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Perioperative Biologic Perturbation
and Cancer Surgery: Targeting

the Adrenergic-Inflammatory Response
and Microcirculatory Dysregulation
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Abstract Many of the physiological responses that comprise the surgical stress
response are known to promote cancer-signaling pathways. Tissue resection and expo-
sure to the pharmaco-physiological stressors of anesthesia required for surgery activate
local and systemic inflammatory cytokines, up-regulate cyclooxygenase with increased
prostaglandin production, and increase adrenergic activity. The activation of neuro-hor-
monal pathways is increasingly linked with cancer propagation. Retrospective evidence
suggests that the use of anesthetic techniques and adjuncts that modulate these pathways
and commonly available to practicing anesthesiologists may benefit patients scheduled
for cancer surgery. Minimising the inflammatory response, preventing perioperative
immunosuppression, and optimizing fluid delivery may have oncological benefits
(improved disease free survival, reduced postoperative complications with timely deliv-
ery of adjuvant therapies) that extend beyond enhanced postoperative recovery. This
review will consider key components of local and systemic inflammatory response, rel-
evant immune cell mediators, perioperative endothelial dysfunction, and relevant peri-
operative therapies specific to the care of the patient receiving cancer surgery.
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4.1 Introduction

Over the last decade focus has increasingly been placed on the role of anesthesiolo-
gists as perioperative physicians. This is, in part, due to the recognition that surgery
results in a substantial physiological impact. More specifically, the role of the
perioperative physician in improving long-term cancer outcomes is gaining
increasing attention, as uncomplicated recovery from surgery is vital to ensuring an
uninterrupted cancer journey that may include adjuvant therapy. Similarly,
anaesthetic techniques and perioperative adjuncts may impact cancer-signaling
pathways and thus impact cancer recurrence and survival. It is therefore essential
that optimal management of the perioperative period in cancer patients considers
preoperative optimization of modifiable risk factors and careful management of
non-modifiable risk factors to ensure optimal recovery. This focus on the
perioperative journey has led to improvements in risk stratification of patients,
preoperative optimization (prehabilitation) programs, careful selection of anesthetic
technique and perioperative adjuvants, enhanced recovery goals, and strategies to
avoid ‘failure-to-rescue’ when complications do occur.

The surgical stress response involves physiological processes that are teleologi-
cal remnants of our ancestral need to survive trauma, injury, and infection. This
primordial axis, however, may be disadvantageous in the context of appropriate
inflammatory response and resolution following the stress of cancer resection sur-
gery in, most frequently, the elderly. The biological perturbation of surgical stress is
underpinned by activation of the adrenergic-inflammatory pathway and associated
immunosuppression: systemic release of catecholamines, local release of inflamma-
tory mediators (interleukins, cytokines, prostaglandins) culminating in the activa-
tion of leukocytes, platelets and the endothelium. Platelet and neutrophil activation
also triggers neutrophil extracellular trap (NET) formation within the sinusoids
(measuring single cell diameter) of end organs such as the liver and lungs, with
extracellular DNA strands that trap bacteria and parasites. While teleologically
advantageous, unfortunately these NETSs also trap circulating tumor cells that are
known to be released into the circulation during cancer surgery [1]. Additionally,
inflammatory mediators cleave the endothelial glycocalyx to facilitate an increase in
capillary permeability and trans-capillary migration of leukocytes into the intersti-
tial space, to facilitate removal of bacteria within the interstitial space. Prostaglandins
mediate lymphodilation by signaling to lymphatic endothelial cells; and adrenergic
signaling, via sympathetic activation, increases lymphatic contractility. As a conse-
quence, lymphatic flow through the lymph nodes and lymphatic ducts of the parallel
circulatory systems increase several fold under conditions of stress. While this is
intended to mediate an immune response to infectious agents, it may unfortunately
be the mechanism whereby minimal residual disease (MRD, cancer cells within the
surgical field) enters the lymphatic system with regional dissemination of cancer
following surgery or radiotherapy.
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The perioperative period is further characterized by changes in T-lymphocyte,
natural killer (NK) cell and monocyte function—resulting in temporary immuno-
suppression. The changes occur through the adrenergic-inflammatory effects of sur-
gical stress, but also through the exposure to anesthetic agents, hypothermia,
and blood transfusion. Endothelial dysfunction, a hallmark of many comorbid
disease states, is triggered and/or exacerbated during the postoperative inflammatory
period predisposing to tissue edema with increased risk of hypoperfusion and
subsequent postoperative complications such as wound infection. Such complica-
tions lead to a protracted recovery period, delaying the delivery of adjuvant cancer
therapies, and subsequently reducing long-term cancer survival.

Awareness of these perioperative factors has led to increasing emphasis on
a ‘cancer anesthetic’ specifically focused on offsetting the perioperative stress
response: avoiding adrenergic, inflammatory and immunosuppressive pathway acti-
vation during surgery. Fortunately, a number of anesthetic agents and perioperative
adjuncts are available to help achieve this hitherto unrecognised role of improving
outcomes following cancer surgery.

4.2 Importance of the Perioperative Period to Cancer
Outcomes

The cornerstone of solid organ cancer treatment remains surgical excision.
Unfortunately, for many patients, cancer progression (local recurrence or metastatic
disease) following surgery is a frequent occurrence carrying significant mortality
risk, for which a number of postulates have been proposed. First, despite optimal
surgical techniques and apparent ‘clear margins’, MRD remains and progresses at
the resection site. Secondly, mature isolated tumor cells remain in the interstitium
following surgery and are transported using innate wound resolution (lymphatic)
pathways [2, 3] leading to the clinical scenarios such as carcinoma-in-transit,
regional lymph node recurrence, peritoneal carcinomatosis, and port site recur-
rence. Thirdly, perioperative iatrogenic displacement of blood-borne circulating
tumor cells occurs [4, 5] leading to dissemination and seeding of epithelial mesen-
chymal transition-like or progenitor cancer cells [6—13], with potential entrapment
in the sinusoids of the liver and lungs [1]. A number of studies have indicated a
disadvantageous prognostic significance of circulating tumor cell release [9, 14,
15]. Lastly, immunoediting theory [16] suggests that pre-potential cancer cells
(micrometastatic disease) held in ‘equilibrium’ in distant organs through active
immunosurveillance, are postulated to, through a brief period of perioperative
immunosuppression of endogenous innate immunity, ‘escape’ to form de novo
malignancies [17, 18]. Removal of a primary tumor has been shown to increase
growth rates of such distant micrometastatic disease [19, 20].
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A number of animal studies have demonstrated that intervening in a simulated
perioperative setting to offset inflammation and immune impairment have resulted
in improved cancer outcomes [21-24]. This supports the theoretical framework that
biological perturbation during the perioperative period, through systemic and local
pro-cancerous processes, places a patient at an increased risk of cancer recurrence.
As such, by limiting perioperative adrenergic-inflammatory activity, immunosup-
pression, and increased lymphatic flow through focused implementation of com-
monly used anesthetic techniques and adjuvants (favoring anti-adrenergic,
anti-inflammatory, anti-angiogenic, anti-lymphangiogenic techniques) perioperative
clinicians may provide additional benefit to plausibly limit cancer recurrence
following surgery. Numerous randomised clinical trials are being conducted to
translate these findings.

4.3 Perioperative Adrenergic-Inflammatory Processes

The first 48-72 h following a surgical procedure, hereafter the ‘perioperative
period’, is characterized as a period during which physiological stress and
pharmacologic agents modulate physiological derangements.

4.3.1 Surgical Stress Response

Patients presenting for cancer resection surgery present a unique challenge for anes-
thesiologists. Additional to the age-associated, co-morbid diseases of the commonly
older patient, cancer itself imposes a physiological strain on patients through their
disease (anemia, malnutrition), paraneoplastic syndromes, and psychological stress
of a cancer diagnosis. Patients may be further exposed to the debilitating “double
hit” [25] effect of combined neoadjuvant chemo-radiotherapy. This translates to a
baseline level of impaired functional capacity, chronic inflammation, and immune
deficiency even before approaching surgery. Patients’ abilities to respond to surgical
stress are further compromised by the pre-existing state of malnourishment, decon-
ditioning, and immunosuppression [26, 27]. Perioperatively, patients are then fur-
ther exposed to psychological, physiological and immunological stress [28-31].
Historically, this has been referred to as the ‘surgical stress response’ that arises as
a consequence of not only surgical excision, but also exposure to numerous periop-
erative events (Table 4.1). The stress response is characterized by impaired homeo-
stasis of the neuroendocrine (hypothalamic-adrenocorticoid up-regulation),
sympathetic nervous system, inflammation (cytokine and prostaglandin release),
metabolism (hyperglycemia, protein breakdown), and host innate immune (natural
killer cell and T-helper cell impairment) systems.
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Table 4.1 ‘Surgical stress response’ that arises as a consequence of surgical excision and exposure
to numerous perioperative events

Pharmacological Physiological
e Opioids e Hyperglycemia
e Corticosteroid agents * Blood product transfusion
* Anesthetic agents * Hyperoxia and hypoxia

e Hypothermia

e Muscle breakdown and ketosis
¢ Infection

e Pathogen exposure

Psychological Surgical
e Pain e Surgical excision and tissue trauma
* Anxiety and fear *  Tumor cell release

4.3.2 Local Inflammation

Skin incision inevitably results in tissue inflammation and lymphatic dilation, and
an innate response that promotes wound healing [32]. Tissue healing is dependent
on a localized inflammatory response characterized by vasodilation, local release of
growth factors, angiogenesis and dilation of lymphatic channels. These mediators
that co-ordinate the process of wound healing are also directly linked with the
inflammatory processes of the tumor microenvironment [33]. The release of local
angiogenic growth factors and inhibition of angiostatin and endostatin secretion
may facilitate local tumor cell escape to develop malignancy [34, 35].

As acute inflammatory mediators in tissue, prostaglandins and vascular endothe-
lial growth factors (VEGF) facilitate angiogenic and lymphangiogenic processes
[36]. Lymphatic dilation is a key component of cellular repair [37, 38]. However,
locally released prostaglandins and VEGF are also key components of cancer inva-
sion [39, 40], and high VEGF expression is associated with accelerated cancer pro-
gression and more aggressive disease [41-44]. These cytokines are up-regulated in
response to surgical trauma [45]. Given their role in cancer pathways, in the pres-
ence of residual disease, exaggerated up-regulation of prostaglandins and VEGF is
hence postulated to be disadvantageous [46—49].

Leukocyte invasion of healing tissue is an appropriate component of wound healing
that includes the recruitment of blood-borne monocytes [50]. Of note, peri-incisional
wound inflammation shifts macrophages to the M2 sub-type, which is associated with
an immunosuppressed tumor microenvironment and cancer progression [51]. M2
macrophages up-regulate stromal cyclooxygenase (COX), matrix metalloproteinase
(MMP) and VEGF expression—all mediators of cancer progression [52].

4.3.3 Immune Cells Relevant to Perioperative Period

In brief, perioperative immune suppression can be considered by examining the
pathophysiological changes occurring in three distinct leukocyte cell types.
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4.3.3.1 Macrophages

As components of host innate immunity cells, phagocytic macrophages are sub-
classified into classically activated (M 1) and alternatively activated (M2) lineages [52].

* M1 macrophages have a key role in the localized stimulation of T-helper lym-
phocytes. M1 differentiated macrophages secrete cytotoxic superoxide anions
and free radicals.

* M2 macrophages are classically induced by pro-inflammatory states. Conceivably,
this teleological development was rooted in the need for lymphangiogenic pro-
cesses and resolution of pathogen associated wound trauma. M2 macrophages are
also increasingly considered as Tumor Associated Macrophages (TAMs) that pro-
mote a localized immunosuppressed environment facilitating tumor growth [53].
TAMs are integral to the process of lymphatic vessel formation and tumor inva-
sion [48]. TAM presence is used as a prognostic marker of cancer outcome [54].

4.3.3.2 CD4*—Thl ‘Helper’ Lymphocytes

T-helper lymphocytes will differentiate to sub-types (to Th1 or Th2) based on their
exposure to a number of cytokines and interleukins (e.g. IL-2, IL-4, IL-10) [55].

* Progenitor T-lymphocytes differentiate to Th1 under the influence of IL-2. Thl
cells can be considered as anti-tumor effector cells and, with M1 macrophages,
facilitate the activation of CD8* cytotoxic T-lymphocytes as well as natural killer
(NK) cells [56]. Immunoediting theory and host immunosurveillance are strongly
based on the role of Th1 lymphocytes to co-ordinate macrophage based antigen-
presenting cells and enhance tumor surveillance [16].

» Also facilitating an immunosuppressed tumor microenvironment are Th2 lym-
phocytes that assist in tumor progression [57, 58]. Progenitor Th2 lymphocytes
differentiate under the influence of IL-4 and IL-10, and favor non-cellular immu-
nity to actively inhibit NK and cytotoxic T-lymphocytes. Th2 cells can be broadly
considered to promote tumor growth and metastasis. Th2 cells dominate Thl
cells after severe injury such as surgical stress [59].

4.3.3.3 Natural Killer Cells

* Representing 8—16% of peripheral blood mononuclear cells, NK cells may be con-
sidered key anti-tumor effector cells and vital components of host immunosurveil-
lance and tumor cell destruction [60, 61]. A hallmark of the perioperative period
and response to surgical inflammation is the suppression of NK cells. Volatile anes-
thesia agents will also suppress NK cells [62]. Natural killer cells function syner-
gistically to potentiate cytotoxic T-lymphocytes [63]. Poor cancer outcomes are
associated in patients with poor NK cell function and cytotoxicity [64—66].
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4.3.3.4 Neutrophils

* As the most abundant of the circulating leukocytes, neutrophils play a key role in
the acute inflammatory response. The role of neutrophils in the cancer context is
complex. In the tumor microenvironment, neutrophil secretion of VEGF and
matrix metalloproteinases facilitate cancer invasion, and immature neutrophils
(myeloid-derived suppressor cells) promote localized immunosuppression.

e Neutrophil activation and subsequent expulsion of DNA (chromatin) is a key
step in the formation of Neutrophil-Extracellular Traps (NETs). Teleologically
advantageous in the trapping of pathogens following tissue trauma to decrease
bacteremia, NET formation within the sinusoids of end organs such as the liver
and lungs also traps circulating tumor cells released during surgery. This process
may initiate micrometastasis and is associated with a reduction in disease free
survival [1].

* A recent systematic review found a perioperative elevated neutrophil-lympho-
cyte ratio associated with a reduction in recurrence free survival following sur-
gery for resection of solid tumor [67].

4.3.3.5 Platelets

* Platelets are vital in the first response to tissue injury initiating primary thrombo-
sis and endothelial activation. Platelet activation is likely to be a co-factor in the
formation of NETs [1].

* In controlling inflammatory processes in the tumor microenvironment, platelet
release of pro-inflammatory hormones and cytokines can potentiate cancer pro-
gression [68].

* Two retrospective studies have found a perioperative elevated platelet-lympho-
cyte ratio associated with a reduction in recurrence free survival following sur-
gery for resection of solid tumor [69, 70].

4.3.3.6 Perioperative, Clinical Significance of Immune Cells

Coincident with the inflammatory response to surgical stress are changes in patients’
immune cell profile [17]. Broadly, the perioperative physiological and pharmaco-
logical stressors lead to impairment of the innate immune system and a shift from a
patient’s capacity to optimally recognize and destroy cancer cells. Surgical stress
induces a shift of T-lymphocyte differentiation from a Th1 to Th2 dominance [71]
together with direct inhibition of NK and cytotoxic T-lymphocyte proliferation [72].
This differential state is partly influenced by circulating cytokines and catechol-
amines [55, 60]. Interestingly, non-invasive surgical techniques, likely through a
reduction in inflammatory burden, reduce perioperative immune suppression (and
Th2 dominance) [71, 73]. The catecholamine surge associated with perioperative
stress may reduce the Th1/Th2 lymphocyte ratio [74—76] and has been shown to
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further depress the impaired Th1l lymphocyte activity reported in cancer patients
[73]. Sympathetic nervous system activity and circulating noradrenaline facilitates
macrophages towards an M2 sub-type [77]. This polarization is partially mediated
by beta-2 adrenergic receptors on the macrophage cell surface, and may account for
the suggestion that non-selective beta-blockers have a protective effect against can-
cer progression [78-80].

NK cells and NK cell cytotoxicity is significantly depressed for 24—72 h follow-
ing exposure to surgical stress [81, 82]. Specifically, suppression of NK cell number
and activity has been reported following lung, breast, and colorectal surgery [83].
As vital anti-tumor effector cells, NK cells are normally active in the presence of
Thl cells and in response to IFN-gamma [84]. The reduction in perioperative NK
cell activity may be due to the surgical stress response—specifically through
increased circulating epinephrine and cortisol, or through a reduction in IFN-gamma
[85, 86]. Overall, these perioperative changes promote an immunological state less
competent to manage residual disease or circulating cancer cells and has been
implicated in cancer recurrence and metastatic disease [87].

4.3.4 Inflammatory Mediators of the Surgical Stress Response

This stress response to surgery is characterized by up-regulation of a number of
acute phase physiological pathways. With surgical incision, the hypothalamic-
pituitary-adrenal axis is immediately activated and sympathetic up-regulation leads
to suppressed cell mediated immunity [88]. Raised catecholamine levels are a fea-
ture of the perioperative period [89, 90], through activation of neural sympathetic
outflow and adrenal medulla adrenaline and noradrenaline release [91]. The up-
regulation of the sympathetic nervous system is likely to begin prior to surgical
incision through anxiety, fear and hypothermia [92, 93]. Catecholamine levels
remain elevated for at least 24 h following surgery [90].

In health, prostaglandins are vital to the maintenance of the cellular microenvi-
ronment: fluid permeability, endothelial maintenance, and lymphatic flow modifica-
tion [36, 94]. Surgery and associated tissue trauma release prostaglandins locally
and into the systemic circulation [45]. Cyclooxygenase (cox) exists in two iso-
forms—cox1 and (inducible) cox2. The latter enzyme’s activity is greatly increased
in the setting of active inflammation and is a focus for perioperative stress response
strategies. Cox activity is difficult to measure due to the instability of its key product
prostaglandin-E, though prostaglandins appear to be elevated for up to 48 h follow-
ing minor surgery [45]. Cerebrospinal fluid prostaglandin E2 levels elevate in
response to surgery [95]. Co-incident with the rise in prostaglandins following tis-
sue trauma, inflammatory cytokines (IL-1, IL-6 and IL-8) remain elevated for up to
48 h [96-99].

Because of the implicit involvement of the sympathetic nervous system, prosta-
glandins and subsequent up-regulation of systemic cytokines, a focus of research
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has been the perioperative blockade of these pathways to modulate the surgical
stress response and improve patients’ outcomes.

4.3.5 Microcirculation Changes and Endothelial Dysfunction

Endothelial dysfunction results in impairment of the microcirculation with a loss of
the endothelium’s key physiological tendency toward vasodilation, fibrinolysis, and
anti-aggregation. Perioperative inflammatory response results in the endothelium
undergoing a change in its phenotype from a baseline quiescent state to an activated,
or pathological dysfunctional state characterized by loss of the glycol-polysaccharide
‘glycocalyx’ layer. The set point of the endothelium reflects the balance between the
underlying chronic health of the endothelium, acute exacerbating triggers such as
inflammation and oxidative stress, and the ‘regenerative’ ability of the bone marrow
that releases endothelial progenitor cells into the peripheral circulation [100, 101].

To maintain physiological microcirculation, the bioavailability of key mediators
such as nitric oxide is crucial, otherwise endothelial dysfunction will result in
vasoconstriction, pro-inflammatory, and pro-thrombotic changes. In a perioperative
setting, microcirculatory changes as described above serve as an appropriate
adaptive physiologic response to acute stressors like surgical trauma. Furthermore,
elderly patients presenting for cancer surgery often have underlying vascular disease
based on comorbid risk factors such as diabetes mellitus, hypertension,
hyperlipidemia, and obesity that result in clinically unapparent but underlying
endothelial dysfunction [102].

The pro-inflammatory and pro-oxidant milieu resulting from surgical trauma fur-
ther injures the endothelium and is ubiquitous in the perioperative period [103—
105]. Plausibly, the loss of glycocalyx, increased extravasation, and subsequent
tissue edema is disadvantageous in cancer surgery, given the presence of circulating
tumor cells and residual tumor cells in the interstitium whose removal is dependent
on lymphatic processes.

A temporal link exists between acute systemic inflammatory load and acute dete-
rioration in endothelial function. In human volunteers, a pro-inflammatory cytokine
challenge resulted in a transient loss of endothelial vasodilator function, recovery
taking up to seven days [106]. Interestingly, this process is reversible. Studies indi-
cating that removal of the inflammatory source (a 6 month aggressive treatment for
chronic periodontitis) [107] or though anti-inflammatory strategies (hydrocortisone
or high dose aspirin) [106, 108] improve endothelial vasodilator function. Hu et al.
found patients receiving a laparotomy, when compared with less invasive laparo-
scopic surgery, had greater and more prolonged deterioration in endothelial dys-
function for up to seven postoperative days [105]. A deterioration in
endothelial-dependent vasodilation occurs in the first 24-48 h following surgical
treatment [107], which reflects an important clinical correlation: the peak incidence
of postoperative myocardial infarction occurs at 48 h following surgery, when flow
stagnation and increased thrombogenicity manifest [109].
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Patients undergoing major cancer surgery are at substantial risk for postoperative
morbidity, with 30-60% of patients developing complications [110, 111]. The risk
of postoperative complications may relate to perioperative endothelial dysfunction:
impaired vascular homeostasis and reduced tissue (organ) perfusion. Research has
hence focused on both the measurement of endothelial-dependent vascular function
and the prevention of its dysregulation in order to minimize the risk for perioperative
cardiovascular complications [112]. Measurement tools include characterization of
endothelial vasodilatory function (e.g. assess vascular function through endothelial
dependent vasodilation), quantification of vascular damage (e.g. measurement of
endothelial, thrombogenic and inflammatory biomarkers) and levels of denuded cir-
culating endothelial cells or endothelial microparticles. In addition, analyzing the
endothelial regenerative capacity via endothelial progenitor cell (EPC), a key stem
cell line for endothelial repair, has been a recent focus of clinical research [113]. In
patients with metabolic syndrome, EPC levels decrease following surgery—a poten-
tial correlate with the postoperative morbidity seen in these patients [102]. To pre-
vent endothelial damage mobilization, proliferation, survival and homing of EPCs is
important, and microcirculatory impairment is an early pathogenic event in end-
organ damage (cardiomyopathy, nephropathy, retinopathy, and neuropathy) [102].

It appears the fundamental determinant for endothelial dysfunction is activation
of inflammatory pathways (such as the surgical stress response). The same processes,
exacerbated specifically by neutrophil-platelet activation, lead to subsequent NET
formation [1]. As such, maintaining endothelial integrity to prevent complications
related to surgery or circulating tumor cell entrapment by NETs may be an important
strategy in the perioperative care of the cancer patient. This is especially important
when one considers that surgical morbidity results in significant prolonged hospital
stay, with a substantial delay in return to intended oncologic therapy (RIOT). Reduced
RIOT has been attributed to surgical complications and shown to increase risk for
poor oncologic outcome in breast, liver, and pancreatic cancer surgery [114, 115].

4.4 Modifying Inflammatory Response and Preventing
Endothelial Dysfunction

4.4.1 Appropriate Fluid Delivery

Given the susceptibility of the endothelial glycocalyx to inflammatory insult, with
consequent increased permeability and lymphatic flow, it is crucial that anesthetic
techniques for cancer surgery incorporate a strong anti-inflammatory strategy.
Further consideration should also be given to judicious goal-directed fluid therapy
as fluid overload may result in beta natriuretic peptide release which, in turn, cleaves
the endothelial glycocalyx [116].

A plausible link with increased lymphatic flow and residual cancer cells impacting
on cancer recurrence through residual cells in lymph nodes has been described [117].
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Prevention of tissue edema through optimal, goal directed fluid delivery would likely
reduce lymphatic flow and is also known to reduce postoperative complications
[118]. The extent to which optimal perioperative fluid delivery and lymphatic flow
reduction impacts upon a timely return to intended oncologic (adjuvant) therapy (i.e.
RIOT) or long-term oncological outcomes requires further study within the setting of
adequately powered prospective studies.

4.4.2 Regional Anesthesia

Epidurals have been extensively investigated as a means of reducing perioperative
opioid requirements following intra-cavity surgery [119]. Additional benefits from
the use of epidural anesthesia have been the reduction in neural sympathetic outflow
and circulating catecholamines, and subsequent reduction in the perioperative stress
response. Neuraxial analgesia have been shown to reduce cytokine assessed inflam-
matory response through cancer surgery [99], preserve endothelial function [120],
and possibly reduce lymphatic flow [121].

Epidural analgesia inhibits neural sympathetic activity and the catecholamine
rise of surgical incision both in animal models [122] and in patients receiving major
surgery [89, 90]. Preventing the adrenaline surge maintains lymphocyte numbers,
activity and the Th1/Th2 ratio to preserve cell-mediated immunity [91, 123]. This
may occur through the preservation of Thl cell number, and maintenance of inter-
feron (IFN)-gamma levels [123, 124] crucial to adaptive immune defense and anti-
tumorigenic cell-mediated immunity [91, 96, 125-128]. Regional anesthesia
reduces other markers of the surgical stress response such as elevated cortisol and
hyperglycemia [97, 129]. As a strategy to improve clinical outcomes, epidural anal-
gesia’s reduction in the surgical stress response has been shown to improve post-
operative morbidity in surgical sub-populations [91, 119, 130].

Specific to cancer surgery, retrospective studies have found an association
between perioperative epidural analgesia and improvements in long-term cancer
recurrence [131-133]. A mooted explanation for this is the reduced catecholamine
levels and p-adrenergic activity following neuraxial analgesia [90, 134]. Numerous
studies are currently recruiting patients to prospective trials examining the influence
of perioperative analgesia with a primary endpoint of cancer recurrence and survival
(NCT01318161, NCT00684229, NCT02801409).

4.4.3 Beta-Blockers

An alternate means of minimising the sympathetic nervous system component of
the surgical stress response is through the use of beta-blocker medication. In animal
models, limiting the stress response of surgery through beta-blockade has led to
improved cancer outcomes.
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When modelling the surgical stress response in animals, prevention of
B-adrenergic activation through the use of beta-blockers increased in NK cell
number and activity with resultant improvements in cancer outcomes [21, 22].
The peak period of immunosuppression occurs 24 h following incision, par-
tially induced by unregulated sympathetic hyperactivity [135]. Also during this
time frame is a reduction in NK cell cytotoxicity, Thl and B cell decline and
arise in IL-10. The use of peri-incision selective f(1)-blockade prevents immu-
nosuppression, presumably through reduction in sympathetic nervous system
activity [136].

There are few published trials demonstrating the utility of beta-blockers to offset
the immunosuppressive component of the surgical stress response. Small trials have
shown that beta-blockers preserve NK cell cytotoxicity [85, 86, 96]. One study pro-
spectively examined the effect of placebo or perioperative atenolol (a non-selective
beta-blocker) in patients receiving abdominal surgery [137]. While no difference in
adrenaline or noradrenaline levels were observed, B-blockade modified the stress
and inflammatory response as indicated by faster recovery from anesthesia, reduced
pain, and reduced opioid requirement.

Traditionally, trials examining perioperative beta-blockade have focused on its
role in preventing post-operative cardiovascular events such as myocardial infarction
and stroke. Investigators hypothesize that improvements seen through the use of
beta-blockers would be mediated through limiting of the surgical stress response
[138, 139]. The largest of these trials is the 8351 patient ‘POISE’ study which found
that perioperative administration of the non-selective beta-blocker metoprolol led to
a reduction in post-operative myocardial infarction (176 [4.2%] vs. 239 [5.7%]
patients; 0.73, 0.60-0.89; p = 0.002) [140]. However, this occurred at the cost of
excess deaths in the metoprolol group compared with the placebo group (129 [3.1%]
vs. 97 [2.3%] patients; 1.33, 1.03—1.74; p=0.0317) due to an increased rate of post-
operative hypotension and stroke. While the increased risk of stroke may be specific
to metoprolol rather than to all beta-blockers, caution must be used in their periop-
erative administration [141].

A number of retrospective studies have found an association between non-
selective beta-blocker use and improved cancer outcomes [142, 143]. These studies
have arisen in the setting of patients simultaneously treated with beta-blocker anti-
hypertensive medication coincidentally with their cancer diagnosis.

The use of non-selective beta-blockers has appeal due to increased mechanistic
evidence of p-adrenergic signaling in tumor progression, macrophage recruitment
and metastasis in animal models. The perioperative period is dominated by a period
of intense catecholamine activity. Modification of f-adrenergic activity and
reduction in surgical stress through beta-blocker use may improve patients’ cancer
outcomes through regulation of the pathogenic behavior of residual disease and
preservation of host immune responses. No study to date has considered the role of
perioperatively commenced beta-blockers and improvement in patients’ cancer
outcomes.
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4.4.4 Non-steroidal Anti-inflammatory Agents (NSAID)

Due to the increased tissue expression of cyclooxygenase and prostaglandin pro-
duction in the perioperative period, the use of selective (cox2) NSAID agents is an
appealing strategy to minimize the surgical inflammatory response. Surgical stress
response can be partially suppressed through NSAID administration. In non-cancer
surgery, a rise in systemic and wound prostaglandin levels was partially inhibited
through the use of NSAIDs [45, 144]. However, in cancer surgery a single dose of
diclofenac during surgery was unable to suppress post-operative PGE2 rise [31].
Following cardiac surgery, NSAIDs have been shown to suppress the inflammation
(IL-6, IL-8) and potentiate anti-inflammatory cytokines (IL-10) [145]. A number of
trials have demonstrated that, either through a reduction in surgical stress response
or opioid related side effects, patients receiving perioperative NSAIDs have
improved pain control and improved clinical outcomes [146—148].

The role of NSAIDs in minimising stress response has been demonstrated in a
number of animal models where attempts to model the ‘perioperative’ period in
animals has arisen through an interest in off-setting the inflammatory and immuno-
logical changes associated with surgery that are cancer promoting [21, 22, 149,
150]. Perioperative NK cell suppression induced through sham laparotomy is pre-
vented through the use of single or multiple doses of NSAID agents [151]; in mul-
tiple murine studies such interventions have been shown to reduce cancer growth
[21, 150, 152]. In animals, cox2 specific agents (etodolac) have been shown to be
particularly efficacious in preventing melanoma [22] and lung cancer growth in both
the surgical [153] and non-surgical setting [154—157].

The successful demonstration of NSAIDs’ improvement in tumor progression in
animal models is probably a consequence of the vital role prostaglandins have in
cancer progression. At the cancer cell-stroma interface, tumor cells utilize prosta-
glandins to achieve growth and metastasis via newly-formed lymphatic channels
and blood vessels [158—162]. The perioperative up-regulation of prostaglandins and
VEGEF, and consequent facilitation of lymphatic and vascular channel dilation, pro-
vides an ideal conduit for iatrogenic tumor cell dissemination in the post-surgical
period. NSAIDs have been shown to have an integral role in reversing prostaglan-
din-mediated lymphangiogenesis and lymphatic dilation that ultimately lead to
reduced tumor dissemination and metastasis [47, 87, 163, 164].

Investigators have questioned whether NSAID administration in the periop-
erative period of cancer surgery may impact on patients’ long-term cancer out-
comes. It has been observed that in humans, tumors with high cox expression by
breast [165], lung [166] and cervical [167] cancers are associated with poor prog-
nosis. These findings, combined with animal evidence led to a number of trials
prospectively analysing whether NSAIDs might impact cancer outcomes.
Selective cox2 inhibitors prevent colon cancer progression from adenomas [168,
169]. Cox2 inhibitor ‘chemoprophylaxis’ in ex-smokers at high risk of cancer
development resulted in reduced lung cancer biomarkers with subsequent clini-
cal benefit [170, 171]. Cohort studies support a beneficial role of cox2 inhibitors
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in patients with lung cancer [172]. Subsequent trials of cox2 inhibitors added to
chemotherapy regimens in advanced lung cancer have not consistently shown
survival benefit [173—177]. Hence, the role for cox2 inhibitors in the prevention
of cancer appears to be in early chemoprophylaxis against cancer development
rather than cox2 inhibition in established disease [178]. These observations have
led investigators to research the benefit of administering NSAIDs during the
period of cancer surgery—a pro-inflammatory, immunosuppressed period of low
volume disease.

A number of retrospective studies have found an association between periopera-
tively administered NSAIDs and cancer outcomes following breast cancer surgery
[179-182]. NSAIDS appear to impact on the first peak of the bimodal recurrence
pattern observed in breast cancer patients following surgery [183]. Prospective ran-
domized studies of 2 week preoperative courses of the cox2 inhibitor celecoxib found
improvements in the tumor microenvironment (increased tumor apoptosis, VEGF sup-
pression, reduced lymphangiogenesis) in bladder [184], prostate [185], and oesopha-
geal [186] cancers. There is a paucity of evidence regarding long-term outcomes
following the randomized intervention of a perioperative NSAID. The largest study to
date is the follow-up of a 1500 patient randomized trial of aspirin in patients receiving
gastroesophagectomy; the investigators found a 10% reduction (51% aspirin, 41%
placebo) in 5-year survival from the use of perioperative aspirin [187].

As such, NSAIDs (in particular cox2 inhibitors) have a role in reducing pain and the
stress response to surgery, have clear anti-cancer properties, and in animal ‘periopera-
tive’ models of cancer prevent overt tumor development. Preliminary evidence of spe-
cific anti-cancer benefit from NSAIDs use in the perioperative period is plausible, given
the conditions of low volume disease and a pro-inflammatory state.

4.4.5 Total Intravenous Anesthesia (TIVA)

A number of preclinical in vitro and in vivo studies indicate differing effects of
anesthesia agents on both inflammatory pathways and cancer cells. In the majority
of cases, general anesthesia is administered via techniques of intravenous or
inhalational (volatile) agents. Anesthesia agent-specific effects have already been
identified with regard to postoperative outcomes; TIVA, using propofol, is used for
the prevention of post operative nausea and vomiting in high risk patients [188].

In murine studies, propofol has been identified as a prostaglandin E suppressant
through inhibition of cox in both murine studies [189, 190] and human monocytes
[191]. Clinically, propofol appears to have protective influence on endothelial inflam-
matory mediator release by reducing IL-1, IL-6 and IL-8 when compared with sevoflu-
rane (volatile) based anesthesia [192]. These findings have been confirmed in studies
examining serial plasma levels of cytokines following open cholecystectomy [193].

The role of propofol as the choice anesthesia agent specific for cancer surgery has
been mooted due to its properties as a cox inhibitor [194]. Furthermore, in murine stud-
ies, propofol appears to act as an immune enhancer and has been shown to have anti-tumor
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properties [195]. A large 11,345 patient retrospective study recently published found an
association between volatile anesthesia, compared with TIVA, and reduced survival
after propensity matching: hazard ratio 1.59 (95% Confidence Interval 1.30-1.95) [196].
The apparent benefit for patients that appeared in the 12 months following surgery indi-
cates that TIVA may have a role in modifying the perioperative stress response and
medium-term morbidity. Alternatively, the benefit may lie in avoidance of volatiles,
which may be tumor promoting by activating biological pathways (e.g. HIF-1 alpha)
that could be tumorigenic. The impact of TIVA on cancer recurrence rates was not
examined.

4.4.6 Lidocaine

The use of systemic lidocaine has been studied extensively in the perioperative set-
ting for its role in improving short-term patient outcomes and inhibition of the surgi-
cal stress response. Lidocaine acts through blockade of the voltage-gated sodium
channel in the neuronal cell membrane. It is postulated that it is through a systemic
reduction in neuronal signaling that profound analgesic benefits are achieved for
patients in the post-operative period—in particular following abdominal surgery in
which neuraxial analgesia is not implemented [197]. Compared with opioid based
analgesia, the addition of systemic lidocaine therapy reduces inflammation (IL-6,
IL-8), markers of immune function (complement activation, CD11b) following lap-
arotomy that led to a reduction in opioid consumption and improvements in clinical
outcomes including patients’ earlier discharge from hospital [198]. Furthermore,
lidocaine clearly suppressed pro-inflammatory behavior (IL1, IL6 secretion) of
peripheral blood mononuclear cells in the peri-surgical setting [199]. Improvements
in non-oncologic clinical outcomes from perioperative lidocaine use have been con-
firmed in other trials of colon resection surgery [200, 201].

Additionally, a number of studies have demonstrated key anti-proliferative prop-
erties of local anesthetics, in particular lidocaine. In a number of cancer cell lines,
lidocaine promotes cancer cell apoptosis [202, 203] and anti-proliferation of mesen-
chymal stem cells [204]. In the clinical setting, epidural lidocaine is associated with
a reduction in cancer recurrence rates following radical prostatectomy surgery
[131]. It is difficult to extrapolate whether lidocaine’s benefit (if any) is observed
due to systemic exposure of the drug, associated reduction in inflammatory response,
or to a reduction in opioid and anesthesia requirements [205].

4.5 Conclusion

The expansion of our understanding of the pathophysiological processes involved in
cancer progression, and the awareness that many of these processes are temporarily
activated through the perioperative period, has led researchers and anesthesiologists
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to view the provision of care at this time to be tailored specifically for the patient
receiving cancer resection surgery.

Furthermore, retrospective evidence suggests that specific anesthetic approaches
and adjuvants may beneficially impact not only recovery time, but also facilitate
more rapid RIOT, potentially increasing disease free survival. A ‘cancer anesthetic’
appears to be increasingly defined as one that focuses on anti-adrenergic and anti-
inflammatory strategies that reduce cytokine production and prevent endothelial
dysfunction: intravenous anesthesia, goal directed fluid therapy, cox2 inhibitors,
neuraxial anesthesia and potentially perioperative beta-blockade. A number of
prospective trials are currently recruiting patients; the results of these studies will
more effectively guide practice.
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