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Abstract
Purpose of Review The purpose of this review is to provide an examination of the recent literature relating to anaesthesia and
analgesia for cancer surgery and their potential effects on cancer recurrence and metastasis.
Recent Findings Opioids continue to have mixed results in terms of their long-term effects on cancer outcomes. While laboratory
evidence suggests alterations in immune responses and pro-tumourigenic effects via opioid receptors on cancer cells, clinical
evidence is lacking. Regional anaesthesia has the ability to regulate surgical stress response, but retrospective studies provide
conflicting results. However, lidocaine appears to have protective functions against cancer and anti-inflammatory properties
making it a potentially useful agent perioperatively. An association also exists between the use of non-steroidal anti-inflammatory
agents and improved perioperative outcomes; however, prospective clinical studies are required to provide more robust data in
this area. Inhalational agents appear to confer increased risk of cancer recurrence in comparison to total intravenous anaesthesia
(TIVA). A recent large retrospective trial and in vivo and in vitro evidence point to a beneficial effect of TIVAversus volatiles that
should be fully investigated.
Summary Retrospective analysis provides tenuous links between the techniques used perioperatively and potential cancer
recurrence and metastasis. In vitro and in vivo animal studies have furthered research in the area, particularly providing mech-
anisms on how commonly used agents can affect patient outcomes. However, large prospective randomised control trials are
required in this area to further the research on anaesthesia and its effects on cancer recurrence and metastasis.
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Introduction

Cancer is the fastest growing cause of death in the developed
world. In Europe, it is estimated that 3.9 million people will be
diagnosed with cancer, while 1.9 million people will die from
the disease in 2018 alone [1]. Globally, cancer caused nearly 9
million deaths in 2015 and was second only to cardiovascular
disease [2]. While mortality in cancer has been reduced in
high income countries, it is expected that its incidence will
continue to increase, especially in developing countries [2].

Breast, colorectal, lung and prostate cancers are by far the
most common in terms of occurrence while lung, colorectal,
breast and pancreatic cancer were the most frequent causes of
death [1].

Approximately 60% of patients have surgery as part of the
treatment for their cancer, either with curative or palliative
intent [3]. Anaesthesia for tumour removal surgery is therefore
commonplace in the management of these patients. In 2006, a
retrospective analysis of women who underwent breast tu-
mour surgery with paravertebral regional anaesthesia or mor-
phine analgesia suggested an association between the use of
paravertebral regional anaesthesia and improved recurrence-
free survival time. This work re-ignited the hypothesis that
anaesthesia and analgesia factors perioperatively during can-
cer excision surgery could influence recurrence or metastasis
[4]. A consensus statement published in 2014 highlighted the
need for increased research in this area [5]. A number of stud-
ies have been carried out in the intervening years; however,
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difficulty remains in conducting large multi-centre
randomised control trials to authenticate the data. Up to this
point, large retrospective trials have delivered equivocal re-
sults and small-scale in vitro studies are yet to be replicated
in large prospective clinical studies. The heterogeneity of the
population involved, in terms of age, sex, patient comorbidity,
tumour stage and type, cancer therapies are all confounding
factors.

Our objective is to review and summarise the current liter-
ature around anaesthesia and analgesic technique and cancer
outcome, in addition to suggested effects of commonly used
agents on cancer cell biology.

The PubMed, EMBASE and MedLine Databases were
searched for all articles up to September 2018 that related to
the following terms: ‘anesthesia AND metastasis’, ‘anesthetic
agents AND cancer’, ‘anesthesia AND cancer recurrence’,
‘general anesthesia AND cancer recurrence’. All primary
sources were retrieved and reviewed by the authors for
inclusion.

Surgery and Metastasis

Surgery has a number of directly pro-metastatic effects.
Spread of tumour cells into the circulation, the suppression
of immune responses and the promotion of proliferative and
invasive capabilities of tumour cells can all be responsible for
increasing the risk of metastasis [6]. Surgical methods aimed
at reducing tumour spillage into the circulation include the use
of minimal handling techniques, wound edge protectors, ‘en
bloc’ resection and proximal vascular ligation [7].

The Epithelial-Mesenchymal Transition (EMT) program is
a developmental cell-biological program that promotes the
properties of cells to allow invasion and metastasis [8•].
Even before surgery and in early stages of tumour develop-
ment, cells can be activated using the EMT program, and
potentially able to disseminate and form distant metastases
[9]. Success in metastasis can be governed by the conditions
encountered during the cells’ transit from the primary tumour
site and the surrounding climate during attempts at colonisa-
tion [9].

Surgery, even when the patient is unconscious under gen-
eral anaesthesia, will activate a systemic stress response to
promote wound healing and recovery post-operatively. This
stress response includes both neuroendocrine and inflamma-
tory elements. When activated, it results in release of many
circulating mediators including growth factors, catechol-
amines, prostaglandins and increased levels of activated im-
mune cells. Both catecholamines and prostaglandins can have
direct effects on malignant tissue and activation of specific
receptors, e.g. COX-2 [10], β2-adrenergic receptor [11], and
μ-opioid receptors [12] which can lead to promotion of the
metastatic potential of tumour tissue [13].

Hypoxia is involved in triggering key processes involved
in tumour growth, e.g. angiogenesis [14]. Inadequate blood
supply is common in solid tumours and cells can adapt to
low oxygen tension conditions [15]. Cell survival is ensured
by the activation of a number of key pathways [15]. One of
these key pathways is controlled by a transcription factor
which is involved in the promotion of angiogenesis, cell
proliferation and metastasis—the hypoxia-inducible fac-
tor-1 alpha (HIF-1α) pathway [16]. High levels of HIF-
1α have been associated with poor prognosis in clinical
studies in a variety of solid tumours [17]. Recently, re-
search interest has focussed on the development of HIF-
1α specific inhibitors as a potential target for cancer
treatment [15].

Surgical manipulation of the tumour can cause release of
metastatic cells (circulating tumour cells) or ‘tumour emboli’
into the circulation and even with clear resected margins, min-
imal residual disease may remain at the surgical site [18]. Cell-
mediated immunity in the prevention of metastatic spread of
cancer involves both natural killer (NK) and cytotoxic T lym-
phocytes [13]. Natural killer cells are primarily programmed
to detect and destroy circulating tumour cells and micro-
metastases [17] and are of key importance, particularly in
the perioperative phase. Lower levels of NK cell activity
have been associated with higher rates of distant metasta-
ses [19]. Clinical studies have shown reductions in number
and function of NK cells post-operatively [20], implicating a
potential role of anaesthesia technique in attenuating immune
response.

Surgery, while often performed for curative intent, inadver-
tently increases factors related to metastatic and loco-regional
recurrence. Improvements in surgical technique and perioper-
ative factors may impact positively on the outcomes of pa-
tients undergoing surgical resection of malignant disease.

Opioids

Opioids are an integral component of analgesic treatment in
the perioperative period. Interest in the long-term effects of
perioperative opioid use stems from retrospective trials and
laboratory-based studies suggesting an increase in cancer pro-
gression and recurrence associated with their usage [21].

Opioids can affect cancer growth by modulating host immu-
nity and stimulating tumour growth by encouraging angiogenesis
[22]. Opioids have effects on both cell-mediated and humoral
immunity [23]. Mononuclear phagocytes and lymphocytes can
express opioid receptors, e.g. μ-opioid receptors, which are
coupled to signal transduction mechanisms [24]. Toll-like recep-
tors (TLR), including toll-like receptor 4 (TLR4), are involved in
innate immune system activation process, recognising microbes
or ligands of both exogenous and endogenous sources [24]. It is
proposed that opioids may have some effect on TLRs, directly
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affecting immune cells [22]. In a murine model using macro-
phage cells exposed to morphine, morphine was demonstrated
to reduce both TLR4 levels and protein levels, potentially by
activation of the μ-opioid receptor [24]. On the other hand,
new clinical-translational data suggests that perioperative opioids
activate toll-like receptor 4 in a manner conducive to inhibiting
cancer cell activation [25]. Similarly, opioids may interact with
the opioid growth factor (zeta) receptors to inhibit tumour prolif-
eration, and thus the heterogeneity of impact of opioids may be
related to the expression profile of various receptors (mu, zeta,
TLR) by different cancers.

Opioids have also been shown to interact with inflamma-
tory cytokines such as IL-1, IL-4, IL-6 and tumour necrosis
factor which controls gene expression at the μ-opioid receptor
[23]. In serum of patients with gastric cancer, morphine has a
negative effect on the ratios of CD4+/CD8+ Tcells, potential-
ly inducing an immunosuppressive state [26]. Desmond and
colleagues demonstrated increased infiltration into breast can-
cer tissue of NK cells and T helper cells in those receiving
paravertebral and propofol anaesthesia (PPA) for breast cancer
surgery as opposed to a balanced general anaesthetic tech-
nique with opioid analgesia (GA) [27]. Infiltration of these
cells into tumour tissue might aid in patient prognostication
and outcome [27]. In patients undergoing radical resection of
rectal cancer, both oxycodone and morphine were shown to
have inhibitory effects on circulating numbers of both T lym-
phocyte cells and NK cells [28]. Secondary analysis was un-
dertaken of NK cell activity in serum from women (n = 10) in
an ongoing randomised controlled trial (NCT00418457) un-
dergoing surgery for breast cancer using either propofol and
paravertebral technique or GA plus opioid technique [29].
Those who had propofol paravertebral technique versus
sevoflurane-opioid technique had greater NK cell cytotoxicity
in vitro than their counterparts [29]. Further analysis of this
cohort researched neutrophil-lymphocyte ratio (NLR), a
marker which may indicate a higher risk of recurrence and
poor prognosis [30]. Women who received regional anaesthe-
sia combined with general anaesthesia had lower NLR, dem-
onstrating attenuation of immune response versus combined
opioids and volatile anaesthetic [30].

In a study comparing the effects of intravenous morphine,
tramadol and ketorolac on stress and immune response in
patients undergoing modified radical mastectomy, morphine
had the largest effect on reducing circulating T lymphocyte
subsets and NK cells, inducing immunosuppression [31].
Ketorolac had the least immunosuppressive effect. The use
of fentanyl combined with a non-steroidal anti-inflammatory
drug (NSAID) demonstrated decreased levels of VEGF-C,
TNF-α and IL-1β in women who had surgery for removal
of breast carcinoma [32]. These molecules, which are both
inflammatory cytokines (TNF-α and IL-1β) and pro-
tumourigenic factors (VEGF-c), are suggested to be involved
in tumour proliferation, infiltration and metastasis [32].

Conversely, a study comparing intravenous fentanyl
patient-controlled analgesia versus continuous wound infiltra-
tion with ropivacaine and intravenous tramadol found no dif-
ference in NK cell cytotoxicity and interleukin-2 levels [33] in
patients undergoing laparoscopic resection of colorectal can-
cer. However, a live animal model showed reduced NK cell
function following administration of fentanyl versus clonidine
and ketamine [34]. Rats undergoing laparotomy with volatile
anaesthesia received the three agents (fentanyl, clonidine and
ketamine) perioperatively. Analysis of samples was carried
out at different time points, pre- and post-operatively
assessing NK activity. Fentanyl depressed NK cell activity
regardless of whether surgery was performed or not [34].

Of the three classic opioid receptors, μ-opioid receptor has
been demonstrated to be over-expressed in certain cancer
types [35]. It is thought that agonists at the μ-opioid receptor
can lead to stimulation of neoplastic cells and the associated
cellular pathways involved in the growth and spread of tu-
mour cells [36]. The μ-opioid receptor has also been implicat-
ed in growth factor signalling and proliferation as well as
migration and epithelial-mesenchymal transition [37].

Direct effects of opioids can include stimulation of the μ-
opioid receptor causing upregulation of angiogenesis.
Morphine has been shown to transactivate VEGF via its ef-
fects on the μ-opioid receptor [35]. In an early experiment
both in vitro on human dermal microvascular endothelial cells
and in vivo on nude mice using a breast tumour model, mor-
phine was demonstrated to enhance tumour neovascularisa-
tion, as well as stimulating endothelial proliferation, survival
and cell cycle progression [12].

Excised breast cancer tissue from patients (n = 20) as part
of the ongoing trial NCT00418457 was also examined for μ-
opioid receptor expression and immune cell infiltration in both
pre- and post-operative samples. Patients were randomised to
either paravertebral and propofol technique or sevoflurane and
opioid technique. While the expression of immune cells
(CD56, CD57, CD4 and CD 68) was similar between both
groups, μ-opioid receptor expression intensity and number of
μ-opioid receptor positive cells were higher in the sevoflurane
and opioid group in comparison to the patient’s pre-operative
biopsy samples [38].

Methylnaltrexone, a μ-opioid receptor antagonist, has
been reported to have improved survival in patients with
advanced malignancies, particularly in non-small cell lung
cancer patients [39]. μ-Opioid receptor polymorphism ap-
pears to confer an increased cancer-related survival in
breast cancer patients [40]. A post hoc analysis of women
with breast cancer and polymorphisms in the A118G var-
iant had reduced 10-year mortality, suggesting a protec-
tive effect with the genetic variant in terms of outcomes
[40]. These studies, and others [41–44], suggest an impor-
tance of the μ-opioid receptor in both the prognosis and
overall treatment of some cancers.
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The activation of opioid receptors in some cancers, how-
ever, may be protective. The activation of opioid receptors by
D,L-methadone and subsequent down-regulation of cyclic
AMP (cAMP) has been shown to inhibit glioblastoma growth
and induce apoptosis as well as improving the effectiveness of
chemotherapeutic agents [45]. Similar effects on reduction of
cAMP by activation of morphine receptors using D,L-metha-
done can cause apoptosis and sensitise leukaemia cells to che-
motherapeutic agents [46].

The NET-1 gene has also been implicated in promotion of
cancer cell migration in a number of different cancer types
[47]. In an in vitro study of the effects of morphine on
oestrogen receptor-positive and -negative (MCF7) cells,
NET-1 expression was found to be increased following its
administration, also demonstrating an increase in cell migra-
tion by up to 53% [48]. Silencing of the NET-1 gene reversed
this effect [48].

Morphine however has been found to have modulatory
effects on enzymes that regulate the extracellular matrix
[49]. In a murine model of breast tumour metastasis, morphine
administration was associated with a reduction in matrix
metalloproteinase-9 (MMP-9) enzyme, which is involved in
cell invasion and metastasis and an increase in its endogenous
inhibitor, TIMP-1 [49].

A number of studies have found no effect of morphine on
either increased growth of in situ tumours or increased risk of
metastasis. A live mouse model study investigated the effects
of morphine on cancer progression, tumour dissemination and
effect on minimal residual disease [50]. Analgesic doses of
morphine in mice with invasive lobular and HER2+ve breast
cancer did not affect the growth of mammary tumours nor the
density of micro vessels within the tumour itself [50]. No
difference existed in tumour metastasis or outgrowth of resid-
ual disease in either the presence or absence of surgical stimuli
either [50]. The authors suggested that in analgesic doses,
morphine appears to be safe to use in the perioperative period.

In mouse models of Lewis lung carcinoma, morphine in
fact decreased tumour growth progression in comparison with
saline placebo. Analysis of tumour sections showed decreased
angiogenesis and leucocyte infiltration in samples treated with
morphine. This was thought to be due mediated by classical
opioid receptors as the effect was not seen in mice with MOR
knockout genes [51].

Retrospective studies investigating the association between
opioid use during primary cancer surgery and cancer recur-
rence have had equivocal results. Trials vary across the subsets
of patients, types of cancer and opioids administered, making
results difficult to interpret. Intraoperative consumption of
fentanyl in those having resection for colorectal cancer did
not show an association with worsened overall survival or
recurrence-free survival [52]. Retrospective analysis of pa-
tients with oesophageal cancer (n = 141) undergoing Ivor
Lewis resection found no association with improved overall

or recurrence-free survival with respect to opioid use
perioperatively [53].

A Danish retrospective study with over 34,000 patients
with early-stage breast cancer found no association between
opioids and breast cancer recurrence regardless of opioid
strength, chronicity of use or cumulative dose [54].
However, this study did not investigate the effects of periop-
erative or in-hospital use of opioids, investigating only post-
diagnosis opioid prescriptions and recurrence [54].

Similarly, large retrospective analysis of non-small cell
lung cancer (NSCLC) found no effect on recurrence-free sur-
vival with high opioid consumption; however, there was an
association between higher opioid consumption and worsened
overall survival for stage I patients [55]. In patients with
NSCLC, higher post-operative doses of opioids following
video-assisted thorascopic surgery were associated with a
higher 5-year cancer recurrence rate [56]. Two small trials
looking at survival following oral cancer and laryngeal sur-
gery found an association between increased risk of recur-
rence and mortality with higher intraoperative opioid require-
ments; however, this was not statistically significant [55, 57].

In summary, the balance of experimental and available ret-
rospective clinical studies suggests conflicting effects of opi-
oids on models of cancer recurrence. The discrepancies in the
data may reflect the limitations of both cell culture and animal
models. Faithful representation of de novo tumour develop-
ment and metastasis in humans is difficult to replicate in mice
models [58].

To date however, the evidence is not of sufficient strength
to demand a change in practice. Indeed, a recent consensus
guideline [5] indicates that there is insufficient evidence cur-
rently to warrant any change in practice. Opioids should con-
tinue to be part of the analgesic regimen for cancer patients if
clinically indicated. Prospective randomised control trials are
required to identify plausible links between perioperative opi-
oid administration and outcomes for cancer patients.

Local Anaesthetics

Local anaesthetics have well-described anti-inflammatory ef-
fects [59]. Lidocaine is an amide local anaesthetic that acts by
blocking voltage-gated sodium channels (VGSC) and
interrupting synaptic transmission [60]. It also reduces levels
of inflammatory markers IL-1, TNF-α and IL-8, reducing the
risk of venous thrombosis by inhibiting production of throm-
boxane B2 [60]. Intravenous lidocaine can reduce post-
operative pain following surgery for colon cancer as well as
improve recovery in terms of length of stay, opioid require-
ments and gastrointestinal motility [61, 62].

Local anaesthetic agents appear to have direct effects on
cancer cells, blocking a particular type of voltage-gated sodi-
um channels on tumour cells [60]. In vivo evidence points to

414 Curr Anesthesiol Rep (2018) 8:411–425



lidocaine’s ability to reduce migration and viability of breast
cancer cells in a study on three types of breast cancer cell lines
(MCF-7 luminal A, MDA-MB-231 triple-negative and
SKBr3 HER2 positive) versus normal breast epithelium
[63•]. The same study reported in vivo data that intraperitoneal
lidocaine increased the survival of mice with peritoneal carci-
nomatosis versus controls [63•].

Bupivacaine, another amide local anaesthetic agent, in-
duced cell death at clinically relevant levels in the breast can-
cer cell line MCF-7, similar to lidocaine, showing more cyto-
toxicity for malignant versus non-malignant cells [64]. In oth-
er breast cancer cell lines, ropivacaine and lidocaine both have
demethylating effects on cancer cells—the same effect was
not seen with racemic bupivacaine [65].

Bupivacaine has been found to have direct effects on the
inhibition of gastric cancer cell migration in vivo [66]. Both
bupivacaine and lidocaine have been found to have modula-
tory effects in vivo on gene expression of hepatocellular car-
cinoma cells—inducing apoptosis and a cytostatic effect [67].
Lidocaine and ropivacaine have been found to reduce viability
and induce apoptosis in NSCLC cells as well as causing sup-
pression of invasion and migration [68, 69], potentially by
inhibition of Src kinase [70]. Src is involved in cell-to-cell
adhesion and fibroblast division, promoting cancer cell inva-
sion and metastasis [21].

Intravenous lidocaine has recently been shown to reduce
lung metastasis when combined with sevoflurane anaesthesia
in a murine model of breast cancer. This effect was not borne
out when ketamine/xylazine anaesthesia was used suggesting
that lidocaine could have differential interactions with anaes-
thetic agents, which may influence tumour metastasis [71].

Regional Anaesthesia

The surgical stress response causes a biphasic reaction of in-
creased sympathetic nervous system stimulation and activa-
tion of the immune system. Regional anaesthesia is protective
against the neuroendocrine element of the stress response, but
less so of the cytokine element generated by the body
perioperatively [72]. It has been shown to reduce serum levels
of cortisol, C-reactive protein and plasma glucose [73].
Regional anaesthesia has also been shown to alter a number
of cytokines (IL-1β and IL-10) and matrix metalloproteinases
which are involved in perioperative cancer immunity and me-
tastasis in breast cancer patients [74]. The addition of epidural
anaesthesia has been shown to reduce plasma concentrations
of adrenaline and cortisol in those whowere undergoingmajor
abdominal surgery [75]. General anaesthesia combined with
epidural anaesthesia also had reduced effect on the concentra-
tion of T lymphocyte cells and NK cells in a group of patients
undergoing radical resection for gastric cancer [76].

Regional anaesthesia reduces the requirement for alterna-
tive forms of analgesia. Opioids, as discussed above, may
have an immunosuppressive effect. The use of regional anaes-
thesia can reduce their use both intra- and post-operatively.
Paravertebral blockade [77] and pectoralis plane blocks (I
and II) [78] as well as serratus anterior plane blocks [79] can
all provide alternative analgesic methods to intravenous opi-
oids. In major breast surgery for cancer, patients receiving
single-shot paravertebral blockade had significantly reduced
consumption of opioids [80]. Addition of transversus
abdominus plane block also reduced pain scores and opioid
consumption in patients undergoing laparoscopic high anteri-
or resection [81]. It is unknown whether regional techniques
which minimise perioperative opioid requirement during can-
cer surgery can influence recurrence or metastasis.

Clinical outcomes have been difficult to define in the can-
cer population. A number of retrospective clinical studies
evaluating the effect of a regional anaesthesia technique on
an oncological outcome such as recurrence-free survival are
summarised in Table 1.

A prospective study (n = 180), of patients receiving general
anaesthesia versus general anaesthesia with paravertebral
block for modified radical mastectomy, found no difference
in local recurrence, metastasis or mortality after surgery up to
5 years [96]. However, this study was clearly underpowered to
detect long-term outcomes [96]. A small study (n = 54)
looking at single-injection paravertebral block versus block
and local anaesthetic wound infusion found no benefit in ex-
tending the length of administration of local anaesthetic in
terms of cancer recurrence in patients post mastectomy [97].
This study did not compare their subjects to controls who had
not received regional anaesthesia and followed patients up for
a minimum of 2 years [97].

Macleod et al. [98] using a retrospective database
found no difference in time to biochemical recurrence of
prostate cancer between general anaesthesia and opioid
analgesia versus general anaesthesia and multimodal an-
algesia including blocks. Scavonetto et al. [99] suggested
an earlier beneficial effect of regional anaesthetic tech-
niques following prostatectomy.

In lung cancer, a recent retrospective analysis comparing
analgesic methods of PCA, thoracic epidural and
paravertebral block demonstrated a beneficial effect of PVB
on overall survival of patients [100•].

Epidural analgesia was associated with improved survival
for in patients undergoing pancreatic resection for adenocar-
cinoma [101]. Retrospective analysis of a cohort of patients in
Germany [87] found significantly reduced lengths of intensive
care stay and opioid consumption in the epidural anaesthesia
group following oesophageal cancer surgery; however, there
was no difference between the two groups with regard to
mortality or survival. Epidural analgesia for resection of colo-
rectal liver metastasis showed an association between its use
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and improved recurrence-free survival versus intravenous an-
algesia [102].

A meta-analysis produced in 2014 [103] of ten studies
with a combined number of over 3000 patients found no

strong signal that there was a difference in the effects on
survival and cancer recurrence in general anaesthesia ver-
sus combined general-epidural anaesthesia. The authors
state the difficulty in generalising the results due to the

Table 1 Summary of findings of recent retrospective studies on effect of regional anaesthesia and cancer outcomes

Regional
technique

Tumour type Patients (n) Endpoint
measured

Publication Main findings

Epidural Gastric cancer 4218 Overall survival Wang et al. [82] Oncotarget Statistically significant improved survival for
epidural group—35.1 versus 40.2 months
p < 0.0001

Epidural NSCLC 445 Overall survival
at 2 and
5 years

Cata et al. [83] Journal of Clinical
Anesthesia

Type of post-operative analgesia did not affect
recurrence-free or disease-free survival

Cervical
epidural

Larynx and
hypopharynx

65 paired
subjects

5-year
cancer-free
survival

Overall survival

Merquiol et al. [84] Regional
Anaesthesia and Pain Medicine

Combined epidural and general anaesthesia was
associated with significantly increased 5-year
cancer-free survival (p = 0.03) and overall
survival (p = 0.04)

Epidural Nephrectomy—
partial or
radical

438 Overall survival
Cancer-specific

survival

Kovac et al. [85] Canadian Journal
of Anesthesia/Journal Canadien
d’Anesthesie

Epidural at time of surgery did not

Epidural Gastric cancer 273 Overall survival Wang et al. [86] Medical Science
Monitor: International Medical
Journal of Experimental And
Clinical Research

Epidural anaesthesia was associated with increased
long-term survival in patients up to 64 years old

Epidural Oesophageal 153 (118 EA) Cancer
recurrence

1-year mortality
5-year survival

Heinrich et al. [87] Langenbeck’s
Archives of Surgery

No significant differences in cancer recurrence,
1-year mortality or 5-year survival

Epidural Oesophageal 178
propensity
matches

Overall survival
Time to

treatment
failure

Li et al. [88] PLoS One No differences in 3-year time to treatment failure or
overall survival between epidural and
intravenous anaesthesia

Epidural Colorectal 999
(165 = EA)

Overall survival
Time to tumour

progression

Tai et al. [89] PLoS One No significant differences in overall survival or
progression-free survival in those with epidural
analgesia

Epidural Hepatic
metastases
from
colorectal

179 Cancer-specific
survival

Overall survival

Doiron et al. [90] Canadian
Urological Association Journal

No significant differences in overall or
cancer-specific survival in those who received
epidural analgesia

GAwith spinal
analgesia
(single-shot
opioid)

Bladder 195 Overall survival
Cancer-specific

survival
Cancer

recurrence

Weingarten et al. [91] Canadian
Journal of Anesthesia

No differences in relation to all outcomes in those
who received spinal analgesia

Spinal Bladder 231 Time to
treatment
failure

Disease-free
survival

Koumpan et al. [92] The Journal of
Urology

Those receiving spinal anaesthesia had a lower
incidence of recurrence (p = 0.017) and longer
time to disease recurrence (p = 0.008)

Neuraxial—
spinal and
epidural

Prostate N = 6261
general

N = 7504
neuraxial

Overall survival
Biochemical

recurrence

Lee et al. [93] Pain Management There was no difference in time to biochemical
recurrence with use of neuraxial
anaesthesia/analgesia, there appears to be
improved overall survival in those who received
neuraxial anaesthesia/analgesia

Paravertebral Breast 86 Disease-free
survival

Distant
recurrence--
free overall
survival

Kairaluoma et al. [94] Anticancer
Research

Patients were followed up for 12 years, there was no
significant difference between the two groups

Paravertebral Breast 792 (198
PVB)

Recurrence-free
survival

Overall survival

Cata et al. [95] Regional Anesthesia
and Pain Medicine

No significant difference in recurrence-free or
overall survival with use of paravertebral block
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heterogenous nature of the data available for analysis at
the time [103].

Non-steroidal Anti-inflammatory Agents

Non-steroidal anti-inflammatory (NSAIDs) agents act
through the inhibition of COX (cyclooxygenase) enzymes.
This stops the subsequent conversion of arachidonic acid into
prostaglandin H2 and its conversion into prostaglandins PGE2,
PGD2 and PGF2 as well as prostacyclin and thromboxane A2

[104]. These prostaglandins are involved in promotion of in-
flammation, pain and fever. Population-based studies have
suggested links between long-term use of NSAIDs, particu-
larly aspirin, and reduced incidence of cancer; in particular,
colorectal [105] and breast cancer [106]. Intraoperatively,
NSAIDs block tumour-associated inflammation in animal
models of cancer, reducing angiogenesis and therefore metas-
tasis [9]. Etodolac, a semi-selective COX-2 inhibitor,
counteracted surgical suppression of NK cytotoxicity in mice
models of B16F10.9 melanoma and Lewis lung carcinoma
[107]. Flurbiprofen axetil is an NSAID that has shown bene-
ficial effects on inflammatory markers in comparison to fen-
tanyl alone in vivo, in breast cancer surgery patients [32].
Levels of VEGF-C, TNF alpha and interleukin-1B were re-
duced in serum of women receiving a combination of fentanyl
and flurbiprofen axetil in comparison to patients receiving
fentanyl alone [32].

A retrospective review (n = 327) of breast cancer patients
undergoing mastectomy with axillary node dissection report-
ed an association between ketorolac, an NSAID, and lower
cancer recurrence rate in patients (p = 0.019) [108]. When
controlled for confounding factors such as age, histological
grade and lymph node involvement, the risk of recurrence
remained significantly lower in the group receiving intraoper-
ative ketorolac (p = 0.048) [108].

A larger single-centre retrospective analysis (n = 720) in
2014 on breast cancer patients signalled a link between
NSAID use intraoperatively (diclofenac and ketorolac) and
improved disease-free and overall survival in breast cancer
patients [109]. Data suggests that even with small tumours
and conservative surgery, NSAIDs may positively affect
breast cancer outcome [109].

A retrospective study examining the link between
recurrence-free and overall survival in patients (n = 1637) un-
dergoing surgery for NSCLC found no difference in perioper-
ative use of NSAIDs between groups [110]. A study of 1139
patients undergoing surgery for NSCLC found an association
between NSAID use and marginal improvement in overall
survival of patients with NSCLC but not with recurrence-
free survival [111]. In a cohort of 255 patients with lung can-
cer, retrospective analysis showed a reduction in distant

metastasis (p = 0.009) in patients who received intraoperative
NSAIDs versus those who did not [112].

A more recent retrospective review interrogated records for
NSAID use and outcome according to the patient’s body mass
index (BMI) for breast cancer surgery. Ketorolac was found to
be associated with a potentially beneficial effect in reducing
distant metastasis in the high BMI group (p = 0.04) (BMI >
25) while the effect in the low BMI group (< 25) was not as
evident. Diclofenac, also investigated, showed no association
with decreased incidence of distant recurrences [113].

While the majority of literature available on NSAIDs are
retrospective in nature, an association exists between their
administration and reduction in cancer recurrence and metas-
tasis. As with other agents in the perioperative period, pro-
spective randomised control trials are required to investigate
potential benefits of these agents perioperatively on cancer
recurrence and metastasis.

Anaesthetic Agents

Inhalational Agents

Inhalational anaesthetic agents including sevoflurane and
isoflurane are halogenated hydrocarbons and have pro-
inflammatory effects [114]. While volatile anaesthetics may
provide some benefit by inducing myocardial protection dur-
ing cardiac surgery [115], this may not be beneficial for the
cancer patient. A number of studies looking at volatile anaes-
thetic agents have implicated an upregulation of HIF-1α, thus
conferring a cytoprotective effect on cancer cells at a time of
high vulnerability perioperatively [17]. In a prostate cancer
cell line (PC3), isoflurane upregulated HIF-1α and its down-
stream effectors in a dose-dependent manner [16]. The addi-
tion of propofol was found to be protective in this instance
when used in combination with isoflurane, decreasing the
HIF-1α activation [16].

Isoflurane has also been found to enhance renal cancer
growth via the same pathway leading to increased expression
of VEGF [116]. Isoflurane-exposed RCC4 cancer cells dem-
onstrated an enhanced ability to migrate and rearrange cyto-
skeleton in their surroundings [116]. In an ovarian cancer
model (SKOV3), isoflurane exposure increased levels of
insulin-like growth factor, increased expression of VEGF
and improved cell migration, increasing the malignant poten-
tial of the cells [117].

A systematic review of 20 animal studies found that vola-
tile anaesthetic agents appear to increase both the number and
incidence of metastases in experimental cancer models [118].
The authors recommended clinical trials investigating these
cited translational difficulties in comparisons between animal
and human data, also stating that more research into potential
harmful effects of volatile agents should be a priority [118].
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There appears to be no perceptible difference between the
halogenated agents themselves in terms of recurrence or me-
tastasis of cancer. A study looking at isoflurane, sevoflurane
and desflurane found that metastatic-related gene expression
profiles were markedly increased following exposure to clin-
ical concentrations of all three volatile agents [119]. In patients
having resection for glioblastoma, no survival difference was
observed between the groups receiving desflurane or
isoflurane intraoperatively.

Xenon, a noble gas, has been clinically investigated in a
number of areas but is yet to be employed in routine clinical
practice due to cost. Breast adenocarcinoma cells that were
exposed to Xenon demonstrated reduced migration and secre-
tion of pro-angiogenic cytokines [120] in comparison to cells
exposed to sevoflurane. Nitrous oxide has been found to have
no bearing on colorectal cancer recurrence when used in con-
junction with isoflurane [121].

Intravenous Agents

The commonest intravenous anaesthetic agent is propofol,
which has both anti-inflammatory and anti-oxidative effects
[114]. During craniotomy, patients who received propofol an-
aesthetic demonstrated higher levels of the anti-inflammatory
cytokine IL-10 and lower levels of the IL-6/IL-10 ratio [122]
suggesting key anti-inflammatory effects of the drug. Propofol
also reduces prostaglandin production in a mouse model of
inflammation [123]. In a NSCLC cell culture line, propofol
was found to have direct effects on reducing the migration and
invasion of cancer cells by disrupting the functions of HIF-1α
[124]. In a prospective study examining NK cell cytotoxicity
in patients undergoing breast cancer resection, propofol anaes-
thesia with ketorolac demonstrated a preservation of NKCC in
comparison to sevoflurane anaesthesia and fentanyl analgesia
post operatively [125].

Ketamine has been shown to have the largest effect on
retention of lung tumour cells and metastasis versus thiopental
and halothane in an inoculation model of breast cancer [126].
It has also been shown in vitro to upregulate anti-apoptosis
proteins which may promote breast cancer cell invasion and
proliferation [127].

Intravenous Agents Compared to Inhalational Agents

A number of retrospective analyses have been conducted, com-
paring volatile anaesthesia with intravenous anaesthetic tech-
niques. A large (n = 706) retrospective study has demonstrated
a statistically significant survival advantage, regardless of
tumour-node-metastasis staging in patients who received
propofol anaesthesia versus desflurane-based anaesthesia [128].

A small in vivo study comparing expression of pro-
oncogenic protein markers in patients who were having resec-
tion of head and neck cancer found significant differences in

the volatile anaesthesia patients versus the total intravenous
anaesthesia (TIVA) with propofol group [129]. Sevoflurane
was found to cause a significant increase in the expression
of HIF-1α. A recent study comparing sevoflurane anaesthesia
and propofol anaesthesia examined the effects of both agents
on the expression of a cluster of differentiation enzymes 39
and 73 on regulatory T cells in patients having breast cancer
surgery (n = 201). The investigators found no significant dif-
ferences in expression of the enzymes, suggesting minimal
effects on perioperative immune activity by both agents [130].

A retrospective analysis of patients undergoing modified
radical mastectomy compared propofol-based total intravenous
anaesthesia with sevoflurane-based anaesthesia. While the opi-
oid use was higher in the propofol group, there was an associ-
ation with a lower rate of cancer recurrence at 5 years with
propofol [131]. A larger retrospective study investigating out-
comes for patients with NSCLC found no difference in overall
or recurrence-free survival in patients having TIVA or volatile-
based anaesthetic for their initial cancer surgery [53].

A large retrospective single-centre propensity-matched
study recently compared patients undergoing general anaes-
thesia for all cancer surgery using volatile anaesthesia versus
total intravenous anaesthesia with propofol and remifentanil.
Regardless of patients age, sex, ASA grading, receipt of blood
transfusion or metastasis at time of surgery, the volatile anaes-
thesia group demonstrated an association with a reduction in
long-term survival versus the TIVA group [132••].

Undoubtedly, more prospective, clinical, multi-centre re-
search is required to determine the importance of propofol as
a preferred anaesthetic agent of choice in cancer anaesthesia.
However, it already has a growing body of research to support
the theory that it is preferable to volatile agents and a number
of trials are ongoing in this area (NCT 03447691, NCT
03034096, NCT 0313710).

Others

Beta-blockade

Perioperatively, catecholamine secretions can increase sec-
ondary to the surgical stress response. They are also released
in response to tissue damage [133], an inevitable complication
of surgery for cancer resection. In ovarian cancer, patients
taking non-selective beta-blockers for medical co-
morbidities demonstrated a longer overall survival in compar-
ison to their counterparts [134]. Animal laboratory studies
suggest both clinical and immunological benefits in combined
beta-blockade and COX-2 inhibitors perioperatively [135].
In vivo, a recent phase-II biomarker clinical trial examining
combination of propranolol and etodolac in breast cancer pa-
tients improved a number of pre-metastatic biomarkers in both
the patients’ blood samples and the resected tumours [136]. A
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larger study looking at patients who underwent modified rad-
ical mastectomy found that propranolol can affect the regula-
tory T cell responses and diminish the response to surgical
stress [137]. However, a recently published meta-analysis on
intraoperative use of beta-blockers found that their use did not
contribute to disease-free survival or overall survival [138••].
Further, large-scale prospective studies are required to inves-
tigate the use of beta-blockers in perioperative management of
cancer patients.

Oxygen Concentration

Hypoxia is an important factor in the development of solid
tumours and improves cancer cell survival and ability to
metastasise [139]. While higher concentrations of oxygen
are beneficial for the process of wound healing, it is thought
that exposure to excess oxygen could promote proliferation of
tumour cells [139]. Reactive oxygen species can cause dam-
age to DNA and other crucial cellular components [140]. A
2015 Cochrane review found that there was insufficient evi-
dence to recommend a higher inspired concentration of oxy-
gen during any form of surgery due to the risk of adverse
events, including mortality [141].

In a recent laboratory study, exposed breast cancer cell
lines MDA-MB 231 and MCF-7 (ER+ and ER−) to 21%,
30%, 60% and 80% concentrations of oxygen showed that
exposure to high concentration of oxygen can stimulate mi-
gration and secretion of angiogenesis factors in breast cancer
cells in vitro [142•]. Furthermore, in a retrospective clinical
study among patients randomised to receive different concen-
trations of oxygen, the incidence of new tumours did not differ
between study groups. However, a higher inspired oxygen
fraction was associated with shorter cancer-free survival in a
post hoc analysis of the PROXI trial cohort. This large
randomised control trial followed over 1000 patients who
were randomised to either 80% or 30% oxygen while under-
going emergency laparotomy [143].

Alpha-2 Agonists

Dexmedetomidine is an α2-adrenoreceptor agonist that is in-
creasingly used in intensive care and perioperative manage-
ment. It has a higher affinity for α2 receptors than its long-
established counterpart, clonidine [144]. Recent work has cast
some controversy on its use in oncological surgery. A 2018
laboratory study noted increased tumour-cell retention and
growth of metastases in rat models for lung, breast and colon
cancer, suggesting mediation through α2-adrenergic receptors
[145]. However, a mechanism of action for this result is yet to
be elucidated [144]. Decreased survival was noted in patients
who underwent surgery for lung cancer with intraoperative
use of dexmedetomidine [146].

Clonidine, which is an important α2-adrenoreceptor ago-
nist used inmany surgeries as a method of sparing opioids, has
been shown to have no association with shorter recurrence-
free or overall survival in a sub-analysis of patients undergo-
ing surgery for breast and lung cancer [147].

Blood Transfusions

Evidence is growing that administration of perioperative allo-
genic blood transfusions may be associated with poorer out-
comes for patients undergoing oncological surgery [148]. A
large retrospective analysis of patients with colon cancer
found that at 10-year follow-up, patients who received blood
transfusions had significantly lower survival rates than non-
transfused patients [149]. There was also a higher mortality,
local recurrence rate and metastasis rate among the sporadic
colon cancer group who received transfusion compared to the
hereditary group [149]. Similar results were found in a sepa-
rate study looking at colorectal carcinoma by the same group
[150]. Administration of perioperative blood transfusion was
associated with poorer outcomes for those who underwent
resection of pancreatic adenocarcinoma [101]. Interestingly,
a retrospective study investigating outcomes in radical prosta-
tectomy patients found no correlation between blood transfu-
sion perioperatively and cancer recurrence [151]. A meta-
analysis published in 2017 found that perioperative blood
transfusions are associated with a detrimental impact on pa-
tients with colorectal liver metastasis undergoing hepatectomy
[152]. However, these findings could indicate that require-
ment for transfusion is a hallmark of sicker patients at higher
risk of cancer recurrence, rather than a causative factor per se.
Well-designed clinical trials are needed in this area to study
the effects of allogenic transfusion in this population [148].

Dexamethasone

Perioperative administration of dexamethasone may have
immune-modulating effects on cancer cell lines, increasing
tumour cell proliferation [153]. Intraoperative use of dexa-
methasone was associated with improved survival in patients
undergoing resection for pancreatic adenocarcinoma [101].
There was no difference in overall or disease-free survival in
patients undergoing colectomy who were given pre-operative
dexamethasone versus placebo; however, there was an in-
creased rate of distant recurrence in the dexamethasone group
[154]. However, in a study of patients undergoing surgery for
rectal cancer, those who had perioperative low-dose dexa-
methasone had poorer 3-year survival outcomes in compari-
son to those who had not [155]. In NSCLC, dexamethasone
was associated with an increased overall survival post-surgery
[156], a finding disputed by a later study showing no signifi-
cant change in recurrence-free or overall survival [157].
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Conclusion

While there is a signal suggesting that local anaesthetics might
inhibit cancer cell development and opioids might exacerbate
metastasis, there is currently an absence of prospective
randomised clinical control trials, which is the optimum study
design to prove a cause and effect between perioperative in-
tervention and oncologic outcomes (RCT). Studies are primar-
ily retrospective in nature and difficulty lies in separating out
the intervention and effect.

Retrospective clinical studies suggest an association
between the use of volatile anaesthesia and cancer recur-
rence, the protective effects of local anaesthetics, regional
anaesthesia and propofol, but these are inherently limited
in the extent to which they can be interpreted. Therefore,
prospective randomised control trials are required to fur-
ther elucidate any cause and effect that may exist between
anaesthetic technique and cancer recurrence and
metastasis.

The StEP-COMPAC group has recently recommended use
of standardised endpoints in investigation of the perioperative
management of cancer patients which would improve bench-
marking and allow the pooling of trials for meta-analysis
[158••]. Adoption of these endpoints in designing RCTs will
allow standardisation of outcomes in terms of the design of
RCTs and evaluation of a causal effect of anaesthetic and
analgesic technique on patient outcomes, potentially provid-
ing a tangible link between the two.
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