
2007;81:344–54.

Mathew B, Lennon FE, Siegler J, Mirzapoiazova T, Mambetsariev N, Sammani S,
Gerhold LM, et al. The novel role of the mu opioid receptor in lung cancer
progression: a laboratory investigation. Anesth Analg 2011;112:558–67.

Matsuoka H, Kurosawa S, Horinouchi T, Kato M, Hashimoto Y. Inhalation
anesthetics induce apoptosis in normal peripheral lymphocytes in vitro.
Anesthesiology 2001;95:1467–72.

Melamed R, Bar-Yosef S, Shakhar G, Shakhar K, Ben-Eliyahu S. Suppression of
natural killer cell activity and promotion of tumor metastasis by ketamine,
thiopental, and halothane, but not by propofol: mediating mechanisms and
prophylactic measures. Anesth Analg 2003;97(5):1331–9.

Melamed R, Rosenne E, Shakhar K, Schwartz Y, Abudarham N, Ben-Eliyahu S.
Marginating pulmonary-NK activity and resistance to experimental tumor
metastasis: suppression by surgery and the prophylactic use of a beta-
adrenergic antagonist and a prostaglandin synthesis inhibitor. Brain Behav
Immun 2005;19:114–26.

Melchi CF, Mele A, Baliva G, Scio M, Fucci, M, et al. Prognostic value of anesthesia
type for patients treated for cutaneous melanoma. Dermatol Surg: Off Pub Am
Soc Dermatol Surg 1995;21:786–8.

Messmer D, Hatsukari I, Hitosugi N, Schmidt-Wolf IG, Singhal PC. Morphine
reciprocally regulates IL-10 and IL-12 production by monocyte-derived human
dendritic cells and enhances T cell activation. Mol Med 2006;12:284–90.

Miller CH, Maher SG, Young HA. Clinical use of interferon-gamma. Ann NY Acad Sci
2009;1182:69–79.

Mills PJ, Dimsdale JE, Nelesen RA, Dillon E. Psychologic characteristics associated
with acute stressor-induced leukocyte subset redistribution. J Psychosom Res
1996;40:417–23.

Mojadadi S, Jamali A, Khansarinejad B, Soleimanjahi H, Bamdad T. Acute morphine
administration reduces cell-mediated immunity and induces reactivation of
latent herpes simplex virus type 1 in BALB/c mice. Cell Molecul Immunol
2009a;6:111–6.

Mojadadi S, Jamali A, Khansarinejad B, Soleimanjahi H, Bamdad T. Acute morphine
administration reduces cell-mediated immunity and induces reactivation of
latent herpes simplex virus type 1 in BALB/c mice. Cell Mol Immunol
2009b;6:111–6.

Moore FA. Presidential address: imagination trumps knowledge. Am J Surg
2010;200:671–7.

Mosmann TR, Cherwinski H, Bond MW, Giedlin MA, Coffman RL. Two types of
murine helper T cell clone. I. Definition according to profiles of lymphokine
activities and secreted proteins. J Immunol 1986;136:2348–57.

Moucha CS, Clyburn T, Evans RP, Prokuski L. Modifiable risk factors for surgical site
infection. J Bone Joint Surg American Volume 2011;93:398–404.

Mulligan JK, Rosenzweig SA, Young MR. Tumor secretion of VEGF induces
endothelial cells to suppress T cell functions through the production of PGE2.
J Immun 2010;33:126–35.

Murray DR, Polizzi SM, Harris TJ, Maisel AS. Myocardial ischemia alters
immunoregulatory cell traffic and function in the rat independent of
exogenous catecholamine administration. J Neuroimmunol 1996;71:107–13.

Myles PS, Peyton P, Silbert B, Hunt J, Rigg JR, Sessler DI. Perioperative epidural
analgesia for major abdominal surgery for cancer and recurrence-free survival:
randomised trial. BMJ 2011;342:d1491.

Naito Y, Tamai S, Shingu K, Shindo K, Matsui T, Segawa H, et al. Responses of plasma
adrenocorticotropic hormone, cortisol, and cytokines during and after upper
abdominal surgery. Anesthesiology 1992;77:426–31.

Naor R, Domankevich V, Shemer S, Sominsky L, Rosenne E, Levi B, et al. Metastatic-
promoting effects of LPS: sexual dimorphism and mediation by catecholamines
and prostaglandins. Brain Behav Immun 2009;23:611–21.

Neufeld G, Kessler O. Pro-angiogenic cytokines and their role in tumor angiogenesis.
Cancer Metastasis Rev 2006;25:373–85.

Ni Choileain N, Redmond HP. Cell response to surgery. Arch Surg
2006;141:1132–40.

Nomoto Y, Karasawa S, Uehara K. Effects of hydrocortisone and adrenaline on
natural killer cell activity. Br J Anaesth 1994;73:318–21.

Norgaard P, Hougaard S, Poulsen HS, Spang-Thomsen M. Transforming growth
factor beta and cancer. Cancer Treat Rev 1995;21:367–403.

Ohta N, Ohashi Y, Fujino Y. Ketamine inhibits maturation of bone marrow-derived
dendritic cells and priming of the Th1-type immune response. Anesth Analg
2009;109:793–800.

Opal SM, DePalo VA. Anti-inflammatory cytokines. Chest 2000;117:1162–72.
Osada T, Chong G, Tansik R, Hong T, Spector N, Kumar R, et al. The effect of anti-

VEGF therapy on immature myeloid cell and dendritic cells in cancer patients.
Cancer Immunol Immunother 2008;CII(57):1115–24.
Pacifici R, di Carlo S, Bacosi A, Pichini S, Zuccaro P. Pharmacokinetics and cytokine
production in heroin and morphine-treated mice. Int J Immunopharmacol
2000;22:603–14.

Page GG, Ben-Eliyahu S. Increased surgery-induced metastasis and suppressed
natural killer cell activity during proestrus/estrus in rats. Breast Cancer Res
Treat 1997;45:159–67.

Pallis AG, Gridelli C, van Meerbeeck JP, Greillier L, Wedding U, et al. EORTC Elderly
Task Force and Lung Cancer Group and International Society for Geriatric
Oncology (SIOG) experts’ opinion for the treatment of non-small-cell lung
cancer in an elderly population. Ann Oncol 2011;21:692–706.

Peng X, Mosser DM, Adler MW, Rogers TJ, Meissler Jr JJ, Eisenstein TK. Morphine
enhances interleukin-12 and the production of other pro-inflammatory
cytokines in mouse peritoneal macrophages. J Leukoc Biol 2000;68:723–8.

Pepper MS. Transforming growth factor-beta: vasculogenesis, angiogenesis, and
vessel wall integrity. Cytokine Growth Factor Rev 1997;8:21–43.

Pirttikangas CO, Perttila J, Salo M, Vainio O, Liukko-Sipi S. Propofol infusion
anaesthesia and immune response in minor surgery. Anaesthesia
1994;49:13–6.

Procopio MA, Rassias AJ, DeLeo JA, Pahl J, Hildebrandt L, Yeager MP. The in vivo
effects of general and epidural anesthesia on human immune function. Anesth
Analg 2001;93:460–5. 464th contents page.

Ren XF, Li WZ, Meng FY, Lin CF. Differential effects of propofol and isoflurane on the
activation of T-helper cells in lung cancer patients. Anaesthesia
2010;65:478–82.

Richardson J, Lonnqvist PA, Naja Z. Bilateral thoracic paravertebral block: potential
and practice. Br J Anaesth 2011;106:164–71.

Rigg JR, Jamrozik K, Myles PS, Silbert BS, Peyton PJ, Parsons RW, et al. Epidural
anaesthesia and analgesia and outcome of major surgery: a randomised trial.
Lancet 2002;359:1276–82.

Rodgers A, Walker N, Schug S, McKee A, Kehlet H, van Zundert A, et al. Reduction of
postoperative mortality and morbidity with epidural or spinal anaesthesia:
results from overview of randomised trials. BMJ 2000;321:1493.

Rodriguez GC, Haisley C, Hurteau J, Moser TL, Whitaker R, Bast Jr RC, et al.
Regulation of invasion of epithelial ovarian cancer by transforming growth
factor-beta. Gynecol Oncol 2001;80:245–53.

Roesslein M, Frick M, Auwaerter V, Humar M, Goebel U, Schwer C, et al.
Sevoflurane-mediated activation of p38-mitogen-activated stresskinase is
independent of apoptosis in Jurkat T-cells. Anesth Analg 2008;106:1150–60.
table of contents.

Roy S, Balasubramanian S, Sumandeep S, Charboneau R, Wang J, Melnyk D, et al.
Morphine directs T cells toward T(H2) differentiation. Surgery 2001;130:304–9.

Roy S, Chapin RB, Cain KJ, Charboneau RG, Ramakrishnan S, Barke RA. Morphine
inhibits transcriptional activation of IL-2 in mouse thymocytes. Cell Immunol
1997;179:1–9.

Sacerdote P. Opioids and the immune system. Palliat Med 2006;20(Suppl.
1):s9–s15.

Sacerdote P, Bianchi M, Gaspani L, Manfredi B, Maucione A, Terno G, et al. The
effects of tramadol and morphine on immune responses and pain after surgery
in cancer patients. Anesth Analg 2000a;90:1411–4.

Sacerdote P, Manfredi B, Gaspani L, Panerai AE. The opioid antagonist naloxone
induces a shift from type 2 to type 1 cytokine pattern in BALB/cJ mice. Blood
2000b;95:2031–6.

Sad S, Marcotte R, Mosmann TR. Cytokine-induced differentiation of precursor
mouse CD8+ T cells into cytotoxic CD8+ T cells secreting Th1 or Th2 cytokines.
Immunity 1995;2:271–9.

Salo M, Pirttikangas CO, Pulkki K. Effects of propofol emulsion and thiopentone on T
helper cell type-1/type-2 balance in vitro. Anaesthesia 1997;52:341–4.

Schlagenhauff B, Ellwanger U, Breuninger H, Stroebel W, Rassner G, Garbe C.
Prognostic impact of the type of anaesthesia used during the excision of
primary cutaneous melanoma. Melanoma Res 2000;10:165–9.

Schricker T, Carli F, Schreiber M, Laftermann R, Georgieff M. Time of peritoneal
cavity exposure influences postoperative glucose production. Can J Anaesth J
Can d’anesth 1999;46:352–8.

Scott M, Carr DJ. Morphine suppresses the alloantigen-driven CTL response in a
dose-dependent and naltrexone reversible manner. J Pharmacol Exp Ther
1996;278:980–8.

Sessler DI. Does regional analgesia reduce the risk of cancer recurrence? A
hypothesis. Eur J Cancer Prev 2008;17:269–72.

Singleton PA, Lingen MW, Fekete MJ, Garcia JG, Moss J. Methylnaltrexone inhibits
opiate and VEGF-induced angiogenesis: role of receptor transactivation.
Microvasc Res 2006;72:3–11.

Sternberg EM. Neural regulation of innate immunity: a coordinated nonspecific host
response to pathogens. Nat Rev Immunol 2006;6:318–28.

Szlosarek P, Charles KA, Balkwill FR. Tumour necrosis factor-alpha as a tumour
promoter. Eur J Cancer 2006;42:745–50.

Talmadge JE, Meyers KM, Prieur DJ, Starkey JR. Role of NK cells in tumour growth
and metastasis in beige mice. Nature 1980;284:622–4.

Tsui BC, Rashiq S, Schopflocher D, Murtha A, Broemling S, Pillay J, et al. Epidural
anesthesia and cancer recurrence rates after radical prostatectomy. Can J
Anaesthe J Can d’anesthe 2010;57:107–12.

Tu S, Bhagat G, Cui G, Takaishi S, Kurt-Jones EA, Rickman B, et al. Overexpression of
interleukin-1beta induces gastric inflammation and cancer and mobilizes
myeloid-derived suppressor cells in mice. Cancer Cell 2008;14:408–19.

Udagawa T. Tumor dormancy of primary and secondary cancers. Apmis
2008;116:615–28.



J.P. Cata et al. / European Journal of Pain Supplements 5 (2011) 345–355 355
Van der Poll T, Lowry SF. Epinephrine inhibits endotoxin-induced IL-1 beta
production: roles of tumor necrosis factor-alpha and IL-10. Am J Physiol
1997;273:R1885–1890.

van Sandick JW, Boermeester MA, Gisbertz SS, ten Berge IJ, Out TA, w Kraan TC, et al.
Lymphocyte subsets and T(h)1/T(h)2 immune responses in patients with
adenocarcinoma of the oesophagus or oesophagogastric junction: relation to
pTNM stage and clinical outcome. Cancer Immunol Immunother: CII
2003a;52:617–24.

van Sandick JW, Gisbertz SS, ten Berge IJ, Boermeester MA, w Kraan TC, Out TA,
Obertop H, van Lanschot JJ. Immune responses and prediction of major infection
in patients undergoing transhiatal or transthoracic esophagectomy for cancer.
Ann. Surg. 2003b;237:35–43.

Vanni G, Tacconi F, Sellitri F, Ambrogi V, Mineo TC, Pompeo E. Impact of awake
videothoracoscopic surgery on postoperative lymphocyte responses. Ann
Thorac Surg 2010;90:973–8.

Volk T, Dopfmer UR, Schmutzler M, Rimpau S, Schnitzler H, Konertz W, et al. Stress
induced IL-10 does not seem to be essential for early monocyte deactivation
following cardiac surgery. Cytokine 2003;24:237–43.

Volk T, Schenk M, Voigt K, Tohtz S, Putzier M, Kox WJ. Postoperative epidural
anesthesia preserves lymphocyte, but not monocyte, immune function after
major spine surgery. Anesth Analg 2004;98:1086–92. table of contents.

Wang T, Niu G, Kortylewski M, Burdelya L, Shain K, Zhang S, et al. Regulation of the
innate and adaptive immune responses by Stat-3 signaling in tumor cells. Nat
Med 2004;10:48–54.

Wang ZY, Wang CQ, Yang JJ, Sun J, Huang YH, Tang QF, et al. Which has the least
immunity depression during postoperative analgesia–morphine, tramadol, or
tramadol with lornoxicam? Clin Chim Acta; Int J Clin Chem 2006;369:40–5.

Wei M, Li L, Meng R, Fan Y, Liu Y, Tao L, et al. Suppressive effect of diazepam on IFN-
gamma production by human T cells. Int Immunopharmacol 2010;10:267–71.

Whelan P, Morris PJ. Immunological responsiveness after transurethral resection of
the prostate: general versus spinal anaesthetic. Clin Exp Immunol
1982;48:611–8.
Whitson BA, D’Cunha J, Andrade RS, Kelly RF, Groth SS, Wu B, et al. Thoracoscopic
versus thoracotomy approaches to lobectomy: differential impairment of
cellular immunity. Ann Thorac Surg 2008;86:1735–44.

Woiciechowsky C, Schoning B, Lanksch WR, Volk HD, Docke WD. Mechanisms of
brain-mediated systemic anti-inflammatory syndrome causing
immunodepression. J Mol Med 1999;77:769–80.

Wu Y, Wang Y, Zhan J. Effects of remifentanyl and fentanyl on LPS-induced cytokine
release in human whole blood in vitro. Mol Biol Rep 2009;36:1113–7.

Wuethrich PY, Hsu Schmitz SF, Kessler TM, Thalmann GN, Studer UE, Stueber F,
et al. Potential influence of the anesthetic technique used during open radical
prostatectomy on prostate cancer-related outcome: a retrospective study.
Anesthesiology 2010;113:570–6.

Yardeni IZ, Beilin B, Mayburd E, Alcalay Y, Bessler H. Relationship between fentanyl
dosage and immune function in the postoperative period. J Opioid Manag
2008;4:27–33.

Yokota T, Uehara K, Nomoto Y. Addition of noradrenaline to intrathecal morphine
augments the postoperative suppression of natural killer cell activity. J Anesth
2004;18:190–5.

Yokoyama M, Itano Y, Katayama H, Morimatsu H, Takeda Y, Takahashi T, et al. The
effects of continuous epidural anesthesia and analgesia on stress response and
immune function in patients undergoing radical esophagectomy. Anesth Analg
2005;101:1521–7.

Yuki K, Astrof NS, Bracken C, Soriano SG, Shimaoka M. Sevoflurane binds and
allosterically blocks integrin lymphocyte function-associated antigen-1.
Anesthesiology 2010;113:600–9.

Zografos GC, Zagouri F, Sergentanis TN, Giannakopoulou G, Provatopoulou X,
Kalogera E, Papadimitriou C, Filippakis G, Sagkriotis A, Bramis J, Gounaris A.
Excisional breast biopsy under local anesthesia: stress-related neuroendocrine,
metabolic and immune reactions during the procedure. In Vivo
2009;23:649–52.


	How regional analgesia might reduce postoperative cancer recurrence
	1 Introduction
	2 Minimal residual disease and cancer surveillance by the immune system
	3 General anesthesia and immune system
	4 Opioids and the immune system
	5 Angiogenesis, growth factors, and the immune system
	6 Stress, inflammation and the immune system
	7 The working hypothesis
	7.1 Regional anesthesia spares volatile anesthetics
	7.2 Regional anesthesia reduces opioid requirement
	7.3 Regional anesthesia moderates the stress and inflammatory response to surgery

	8 Experimental and clinical studies of regional analgesia and cancer recurrence
	9 Conclusion
	Conflict of interest statement
	References


