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Abstract 

Introduction: Breast cancer is one of the most common malignancies, treated with primary surgery, or surgery after neoadjuvant chemotherapy. Many studies indicate 
that the peri-operative period is critical as interference with the immune system may affect prognosis. Whether certain anesthetic agents can affect the immune response 
and cancer progression is still unresolved. 

Evidence acquisition: In the current study, we review the existing clinical and experimental studies, in an attempt to extract useful information for clinical application 
in the anesthesia practice for patients treated with surgery for breast cancer. A bibliographic search in PubMed and ScienceDirect related to the effects of anesthesia on 
cancer progression and anti-tumor immunity, published from January 2000 till today was performed.

Evidence synthesis: All included studies were gathered in a list and they were analysed. A total of 34 studies were found relevant to the subject in PubMed and 
ScienceDirect. 

Conclusion: The overall experience suggests that the peri-operative management of cancer patients should focus on the reduction of surgical stress, the minimization 
of the use of opioids, and the adoption of regional anesthetics. This could have an impact on anti-tumour immunity and the outcome of cancer patients.

Introduction

Breast cancer is one of the most common malignancies, with 
approximately 2.2 million new patients and more than 680,000 
deaths worldwide every year [1]. The gold standard in breast 
cancer treatment includes partial mastectomy or modifi ed 
radical mastectomy with lymph dissection combined with 
chemotherapy and locoregional radiotherapy. Many studies 
indicate that the perioperative period is critical in primary 

cancer therapy because many factors can lead to alterations, 
either through surgical inoculation and the spread of tumor 
cells or because of interference with the immune system [2,3].

Whether certain anesthetic agents can also affect cancer 
progression is still unresolved. Some retrospective studies and 
meta-analyses suggest, that there is a correlation between the 
anesthesia technique, cancer-related mortality, and disease 
recurrence as a result of peri-operative immunosuppression 
induced in cancer patients [4]. 
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Here, we review clinical and experimental studies on 
anesthesia-related parameters in cancer patients that may 
affect the immunological anti-tumor response and tumor 
progression. The literature search was performed in the 
EMBASE and MEDLINE databases using the text words 
"anesthesia," "immune response," and "cancer”. Both clinical 
and experimental studies have been evaluated and included.

Materials and methods

A bibliographic search in PubMed and ScienceDirect 
related to the effects of anesthesia on cancer progression 
and anti-tumor immunity, published from January 2000 
till today was performed. The search was performed by 
combining the following terms: “anesthesia and immunity 
in cancer,” “cancer and anesthetic agents,” and “anesthesia 
and tumor progression.” Our search criteria and inclusion/
exclusion criteria were optimized to reduce doubt common 
in observational studies. The inclusion criteria were formed 
as follows: (1) randomized controlled trials and retrospective 
studies; (2) tumor patients, experimental studies in animals 
with cancer or in vitro cancer cells; (3) retrospective studies 
with adults 18 years or older; (4) studies showing an effect 
of anesthetic and analgesic agents in tumor progression and 
immune response (5) studies published in English; and (6) 
studies with an abstract. All titles and abstracts were fi rst 
screened to identify and exclude studies according to the 
mentioned criteria. All included studies were gathered in a 
list and they were analyzed. A total of 29 studies were found 
relevant to the subject in PubMed and ScienceDirect (Table 1). 

Results

Effect of surgical stress 

Surgery remains a standard policy in the treatment of 
cancer. During surgery, however, tumor inoculation and 
metastasis may occur during the resection of the primary 
tumour [5]. In an in vivo experimental study with a breast 
cancer model, the surgery itself promoted tumor growth, and 
tumor spread through increased Matrix Metalloproteinase 
9 (MMP-9) and Vascular Endothelial Growth Factor (VEGF) 
expression [6]. These experimental observations have been 
supported by clinical studies, where an increase of the VEGF 
levels in the blood of breast cancer patients during mastectomy 
was noted [7]. Moreover, acceleration of metastasis through 
the proliferation of pre-surgery established small inactive 
micro-metastases in distant sites is facilitated by the surgical 
stress [8]. 

Surgical injury activates a complex cascade of cytokine 
response involving pro-infl ammatory and anti-infl ammatory 
interleukins and interferons, affecting cellular immune 
responses and, eventually the anti-tumor immune surveillance 
[9]. The transient inhibition of immune function occurring as 
a response to the peri-operative stress is the main reason for 
postoperative infections, growth of residual cancer cells, and 
metastasis [10]. Specialized T-cells can inhibit or decrease the 
activation of the anti-tumor immune response or even disable 
the normal immune system [11]. The surgical stress leads to a 
decreased immune response, particularly by suppressing the 

Table 1: Summary of studies showing the effect of anesthetic and analgesic agents on tumor progression and immune response.

Reference Type of Study Material Technique / Drugs Outcome 

Clinical studies

Bortsov, et al. 2012 [44] Retrospective Breast cancer (n = 2039 women) Opioids 

G allele results in reduced receptor transcription and 
response to opioid receptor binding. Women with G 

allele had decreased breast cancer-specifi c mortality 
(p < .001). Opioid pathways may be involved in tumor 

growth

Buckley, et al. 2014 [63]
Randomized 

controlled trial
Breast cancer patients (n = 10)

Propofol-paravertebral block 
(PPA) vs sevofl urane-opioid 

general anesthesia (GA) 

GA subjects reduced NK cell activating receptor CD16 
(P = 0.001), IL-10 (p = 0.001), and IL-1β (p = 0.01)

Deegan, et al. 2009 [31]
Randomized 

controlled trial
Breast cancer surgery, MDA-MB-231 

(Adenocarcinoma cell lines)

Propofol/paravertebral (n = 11) or 
sevofl urane GA + opioid analgesia 

(sevofl urane/opioid, n = 11)

the proliferation of MDA-MB-231 in the Propofol/
paravertebral group was signifi cantly reduced 

compared with the sevofl urane/opioid group (p = 
0.01)

Deegan, et al. 2010 [28]
Randomized 

controlled trial
Breast cancer surgery 

Propofol/paravertebral (n = 15) or 
sevofl urane/opioid (n = 17)

Propofol/paravertebral group showed a greater 
decrease postoperative compared with preoperative 
IL-1β (p = 0.003), a signifi cant attenuation in elevated 

MMP-3 (p = 0.011) and MMP-9 (p = 0.02), and a 
signifi cant increase in IL-10 (p = 0.001) 

Desmont, et al. 2015 
[65]

Randomized 
controlled trial

Breast cancer patients (n = 20) standard GA group vs Propofol-
paravertebral group (PPA)

CD4 levels were lower in the GA group compared to 
the PPA group (p = 0.03)

Dong, et al. 2012 [64]
Randomized 

controlled trial
Ovarian cancer patients (n = 61)

general/epidural anesthesia 
(study group) or general 

anesthesia alone (control group)

The study group had signifi cantly higher levels of IL-
10 and IFN-γ (p < 0.001 and p = 0.017, respectively), 
and signifi cantly lower levels of IL-1β and IL-8 (p = 
0.003 and p = 0.020, respectively) at T4 h compared 

with the control group.
Exadaktylos, et al. 2006 

[61]
Retrospective

Mastectomy and axillary clearance 
for breast cancer 

GA+PPA (n = 450)
GA+opioid analgesia (n = 479)

A 4-fold decrease in cancer recurrence in PPA group 
2.5–4 years follow-up 

Levins, et al. 2018 [45]
Randomized 
control trial

Breast cancer (n = 20)

PPA with continuing analgesia 
(PPA, n = 10) or balanced general 
anesthetic with opioid analgesia

(GA, n = 10)

MOR levels were signifi cantly increased in the GA 
intraoperative samples (p = 0.04)
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Lim, et al. 2018 [33]
Randomized 
control trial

Breast cancer surgery (n = 47)
Two groups: Propofol- or 

sevofl urane-based anesthesia

No difference in NK cell count, cytotoxic T lymphocyte 
count, or apoptosis rate was detected between the 

groups 

Montagna, et al. 2021 
[54]

Retrospective
Triple-negative breast cancer (n = 

1143)
Fentanyl, hydromorphone and 

morphine

higher intraoperative opioid dose was associated with 
favorable recurrence-free survival, hazard ratio of 0.93 

(95% confi dence interval 0.88-0.99).

Singleton, et al. 2014 
[43]

Retrospective 
Non-small-cell lung cancer biopsy 

(n = 34) 

MOR staining intensity in patient 
control, total lung cancer, and 

subset of lung cancer with lymph 
node metastasis

Signifi cant difference in staining intensity between 
total lung cancer and the subset of total lung cancer 

with lymph node metastasis (p = 0.0013) 

Zhang, et al. 2022 [53] retrospective Breast cancer patients (n = 80)
remifentanil and 

dexmedetomidine vs remifentanil 
(control group)

1 h during operation and 24 h after operation, the ratio 
of CD4+ and CD4+/CD8+ cells in the research group 

was signifi cantly higher than that of the control group 
(p < 0.05)

Experimental studies

Bimonte, et al. 2015 
[42]

Experimental 
MDA.MB231

Cells (late-stage breast cancer cell 
line)

Morphine
Enhancement of proliferation in breast cancer cells 
treated with morphine concerning control cells (p 

value < 0.05)

Chang, et al 2014 [56] In vitro
Human breast cancer (MCF-7) and 
mammary epithelial (MCF-10A) cell 

lines 

lidocaine and/or bupivacaine
Lidocaine and bupivacaine inhibited the growth of 
both breast tumor cell lines in a dose- and time-

dependent manner (all p < 0.001)

Ecimovic, et al. 2013 
[29]

Experimental 
MCF7 ER(+) and MDA-MB-231 ER(-) 

breast cancer cells  With and without sevofl urane

Sevofl urane increased proliferation in MCF7 cells and 
MDA-MB-231 cells (p < 0.05). Sevofl urane increased 

migration in both breast cancer cell lines, in MCF7 (p = 
0.04) and MDA-MB-231

Forget, et al. 2010 [24] Experimental
Pulmonary metastasis of mammary 
adenocarcinoma (MADB106) in rats

4 groups of treatment: saline, 
fentanyl, clonidine, ketamine

Fentanyl was associated with a signifi cant increase in 
the number of lung metastases (n = 97 ± 17 vs. 31 ± 

11 in the saline group, p < 0.05)

Gach, et al. 2011 [47] Experimental Breast cancer cells Morphine
attenuation of MMP secretion by opioids was not 
mediated by opioid receptors but was under the 

control of nitric oxide system

Gupta, et al. 2002 [19] Experimental Breast cancer cells (MCF-7 cells) Morphine and endomorphin
Clinical use of morphine could potentially be harmful 

in patients with angiogenesis-dependent cancers.

Huang, et al. 2014 [34] Experimental 
prostate adenocarcinoma PC3 cancer 

cell line
Two groups: Isofl urane, Propofol isofl urane should be avoided for use in cancer surgery

Lirk, et al. 2012 [58] In vitro 
Breast cancer cell lines BT-20 (ER-
negative) and MCF-7 (ER-positive) 

lidocaine and procaine
A dose-dependent decrease in DNA methylation in 

response to lidocaine (1, 0.01, and 0.01 mM) after 72 
h (p < 0.001, <0.001, and 0.004, respectively)

Loop, et al. 2002 [27] Experimental
human T-lymphocytes

etomidate, fentanyl, ketamine, 
methohexital, midazolam, 

morphine, Propofol, thiopental

suppressive effect of the sulfated analogs on 
neutrophil function is 10- to 100-fold stronger 

Lucchinetti, et al. 2012 
[55]

In vitro Mesenchymal stem cells from femurs 
lidocaine, ropivacaine, and 

bupivacaine

Antiproliferative effects of ropivacaine on 
mesenchymal stem cells. Cells exposed to increasing 

concentrations of ropivacaine showed a dose-
dependent reduction in proliferation. (p < 0.001)

Luo, et al. 2015 [35] Experimental
Ovarian cancer (SK-OV3) cells 

Isofl urane

 Increased expression of VEGF by 56% (p < 0.05) 
and angiopoietin-1 by 62% (p < 0.05) after isofl urane 

exposure. Cell migration was also signifi cantly 
increased (p < 0.05) by fi ve-fold relative to control.

Mammoto, et al. 2002 
[59]

In vitro 

Epithelial cells from patients 
with Fibrosarcoma (HT1080), 

Osteosarcoma cells (HOS), malignant 
melanoma (RPMI-7951)

Lidocaine 

Lidocaine inhibited the invasive ability of human 
cancer (HT1080, HOS, and RPMI-7951) cells at 

concentrations used in surgical operations (5–20 
mM)

Melamed, et al. 2003 
[22]

Experimental 
Pulmonary metastasis of mammary 
adenocarcinoma (MADB106) in rats

halothane, diazepam, 
ketamine+diazepam, Propofol, 

thiopental

Lung tumor retention is signifi cantly larger in 
ketamine (P = 0.23)

and thiopental (P = 0.056) 
groups

Ohta, et al. 2009 [33] Experimental
bone marrow-derived Dendric Cells 

(DCs)
ketamine

ketamine inhibits the functional maturation of DCs 
and interferes with DC induction of Th1 immunity (p 

= 0.025)

Roesslein, et al. 2008 
[26]

Experimental 
Human CD3+ T-lymphocytes 

Thiopental, pentobarbital, 
etomidate, ketamine, midazolam, 

or Propofol
Thiopental protects against T-lymphocyte apoptosis

Tegeder, et al. 2003 
[46]

experimental Breast cancer cells Morphine 
morphine signals could be transduced by opioid 

receptors via a G protein.

Xu, et al. 2014 [14] Experimental breast and colon cancer models  COX-2 Blockade
The COX-2/PGE2 pathway promotes VEGF-

independent angiogenesis 

Yoon, et al. 2010 [57] In vitro 
non-tumorigenic mammary epithelial 

and breast tumor cells 
Lidocaine and Tetracaine

Tetracaine provides a mechanism for the ability to 
decrease metastatic progression.

PPA: Propofol-Paravertebral Block; GA: General Anaesthesia; NK: Natural Killers; MDA-MB-231: Adenocarcinoma Cell Lines; MMP: Matrix Metalloproteinase; CO-2: 
Cyclooxygenase-2; Th: T-helper; MOR: μ-Opioid Receptor; NSAID: Non-Steroid Anti-Infl ammatory Drugs; IFN-γ: Interferon; VEGF: Vascular Endothelial Growth Factor; PGE2: 
Prostaglandin E2; 
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NK cell activity, which starts within hours after the operation 
and can last for days. This effect is related to the severity, 
duration, and extension of the surgery [12]. The intensity of the 
peri-operative stress can activate the hypothalamic-pituitary 
adrenal-axis (HPA-axis) and the sympathetic nervous system 
(SNS) to produce more catecholamines and prostaglandins, 
a fact that leads to changes the NK cell activity [2]. In 
experimental breast cancer models, intraoperative stress could 
affect tumor development, probably because of catecholamine 
release, leading to an inhibition of the natural killer T cells 
function and thus to a decreased resistance to the metastasis 
procedure [13]. Clinically, it is shown that surgery can decrease 
circulating NK and T cells through the programmed death-1 
(PD-1) and programmed death–ligand 1 (PD-L1) pathway due 
to the enhancement of PD-1 expression on immune cells [14]. 
The function of the natural killer T cells may also be reduced 
peri-operatively due to unintended hypothermia, suggesting 
that many other factors can infl uence the resistance of the 
metastasis and thus the long-term outcome of breast cancer 
[15]. 

A wide interest has been raised concerning the role of 
a naturally occurring lymphocyte sub-population, like the 
CD4+CD25+ regulatory T cells (Tregs), that are featured by 
expression of the forked-head transcription factor Foxp3, that 
has potent immuno-regulatory activity [16]. High intratumoral 
infi ltration by Foxp3+Tregs in breast cancer patients relates to 
a higher risk of late recurrence [17]. Moreover, an increased 
concentration of Tregs in the peripheral blood of breast 
cancer patients has been related to the advanced stage of the 
disease [18]. Additionally, the Foxp3-related regulatory T-cell 
activity promotes intratumoral angiogenesis and is linked 
with pathological features of clinical aggressiveness in breast 
malignancies [19]. 

Anesthesia, tumor progression and immune sur-
veillance

Anesthetic agents have complex interactions with cancer 
cells and immunity, and different classes of anesthetics interact 
differentially [20]. A direct mutagenic effect has been reported, 
which may affect the genetic diversity in tumor cells, boosting 
cancer aggressiveness and metastatic behaviour [21]. Anesthetic 
and analgesics can also induce proliferation, angiogenesis, 
and apoptosis [22] and interfere with the immune response in 
cancer patients after surgery [20]. Chemical mediators such as 
cyclooxygenase-2 and prostaglandins E2, can be released as a 
response of the human body to anesthetic drugs, changing the 
tumor homeostasis and stimulating cancer relapse [23]. They 
also promote the release of immuno-regulatory factors, such 
as interleukin 4 [IL-4] and IL-10, transforming growth factor 
beta (TGF-), and VEGF, as well as pro-infl ammatory cytokines 
IL-6 and IL-8, which stimulate the tumor angiogenesis and 
metastasis and have a direct effect on immune surveillance 
[24,25]. 

Ketamine and thiopental

Ketamine is a dissociative agent and can be used for 
induction and maintenance the anesthesia, and also for the 

treatment of depression and chronic pain. Thiopental is a 
rapid-onset short-acting barbiturate general anesthetic 
and nowadays is oft supplanted by Propofol. Both agents 
have strong immunosuppressive effects. These suppress NK 
cell cytotoxic activity [23]. Ketamine activates the human 
lymphocyte apoptosis via the mitochondrial pathway [24] 
and suppresses the functional maturation of the dendritic cell 
(DC) [25]. Induction of heat-shock proteins by thiopental has 
also been reported [26]. Ketamine also reduces the release of 
pro-infl ammatory cytokines such as IL-6 and tumor necrosis 
factor- (TNF-), and thiopental represses the function of 
the neutrophils and blocks the nuclear factor kappa B (NF-B) 
pathway. The NF-B suppression from thiopental is associated 
with the inhibition of NF-B-driven reporter gene activity, 
blocking T-lymphocyte activation, as well as IL-2, IL-6, IL-8, 
and IFN- expression [27]. 

Volatile anesthetics

The inhalational agents, such as sevofl urane, isofl urane, 
and desfl urane, are used for induction and maintenance of 
general anesthesia, they are safe for children and pregnant 
with a rapid onset and offset. In breast cancer patients 
undergoing surgery, sevofl urane can increase the levels of 
pro-tumorigenic cytokines and MMPs [28]. Additionally, it has 
also been shown that sevofl urane promotes the proliferation, 
migration, and invasion of Estrogen Receptor (ER)-positive 
and ER- negative cells [29]. Furthermore, sevofl urane 
upregulates HIF-1 expression [30]. In an interesting study, 
serum from breast cancer patients who received anesthesia 
with sevofl urane combined with an opioid did not suppress 
breast cancer cell proliferation, in contrast to the inhibition 
conferred by the serum of patients receiving Propofol combined 
with paravertebral anaesthesia [31]. In another study, 
sevofl urane reduced the levels of Polymorphonuclear Cells 
(PMNs), blocked the release of IL-1 and TNF- from human 
Peripheral Blood Mononuclear Cells (PBMCs), and suppressed 
NK cell cytotoxicity and cytokine-associated NK cell activation 
[32]. In contrast, studies in patients who received Propofol and 
sevofl urane-based anesthesia did not observe any effect on NK 
cells [33]. 

Isofl urane at concentrations used in clinical practice, 
similarly to sevofl urane, activates the Hypoxia-Inducible-
Factor 1 (HIF-1) in cancer cells in a dose-dependent manner, 
promotes its translocation to the nuclei and enhances the 
transcription of down-stream genes involved in glycolysis, 
angiogenesis and overall development of an aggressive 
cancer cell phenotype characterized by increased cellular 
proliferation, invasiveness, and VEGF expression [34]. This 
effect is prevented by Propofol, which blocks HIF1 induction 
by isofl urane, hypoxia, and hypoxia mimetic agents. Moreover, 
the authors showed that isofl urane promotes resistance of 
cancer cells to docetaxel chemotherapy. In a relevant study, 
isofl urane enhanced the malignant potential of ovarian 
cancer cells through the upregulation of Insulin-like Growth 
Factor (IGF)-1 and its receptor IGF-1R, as well as of VEGF, 
angiopoietin-1, MMP-2 and MMP-9 [35]. 

Overall, Volatile Anesthetics (VA) can affect the function 
of neutrophils, macrophages, and natural killer cells due to 
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a combined effect on multiple targets. VAs target receptors 
on NK cells preventing adhesion to cancer cells and blocking 
the degranulation of lytic enzymes preventing NK-mediated 
cytotoxicity. Similar effects of VA on macrophages have been 
reported, as these block the secretion of TNF and phagocytosis. 
VA can also target calcium channels in neutrophils repressing 
their activation [36]. T cell proliferation can also be inhibited 
by Vas [37]. A retrospective study suggested that VA used for 
surgery of cancer patients was linked with 1.5-fold higher 
disease-related death events compared to intravenous 
anesthetics [38]. 

Opioids

Opioids are drugs that have medically been used for 
pain relief, including anesthesia. Opioids work by binding 
to opioid receptors in the central and peripheral nervous 
system and the gastrointestinal tract. The opiates included 
morphine, and other semi-synthetic and synthetic opiates 
such as hydrocodone, oxycodone, and fentanyl. The commonly 
used in anesthesia opioid drugs may also affect cancer 
progression through modulation of cell proliferation and death 
pathways [39]. Although morphine plays an important role 
in the management of cancer pain, μ-Opioid Receptor (MOR) 
is associated with tumor progression in some cancer types; 
thus, it could get involved in metastasis and tumor relapse 
depending on the tumor type [40]. Opioids also induce the 
proliferation of endothelial cells and angiogenesis through 
MAP-kinase activation [41]. Morphine, in clinically applied 
doses, enhances tumor neovascularization and cancer growth 
[39,42]. Overexpression of the MOR, which boosts tumor 
growth and metastasis, is detected in several human cancers 
[43]. 

A transnational study of > 2,000 women with breast cancer 
suggested that a single gene polymorphism of the MOR gene 
(A118G) is associated with increased survival after ten years 
in breast cancer patients [44]. However, in another study, it 
was reported that MOR expression was increased in the tumors 
of patients who underwent operation with opioid general 
anesthesia compared with those who had received general 
anesthesia with Propofol and paravertebral block, but there 
was no signifi cant infl uence on the expression of immune cell 
markers [45]. 

Morphine also induces p53 phosphorylation and 
stabilization in breast cancer cells expressing wild-type p53 
and causes increased production of p53-dependent proteins, 
including p21, Bax, and Fas [46]. These records indicate that 
morphine may delay the development of specifi c cancers by 
activating p53. Furthermore, it is suggested that morphine can 
suspend the expression and secretion of MMP-2 and MMP-9 
in breast cancer cells in a time- and concentration-related way 
[47]. 

Opioid agents may also reduce the natural and adaptive 
immune response by binding to expressed opioid receptors 
on immune cells. Morphine is a classic μ-receptor agonist, 
and T-cells express these receptors. Morphine has been 
shown to induce secretion of the anti-infl ammatory IL-4 

by T-cells [48]. Chronic morphine administration has been 
correlated with increased levels of regulatory T-cells in the 
blood of experimental animals [49]. B-cells also express opioid 
receptors. The activity of morphine on NK cells is complex, as 
low doses seem to activate NKs, while high doses block their 
cytotoxic activity [50]. Concerning macrophages, morphine 
suppresses their phagocytic potential by activating μ- and 2-
receptors [51]. Finally, dendritic cells also express different 
opioid receptors, and morphine can have divergent effects on 
their function [52]. 

In a study, the levels of CD4+cells and the CD4+/CD8+ 
ratio in breast cancer patients who underwent modifi ed 
radical mastectomy under remifentanil combined with 
dexmedetomidine anesthesia were signifi cantly higher than 
the ones recorded in a control group treated with remifentanil 
alone. The levels of CD8+ cells were lower one hour after 
the beginning of the operation and 24 hours after the 
operation, suggesting that dexmedetomidine can reduce the 
immunosuppressive effects of remifentanil [53]. Furthermore, 
Gong et al. showed that the use of opioids in anesthesia 
could induce immunosuppression by increasing the ratio of 
CD4+ CD25+Foxp3+ Tregs (T-regulatory cells) population, 
suggesting that the opioid agents should be avoided in patients 
with malignancies. Additionally, they found no specifi c effects 
of the sufentanil in comparison with fentanyl anesthesia on 
Treg-counts and Foxp3 mRNA expressions during surgery, 
although sufentanil had a stronger effect in the increase of the 
amount of Tregs [11]. 

In a more recent study was found that the intraoperative use 
of opioids is associated with improved recurrence-free survival 
in patients with triple-negative breast cancer, suggesting that 
opioids may have a controversial effect on different types of 
breast cancer; thus, more studies in this fi eld are required [54].

Local anaesthetics

Local anesthetics can be used to prevent and/or treat 
acute pain and chronic pain and as a supplement to general 
anesthesia. They are categorized as low, medium, and high 
according to their duration of action and potency. Local 
anesthetics block Voltage-Gated Sodium Transmembrane 
Channels (VGSC). VGSCs are highly expressed and active in 
breast, colon, and lung cancers and are involved in tumor 
growth control. In particular, lidocaine, ropivacaine, and 
bupivacaine have an anti-proliferation and anti-differentiation 
effect and are cytotoxic against mesenchymal stem cells 
(MSCs) in in vitro studies [55]. Chang et al. suggested that the 
use of lidocaine and bupivacaine in clinically relevant doses can 
lead to apoptosis of breast cancer cells in vitro and vivo [56]. 
Lidocaine and tetracaine, which both inhibit kinesin motor 
proteins, reduce the formation and function of tubulin micro-
tentacles; thus, these drugs may have an unnoticed so far 
capacity to decrease metastatic spread in breast cancer cells 
[57]. The use of lidocaine in clinically applied doses promotes 
DNA- demethylation in ER-positive and ER-negative breast 
cancer cells in in vitro studies [58]. Additionally, lidocaine 
blocks invasion of the cancer cells by modulating intracellular 
Ca2+ concentrations and inhibiting ectodomain shedding of 
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heparin-binding epidermal growth factor from cell membranes 
[59]. Furthermore, lidocaine, ropivacaine, and bupivacaine 
reduce MSC proliferation by causing cell cycle delay or arrest 
at the G0/1-S phase [53]. However, it could not be determined 
whether the observed reduction of the T cell concentration was 
due to decreased IFN-, increased cortisol, impaired antigen 
presentation, surgical stress, or a combination of all these 
factors.

Moreover, O’Riain et al. found that the combination of 
general anesthesia with paravertebral anesthesia can lead to the 
reduction of surgical stress during mastectomy and provide the 
most favorable postsurgical pain management in comparison 
with the general anesthesia itself. Moreover, they found no 
increase in the postoperative concentration of the VEGF and 
Prostaglandin E2 (PGE2) [60]. A retrospective study of breast 
cancer patients who underwent surgery demonstrated that 
the incidence of the recurrence of the disease depends on the 
type of anesthesia, and it seems to be less frequent in patients 
who have received a combination of a general anesthetic with 
the paravertebral block in comparison to patients receiving a 
combined general with opiate analgesia [61]. 

Buckley et al. observed decreased IL-10 expression in NK 
cells in the serum of patients who underwent breast surgery 
under general anaesthesia [62]. IL-10 is produced by Type 
2 helper T cells and is involved in the inhibition of pro-
infl ammatory cytokines and the down-regulation of cell-
mediated tumor immunity [63]. In addition, IL-10 inhibits 
tumor metastasis through an NK-dependent mechanism 
[28]. Of interest, an increase of IL-10 levels in the serum of 
patients with ovarian cancer undergoing surgery with the use 
of regional anesthetic techniques was found [64]. 

An interesting study by Desmond et al. evaluated the 
effects of anesthesia on the infi ltration of immune cells in 
breast cancer tissue in patients with primary breast cancer. 
Paravertebral regional anesthesia combined with Propofol led 
to an increase in the infi ltration of breast cancer tissue by NK 
cells and T helper cells [65]. 

Discussion

In conclusion, currently available preclinical and clinical 
studies suggest that anaesthetic-induced immunosuppression 
may promote cancer recurrence in patients with certain types 
of cancer. Volatile anesthetics promote immunosuppression 
and boost infl ammatory cascade activation. Opioids might 
enhance cancer relapse and metastasis. In vitro and in vivo 
studies demonstrated that local anesthetics inhibit the 
proliferation and migration of cancer cells and induce apoptosis 
[66]. Nevertheless, regional anesthesia and Propofol-based 
anesthesia seem to reduce surgical stress, peri-operative 
immunosuppression, and angiogenesis compared to general 
anesthesia with volatile anesthetics and opioids. 

Briefl y, it is suggested that the peri-operative management 
of cancer patients should focus on the reduction of surgical 
stress, the minimization of the use of opioids, and the adoption 
of regional anesthetics. This could have an impact on anti-
tumour immunity and the outcome of cancer patients [67]. 

Conclusion

The overall experience suggests that the peri-operative 
period and management of cancer patients is critical in 
primary cancer therapy and prognosis, thus, it should focus on 
the reduction of surgical stress, the minimization of the use of 
opioids, and the adoption of regional anesthetics. This could 
have an impact on anti-tumour immunity and the outcome of 
cancer patients.

Authors` contributions

All authors contributed equally to the manuscript and read 
and approved the fi nal version of the manuscript. All authors 
read and approved the fi nal version of the manuscript.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2020. CA Cancer J Clin. 2020 
Jan;70(1):7-30. doi: 10.3322/caac.21590. Epub 2020 Jan 8. PMID: 31912902.

2. Heaney A, Buggy DJ. Can anaesthetic and analgesic techniques affect cancer 
recurrence or metastasis? Br J Anaesth. 2012 Dec;109 Suppl 1:i17-i28. doi: 
10.1093/bja/aes421. PMID: 23242747. 

3. Baum M, Demicheli R, Hrushesky W, Retsky M. Does surgery unfavourably 
perturb the "natural history" of early breast cancer by accelerating the 
appearance of distant metastases? Eur J Cancer. 2005 Mar;41(4):508-15. doi: 
10.1016/j.ejca.2004.09.031. Epub 2005 Jan 18. PMID: 15737554.

4. Kim R. Effects of surgery and anesthetic choice on immunosuppression and 
cancer recurrence. J Transl Med. 2018 Jan 18;16(1):8. doi: 10.1186/s12967-
018-1389-7. PMID: 29347949; PMCID: PMC5774104.

5. Coffey JC, Wang JH, Smith MJ, Bouchier-Hayes D, Cotter TG, Redmond HP. 
Excisional surgery for cancer cure: therapy at a cost. Lancet Oncol. 2003 
Dec;4(12):760-8. doi: 10.1016/s1470-2045(03)01282-8. PMID: 14662433. 

6. Zhao T, Xia WH, Zheng MQ, Lu CQ, Han X, Sun YJ. Surgical excision promotes 
tumor growth and metastasis by promoting expression of MMP-9 and VEGF in 
a breast cancer model. Exp Oncol. 2008 Mar;30(1):60-4. PMID: 18438343.

7. Looney M, Doran P, Buggy DJ. Effect of anesthetic technique on serum 
vascular endothelial growth factor C and transforming growth factor β in 
women undergoing anesthesia and surgery for breast cancer. Anesthesiology. 
2010 Nov;113(5):1118-25. doi: 10.1097/ALN.0b013e3181f79a69. PMID: 
20930611.

8. Demicheli R, Miceli R, Moliterni A, Zambetti M, Hrushesky WJ, Retsky MW, 
Valagussa P, Bonadonna G. Breast cancer recurrence dynamics following 
adjuvant CMF is consistent with tumor dormancy and mastectomy-driven 
acceleration of the metastatic process. Ann Oncol. 2005 Sep;16(9):1449-57. 
doi: 10.1093/annonc/mdi280. Epub 2005 Jun 14. PMID: 15956037.

9. Lin E, Calvano SE, Lowry SF. Infl ammatory cytokines and cell response in 
surgery. Surgery. 2000 Feb;127(2):117-26. doi: 10.1067/msy.2000.101584. 
PMID: 10686974.

10. Adesoye T, Lucci A. Current Surgical Management of Infl ammatory Breast 
Cancer. Ann Surg Oncol. 2021 Oct;28(10):5461-5467. doi: 10.1245/s10434-
021-10522-z. Epub 2021 Aug 3. PMID: 34346020.

11. Gong L, Qin Q, Zhou L, Ouyang W, Li Y, Wu Y, Li Y. Effects of fentanyl anesthesia 
and sufentanil anesthesia on regulatory T cells frequencies. Int J Clin Exp 
Pathol. 2014 Oct 15;7(11):7708-16. PMID: 25550807; PMCID: PMC4270602.

12. Kavanagh T, Buggy DJ. Can anaesthetic technique effect postoperative 
outcome? Curr Opin Anaesthesiol. 2012 Apr;25(2):185-98. doi: 10.1097/
ACO.0b013e32834f6c4c. PMID: 22270920. 



020

https://www.clinsurggroup.us/journals/journal-of-surgery-and-surgical-research

Citation: lyronis G, Efremidou E, Zachou ME, Kaprana A, Koukourakis M, et al. (2024) The effects of anesthesia on cancer progression and anti-tumor immunity. A 
review. J Surg Surgical Res 10(1): 014-021. DOI: https://dx.doi.org/10.17352/2455-2968.000161

13. Ben-Eliyahu S, Shakhar G, Page GG, Stefanski V, Shakhar K. Suppression of 
NK cell activity and of resistance to metastasis by stress: a role for adrenal 
catecholamines and beta-adrenoceptors. Neuroimmunomodulation. 
2000;8(3):154-64. doi: 10.1159/000054276. PMID: 11124582.

14. Xu P, Zhang P, Sun Z, Wang Y, Chen J, Miao C. Surgical trauma induces 
postoperative T-cell dysfunction in lung cancer patients through the 
programmed death-1 pathway. Cancer Immunol Immunother. 2015 
Nov;64(11):1383-92. doi: 10.1007/s00262-015-1740-2. Epub 2015 Jul 17. 
PMID: 26183035.

15. Ben-Eliyahu S, Shakhar G, Rosenne E, Levinson Y, Beilin B. Hypothermia 
in barbiturate-anesthetized rats suppresses natural killer cell activity 
and compromises resistance to tumor metastasis: a role for adrenergic 
mechanisms. Anesthesiology. 1999 Sep;91(3):732-40. doi: 10.1097/00000542-
199909000-00026. PMID: 10485785.

16. Fontenot JD, Rasmussen JP, Williams LM, Dooley JL, Farr AG, Rudensky AY. 
Regulatory T cell lineage specifi cation by the forkhead transcription factor 
foxp3. Immunity. 2005 Mar;22(3):329-41. doi: 10.1016/j.immuni.2005.01.016. 
PMID: 15780990.

17. Bates GJ, Fox SB, Han C, Leek RD, Garcia JF, Harris AL, Banham AH. 
Quantifi cation of regulatory T cells enables the identifi cation of high-risk 
breast cancer patients and those at risk of late relapse. J Clin Oncol. 2006 Dec 
1;24(34):5373-80. doi: 10.1200/JCO.2006.05.9584. PMID: 17135638.

18. Perez SA, Karamouzis MV, Skarlos DV, Ardavanis A, Sotiriadou NN, Iliopoulou 
EG, Salagianni ML, Orphanos G, Baxevanis CN, Rigatos G, Papamichail M. 
CD4+CD25+ regulatory T-cell frequency in HER-2/neu (HER)-positive and HER-
negative advanced-stage breast cancer patients. Clin Cancer Res. 2007 May 
1;13(9):2714-21. doi: 10.1158/1078-0432.CCR-06-2347. PMID: 17473204.

19. Gupta S, Joshi K, Wig JD, Arora SK. Intratumoral FOXP3 expression 
in infi ltrating breast carcinoma: Its association with clinicopathologic 
parameters and angiogenesis. Acta Oncol. 2007;46(6):792-7. doi: 
10.1080/02841860701233443. PMID: 17653902.

20. Neeman E, Ben-Eliyahu S. Surgery and stress promote cancer metastasis: new 
outlooks on perioperative mediating mechanisms and immune involvement. 
Brain Behav Immun. 2013 Mar;30 Suppl(Suppl):S32-40. doi: 10.1016/j.
bbi.2012.03.006. Epub 2012 Apr 4. PMID: 22504092; PMCID: PMC3423506.

21. Braz MG, Karahalil B. Genotoxicity of Anesthetics Evaluated In Vivo (Animals). 
Biomed Res Int. 2015;2015:280802. doi: 10.1155/2015/280802. Epub 2015 
Jun 24. PMID: 26199936; PMCID: PMC4495175. 

22. Melamed R, Bar-Yosef S, Shakhar G, Shakhar K, Ben-Eliyahu S. Suppression 
of natural killer cell activity and promotion of tumor metastasis by ketamine, 
thiopental, and halothane, but not by propofol: mediating mechanisms and 
prophylactic measures. Anesth Analg. 2003 Nov;97(5):1331-1339. doi: 
10.1213/01.ANE.0000082995.44040.07. PMID: 14570648.

23. Fodale V, D'Arrigo MG, Triolo S, Mondello S, La Torre D. Anesthetic techniques 
and cancer recurrence after surgery. Scientifi cWorldJournal. 2014 Feb 
6;2014:328513. doi: 10.1155/2014/328513. PMID: 24683330; PMCID: 
PMC3933020.

24. Forget P, Collet V, Lavand'homme P, De Kock M. Does analgesia and 
condition infl uence immunity after surgery? Effects of fentanyl, ketamine and 
clonidine on natural killer activity at different ages. Eur J Anaesthesiol. 2010 
Mar;27(3):233-40. doi: 10.1097/EJA.0b013e32832d540e. PMID: 19487949.

25. Ohta N, Ohashi Y, Fujino Y. Ketamine inhibits maturation of bone marrow-
derived dendritic cells and priming of the Th1-type immune response. Anesth 
Analg. 2009 Sep;109(3):793-800. doi: 10.1213/ane.0b013e3181adc384. 
PMID: 19690248.

26. Roesslein M, Schibilsky D, Muller L, Goebel U, Schwer C, Humar M, Schmidt 
R, Geiger KK, Pahl HL, Pannen BH, Loop T. Thiopental protects human 
T lymphocytes from apoptosis in vitro via the expression of heat shock 
protein 70. J Pharmacol Exp Ther. 2008 Apr;325(1):217-25. doi: 10.1124/
jpet.107.133108. Epub 2008 Jan 24. PMID: 18218830.

27. Loop T, Liu Z, Humar M, Hoetzel A, Benzing A, Pahl HL, Geiger KK, J Pannen BH. 
Thiopental inhibits the activation of nuclear factor kappaB. Anesthesiology. 
2002 May;96(5):1202-13. doi: 10.1097/00000542-200205000-00025. PMID: 
11981162.

28. Deegan CA, Murray D, Doran P, Moriarty DC, Sessler DI, Mascha E, 
Kavanagh BP, Buggy DJ. Anesthetic technique and the cytokine and matrix 
metalloproteinase response to primary breast cancer surgery. Reg Anesth 
Pain Med. 2010 Nov-Dec;35(6):490-5. doi: 10.1097/AAP.0b013e3181ef4d05. 
PMID: 20975461.

29. Ecimovic P, McHugh B, Murray D, Doran P, Buggy DJ. Effects of sevofl urane on 
breast cancer cell function in vitro. Anticancer Res. 2013 Oct;33(10):4255-60. 
PMID: 24122989.

30. Tavare AN, Perry NJ, Benzonana LL, Takata M, Ma D. Cancer recurrence after 
surgery: direct and indirect effects of anesthetic agents. Int J Cancer. 2012 
Mar 15;130(6):1237-50. doi: 10.1002/ijc.26448. Epub 2011 Nov 9. PMID: 
21935924.

31. Deegan CA, Murray D, Doran P, Ecimovic P, Moriarty DC, Buggy DJ. Effect 
of anaesthetic technique on oestrogen receptor-negative breast cancer cell 
function in vitro. Br J Anaesth. 2009 Nov;103(5):685-90. doi: 10.1093/bja/
aep261. Epub 2009 Sep 22. Erratum in: Br J Anaesth. 2010 Apr;104(4):516. 
PMID: 19776028.

32. Stollings LM, Jia LJ, Tang P, Dou H, Lu B, Xu Y. Immune Modulation by 
Volatile Anesthetics. Anesthesiology. 2016 Aug;125(2):399-411. doi: 10.1097/
ALN.0000000000001195. PMID: 27286478; PMCID: PMC5074538.

33. Lim JA, Oh CS, Yoon TG, Lee JY, Lee SH, Yoo YB, Yang JH, Kim SH. The effect 
of propofol and sevofl urane on cancer cell, natural killer cell, and cytotoxic T 
lymphocyte function in patients undergoing breast cancer surgery: an in vitro 
analysis. BMC Cancer. 2018 Feb 7;18(1):159. doi: 10.1186/s12885-018-4064-
8. PMID: 29415668; PMCID: PMC5803927. 

34. Huang H, Benzonana LL, Zhao H, Watts HR, Perry NJ, Bevan C, Brown R, Ma 
D. Prostate cancer cell malignancy via modulation of HIF-1α pathway with 
isofl urane and propofol alone and in combination. Br J Cancer. 2014 Sep 
23;111(7):1338-49. doi: 10.1038/bjc.2014.426. Epub 2014 Jul 29. PMID: 
25072260; PMCID: PMC4183852.

35. Luo X, Zhao H, Hennah L, Ning J, Liu J, Tu H, Ma D. Impact of isofl urane 
on malignant capability of ovarian cancer in vitro. Br J Anaesth. 2015 
May;114(5):831-9. doi: 10.1093/bja/aeu408. Epub 2014 Dec 13. PMID: 
25501719.

36. Yuki K, Eckenhoff RG. Mechanisms of the Immunological Effects of Volatile 
Anesthetics: A Review. Anesth Analg. 2016 Aug;123(2):326-35. doi: 10.1213/
ANE.0000000000001403. PMID: 27308954; PMCID: PMC4851113.

37. Kurosawa S, Kato M. Anesthetics, immune cells, and immune responses. J 
Anesth. 2008;22(3):263-77. doi: 10.1007/s00540-008-0626-2. Epub 2008 Aug 
7. PMID: 18685933. 

38. Wigmore TJ, Mohammed K, Jhanji S. Long-term Survival for Patients 
Undergoing Volatile versus IV Anesthesia for Cancer Surgery: A Retrospective 
Analysis. Anesthesiology. 2016 Jan;124(1):69-79. doi: 10.1097/
ALN.0000000000000936. PMID: 26556730.

39. Gupta K, Kshirsagar S, Chang L, Schwartz R, Law PY, Yee D, Hebbel RP. 
Morphine stimulates angiogenesis by activating proangiogenic and survival-
promoting signaling and promotes breast tumor growth. Cancer Res. 2002 
Aug 1;62(15):4491-8. PMID: 12154060.

40. Juneja R. Opioids and cancer recurrence. Curr Opin Support Palliat Care. 2014 
Jun;8(2):91-101. doi: 10.1097/SPC.0000000000000056. PMID: 24759319. 

41. Leo S, Nuydens R, Meert TF. Opioid-induced proliferation of vascular 
endothelial cells. J Pain Res. 2009 May 8;2:59-66. doi: 10.2147/jpr.s4748. 
PMID: 21197294; PMCID: PMC3004619.



021

https://www.clinsurggroup.us/journals/journal-of-surgery-and-surgical-research

Citation: lyronis G, Efremidou E, Zachou ME, Kaprana A, Koukourakis M, et al. (2024) The effects of anesthesia on cancer progression and anti-tumor immunity. A 
review. J Surg Surgical Res 10(1): 014-021. DOI: https://dx.doi.org/10.17352/2455-2968.000161

42. Bimonte S, Barbieri A, Rea D, Palma G, Luciano A, Cuomo A, Arra C, Izzo F. 
Morphine Promotes Tumor Angiogenesis and Increases Breast Cancer 
Progression. Biomed Res Int. 2015;2015:161508. doi: 10.1155/2015/161508. 
Epub 2015 May 3. PMID: 26064880; PMCID: PMC4433634. 

43. Singleton PA, Mirzapoiazova T, Hasina R, Salgia R, Moss J. Increased μ-opioid 
receptor expression in metastatic lung cancer. Br J Anaesth. 2014 Jul;113 
Suppl 1(Suppl 1):i103-8. doi: 10.1093/bja/aeu165. Epub 2014 Jun 11. PMID: 
24920011; PMCID: PMC4111280.

44. Bortsov AV, Millikan RC, Belfer I, Boortz-Marx RL, Arora H, McLean SA. 
μ-Opioid receptor gene A118G polymorphism predicts survival in patients 
with breast cancer. Anesthesiology. 2012 Apr;116(4):896-902. doi: 10.1097/
ALN.0b013e31824b96a1. PMID: 22433205; PMCID: PMC3310356.

45. Levins KJ, Prendeville S, Conlon S, Buggy DJ. The effect of anesthetic 
technique on μ-opioid receptor expression and immune cell infi ltration in 
breast cancer. J Anesth. 2018 Dec;32(6):792-796. doi: 10.1007/s00540-018-
2554-0. Epub 2018 Sep 18. PMID: 30229370; PMCID: PMC6267716.

46. Tegeder I, Grösch S, Schmidtko A, Häussler A, Schmidt H, Niederberger 
E, Scholich K, Geisslinger G. G protein-independent G1 cell cycle block and 
apoptosis with morphine in adenocarcinoma cells: involvement of p53 
phosphorylation. Cancer Res. 2003 Apr 15;63(8):1846-52. PMID: 12702572.

47. Gach K, Szemraj J, Wyrę bska A, Janecka A. The infl uence of opioids on matrix 
metalloproteinase-2 and -9 secretion and mRNA levels in MCF-7 breast cancer 
cell line. Mol Biol Rep. 2011; 38:1231–6. 

48. Börner C, Lanciotti S, Koch T, Höllt V, Kraus J. μ opioid receptor agonist-
selective regulation of interleukin-4 in T lymphocytes. J Neuroimmunol. 2013 
Oct 15;263(1-2):35-42. doi: 10.1016/j.jneuroim.2013.07.012. Epub 2013 Jul 
25. PMID: 23965172.

49. Cornwell WD, Lewis MG, Fan X, Rappaport J, Rogers TJ. Effect of chronic 
morphine administration on circulating T cell population dynamics in rhesus 
macaques. J Neuroimmunol. 2013 Dec 15;265(1-2):43-50. doi: 10.1016/j.
jneuroim.2013.09.013. Epub 2013 Sep 20. PMID: 24090653; PMCID: 
PMC3852163. 

50. Yokota T, Uehara K, Nomoto Y. Addition of noradrenaline to intrathecal 
morphine augments the postoperative suppression of natural killer cell 
activity. J Anesth. 2004;18(3):190-5. doi: 10.1007/s00540-004-0247-3. PMID: 
15290418. 

51. Tomassini N, Renaud F, Roy S, Loh HH. Morphine inhibits Fc-mediated 
phagocytosis through mu and delta opioid receptors. J Neuroimmunol. 2004 
Feb;147(1-2):131-3. doi: 10.1016/j.jneuroim.2003.10.028. PMID: 14741444. 

52. Bénard A, Boué J, Chapey E, Jaume M, Gomes B, Dietrich G. Delta opioid 
receptors mediate chemotaxis in bone marrow-derived dendritic cells. J 
Neuroimmunol. 2008 Jun 15;197(1):21-8. doi: 10.1016/j.jneuroim.2008.03.020. 
Epub 2008 May 16. PMID: 18486241.

53. Zhang Y, Jiang W, Luo X. Remifentanil combined with dexmedetomidine on 
the analgesic effect of breast cancer patients undergoing modifi ed radical 
mastectomy and the infl uence of perioperative T lymphocyte subsets. Front 
Surg. 2022 Nov 8;9:1016690. doi: 10.3389/fsurg.2022.1016690. PMID: 
36425893; PMCID: PMC9680973.

54. Montagna G, Gupta HV, Hannum M, Tan KS, Lee J, Scarpa JR, Plitas G, Irie 
T, McCormick PJ, Fischer GW, Morrow M, Mincer JS. Intraoperative opioids 
are associated with improved recurrence-free survival in triple-negative 
breast cancer. Br J Anaesth. 2021 Feb;126(2):367-376. doi: 10.1016/j.
bja.2020.10.021. Epub 2020 Nov 19. PMID: 33220939; PMCID: PMC8014943.

55. Lucchinetti E, Awad AE, Rahman M, Feng J, Lou PH, Zhang L, Ionescu L, 
Lemieux H, Thébaud B, Zaugg M. Antiproliferative effects of local anesthetics 

on mesenchymal stem cells: potential implications for tumor spreading 
and wound healing. Anesthesiology. 2012 Apr;116(4):841-56. doi: 10.1097/
ALN.0b013e31824babfe. PMID: 22343474. 

56. Chang YC, Liu CL, Chen MJ, Hsu YW, Chen SN, Lin CH, Chen CM, Yang FM, Hu 
MC. Local anesthetics induce apoptosis in human breast tumor cells. Anesth 
Analg. 2014 Jan;118(1):116-24. doi: 10.1213/ANE.0b013e3182a94479. PMID: 
24247230.

57. Yoon JR, Whipple RA, Balzer EM, Cho EH, Matrone MA, Peckham M, Martin 
SS. Local anesthetics inhibit kinesin motility and microtentacle protrusions 
in human epithelial and breast tumor cells. Breast Cancer Res Treat. 2011 
Oct;129(3):691-701. doi: 10.1007/s10549-010-1239-7. Epub 2010 Nov 11. 
PMID: 21069453; PMCID: PMC4232214.

58. Lirk P, Berger R, Hollmann MW, Fiegl H. Lidocaine time- and dose-dependently 
demethylates deoxyribonucleic acid in breast cancer cell lines in vitro. Br J 
Anaesth. 2012 Aug;109(2):200-7. doi: 10.1093/bja/aes128. Epub 2012 Apr 27. 
Erratum in: Br J Anaesth. 2013 Jan;110(1):165. PMID: 22542536. 

59. Mammoto T, Higashiyama S, Mukai M, Mammoto A, Ayaki M, Mashimo T, 
Hayashi Y, Kishi Y, Nakamura H, Akedo H. Infi ltration anesthetic lidocaine 
inhibits cancer cell invasion by modulating ectodomain shedding of heparin-
binding epidermal growth factor-like growth factor (HB-EGF). J Cell Physiol. 
2002 Sep;192(3):351-8. doi: 10.1002/jcp.10145. PMID: 12124780.

60. O'Riain SC, Buggy DJ, Kerin MJ, Watson RWG, Moriarty DC. Inhibition 
of the stress response to breast cancer surgery by regional anesthesia 
and analgesia does not affect vascular endothelial growth factor and 
prostaglandin E2. Anesth Analg. 2005 Jan;100(1):244-249. doi: 10.1213/01.
ANE.0000143336.37946.7D. PMID: 15616085.

61. Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. Can anesthetic 
technique for primary breast cancer surgery affect recurrence or metastasis? 
Anesthesiology. 2006 Oct;105(4):660-4. doi: 10.1097/00000542-200610000-
00008. PMID: 17006061; PMCID: PMC1615712. 

62. Buckley A, McQuaid S, Johnson P, Buggy DJ. Effect of anaesthetic technique 
on the natural killer cell anti-tumour activity of serum from women undergoing 
breast cancer surgery: a pilot study. Br J Anaesth. 2014 Jul;113 Suppl 1:i56-62. 
doi: 10.1093/bja/aeu200. Epub 2014 Jul 9. PMID: 25009196.

63. Wada H, Seki S, Takahashi T, Kawarabayashi N, Higuchi H, Habu Y, Sugahara 
S, Kazama T. Combined spinal and general anesthesia attenuates liver 
metastasis by preserving TH1/TH2 cytokine balance. Anesthesiology. 2007 
Mar;106(3):499-506. doi: 10.1097/00000542-200703000-00014. PMID: 
17325508.

64. Dong H, Zhang Y, Xi H. The effects of epidural anaesthesia and analgesia on 
natural killer cell cytotoxicity and cytokine response in patients with epithelial 
ovarian cancer undergoing radical resection. J Int Med Res. 2012;40(5):1822-
9. doi: 10.1177/030006051204000520. PMID: 23206463.

65. Desmond F, McCormack J, Mulligan N, Stokes M, Buggy DJ. Effect of 
anaesthetic technique on immune cell infi ltration in breast cancer: a follow-
up pilot analysis of a prospective, randomised, investigator-masked study. 
Anticancer Res. 2015 Mar;35(3):1311-9. PMID: 25750280.

66. Cassinello F, Prieto I, del Olmo M, Rivas S, Strichartz GR. Cancer surgery: how 
may anesthesia infl uence outcome? J Clin Anesth. 2015 May;27(3):262-72. 
doi: 10.1016/j.jclinane.2015.02.007. Epub 2015 Mar 11. PMID: 25769963.

67. Goldfarb Y, Sorski L, Benish M, Levi B, Melamed R, Ben-Eliyahu S. Improving 
postoperative immune status and resistance to cancer metastasis: a 
combined perioperative approach of immunostimulation and prevention of 
excessive surgical stress responses. Ann Surg. 2011 Apr;253(4):798-810. doi: 
10.1097/SLA.0b013e318211d7b5. PMID: 21475023.


