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tion, molecular regulators, and outcomes of disease?
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Introduction

 Breast cancer is the most frequently diagnosed 
cancer in females, accounting for 12% of the total 
new cancer cases and 25% of all cancers in wom-
en in 2012 [1]. TNBC and basal-like tumours ac-
count for approximately 15% of all invasive breast 
cancers [2,3]. In general, breast cancer incidence 
rates are high in developed countries (Western 
and Northern Europe, North America, Australia 
and New Zealand) and lower in less developed 
countries. These variations in incidence could be 
explained largely by differences in reproductive 
and hormonal factors and the availability of early 
detection services [4,5].

 TNBC occurs more often in young, premeno-
pausal women. Women with TNBC are more likely 
to be diagnosed with advanced disease stage, in-
cluding visceral and nodal metastases. More than 
50% of TNBCs do not respond to chemotherapy, 
and patients who do not obtain a complete patho-
logic response have a higher likelihood of disease 
relapse, frequent distant recurrences, and a poorer 
prognosis than patients with non-TNBC subtypes. 
Because TNBC lacks targets for modern specific 
therapy and has a poor prognosis (5-year survival 
74.5%) among all breast cancer patients (5-year 
survival greater than 95%), surgery and periop-
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Breast cancer is the most frequently diagnosed cancer in 
females. Triple negative breast cancer (TNBC) is a molec-
ular subtype of breast cancer which has a high mortality 
rate because of aggressive proliferation, quick occurrence of 
metastasis, and lack of effective treatment. New data show 
evidence that the type of anaesthesia can affect breast can-
cer recurrence and long-term outcome. Because TNBC lacks 
targets for modern specific therapy, a perioperative period 
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ence of anaesthetics to oxidative stress, inflammation, mo-
lecular regulators, and TNBC oncological outcomes.
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erative factors, such as anaesthesia, may be very 
important [6]. In recent years, new evidence has 
emerged showing that anaesthesia may affect the 
long-term outcome after cancer surgery. Some 
general anaesthetics (ketamine, thiopental and 
halothane) suppress the natural killer (NK) cells 
and increase metastases. Inhaled anaesthetics up-
regulate the hypoxia-inducible factor (HIF), which 
can facilitate the spread of cancer and contribute to 
cancer recurrence. Propofol is better than inhaled 
anaesthesia in terms of immunity; it also induces 
apoptosis of breast cancer cells [7]. General anaes-
thesia combined with regional anaesthesia/anal-
gesia improves the immune outcome and reduces 
the metastatic burden in animals, risk of metasta-
ses in breast cancer, vascular endothelial growth 
factor (VEGF), and the transforming growth factor 
(TGF)-β expression [7].
 The goal of this review was to present data 
showing how the type of anaesthesia acts as a mas-
ter switch in establishing an intricate link between 
oxidative stress, inflammation, molecular regula-
tors, and cancer, and how the type of anaesthesia 
impacts long-term outcomes after surgery for 
TNBC.

Oxidative stress, inflammation and mo-
lecular regulators 

 Several important factors influence the devel-
opment, growth and metastatic spread of malig-
nant tumours. Oxidative stress and inflammation 
are among the most important factors.
 Carcinoma cell oxidative stress can be induced 
by overproduction of reactive oxygen species (ROS) 
because of downregulation of NADPH-oxidase [8]. 
It also can be induced by overexpression of thy-
midine phosphorylase that is seen in the majority 
of breast carcinomas [9]. A breast tumour rapidly 
outgrows its blood supply, leading to glucose dep-
rivation and hypoxia. Glucose deprivation rapidly 
induces cellular oxidative stress within the MCF-
7 breast carcinoma cell line, although it does not 
cause oxidative stress in non-transformed cell lines 
[10,11]. This may be because glucose deprivation 
depletes intracellular pyruvate within the breast 
carcinoma cell, preventing the decomposition of 
endogenous oxygen radicals [10]. Because oxygen 
radicals are powerful DNA damaging agents, they 
may cause strand breaks, alterations in guanine 
thymine bases, and sister chromatide exchange 
[12]. Genetic instability due to persistent carci-
noma cell oxidative stress therefore increases the 
malignant potential of the tumour [13]. Oxidative 
stress can activate a number of transcription fac-
tors including NK-B, AP-1, p53 and HIF-1α. There 

is significant evidence implicating the involve-
ment of p53 mutations as a genetic driver in tu-
morigenesis and tumour progression of TNBC [14].
 A number of biologically active molecules up-
regulate or downregulate these processes. One of 
the important cytokines, interleukin-10 (IL-10), is 
a pleiotropic anti-inflammatory cytokine that can 
exert a dual proliferative and inhibitory effect on 
breast cancer [15]. IL-10 inhibits interferon gamma 
(IFN-γ) and tumour necrosis factor alpha (TNF-α) 
production by NK cells in vitro [16] and promotes 
NK cell cytotoxicity in preclinical models [17].
 VEGF, one of the main angiogenesis regula-
tion factors, is necessary for tumour growth and 
metastasis [18]. In patients with breast cancer, 
VEGF has been reported to be associated with poor 
prognosis in primary breast cancer [19]. VEGF se-
rum and plasma levels have been found to be el-
evated in patients with larger tumours and with 
metastatic disease [20,21]. TNBCs are considered 
highly proliferative tumours and have high levels 
of micro vessel density and VEGF [22].
 Oxidative stress and inflammation are interre-
lated processes. Oxidative stress and inflammation 
and/or their molecular regulators may influence 
both immediate and distant outcomes of breast 
surgery including tumour relapse and metastases. 
Surgical trauma can generate a ROS rich tumour 
microenvironment which leads cellular processes 
to tumour growth and metastasis. Oxidative stress 
activates inflammatory pathways leading to trans-
formation of a normal cell to a tumour cell, and its 
survival, proliferation, chemoresistance, radiore-
sistance, invasion, angiogenesis and stem cell sur-
vival [23]. It appears that the perioperative window 
is an under-utilised time interval in the treatment 
strategy of TNBC.

Possible influences of surgery and type 
of anaesthesia on long-term outcomes

 A few treatment options are available for 
breast cancer, including surgical resection, chem-
otherapy, radiation, immunotherapy, and various 
pharmacotherapies. Because TNBC lacks targets 
for modern specific therapy and has a poor prog-
nosis compared to other breast cancer patients, 
surgery remains the main treatment for these pa-
tients. Current diagnostic and therapeutic advanc-
es now allow us to surgically resect many cancers 
at earlier stages compared with years past when 
the same tumours would not have been identified 
until after they had further grown and spread [24]. 
However, both surgery itself and anaesthesia may 
have an impact on tumour recurrence and metasta-
ses, and it is generally recognized that anaesthetic 
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techniques and other perioperative factors may af-
fect long-term outcomes after cancer surgery (Ta-
ble 1) [7]. Surgery produces immune suppression, 
enables tumour cell adhesion, and increases the 
release of metalloproteinases and VEGF. All these 
factors promote cancer progression, metastases, 
increase motility and invasiveness of cancer cells, 
and increase neovascularization. Surgery for can-
cer can release malignant cells into circulation, 
some of which may develop into metastases. The 
major first-line defence against development of 
primary tumours and metastases is NK cells [25]. 
However, general anaesthesia may suppress the 
immune response [26], and therefore the possible 
association between anaesthesia and subsequent 
tumour proliferation and recurrence of cancer 
have been studied intensively [27].
 Two main anaesthesia methods are mostly 
used in breast cancer surgery: general anaesthesia 
using volatile anaesthetics and total intravenous 
anaesthesia (TIVA). Some research has shown that 
general anaesthesia may suppress the immune re-
sponse [28] including suppression of NK cells, and 
therefore the risk of recurrence may increase in 
patients undergoing breast cancer surgery under 
general anaesthesia. In mice models, isoflurane 
and halotane inhibited interferon-induced NK cell 
production [29]. On the other hand, propofol, which 
is the most popular hypnotic used in TIVA, may 
attenuate an adverse immune response to surgery 
and also has anti-tumour activity, possibly related 
to inhibition of cyclooxygenase, thus restricting 
angiogenesis, a key factor in the growth and dis-
semination of cancers [30]. These observations 
have created considerable interest in the possible 
association between the type of anaesthesia and 
(long-term) outcomes of breast cancer surgery. 

Studies show dose-dependent and time-dependent 
suppressive effects of volatile anaesthetics on im-
mune cells, including NK cells and T lymphocytes 
[31-33]. Volatile anaesthetics also inhibit various 
lymphocyte functions such as proliferation and 
cytokine production [26].
 HIF expression in tumour cells promotes 
tumour cell proliferation and induces the secre-
tion of angiogenic factors including VEGF and 
angiopoietin 2, which augment tumour angio-
genesis. Therefore, hypoxia is strongly associated 
with tumour progression and metastasis [34]. In a 
comprehensive review, Tavare et al. described the 
direct effect of anaesthetics on HIF-1 which is up-
regulated by inhaled anaesthetics and inhibited by 
propofol [35]. This phenomenon is thought to oc-
cur via receptor-mediated signals modifying HIF 
gene expression. It has been hypothesized that an 
up-regulation of HIFs may contribute to cancer re-
currence [7].
 Particularly in cancer patients, immunosup-
pression attributable to anaesthetics, such as the 
dysfunction of NK cells and lymphocytes, may 
accelerate the growth and metastases of residual 
malignant cells, thereby worsening prognoses [37].
 Propofol seems to exhibit a different profile, as 
it exerts protective effects through various mecha-
nisms, including an anti-inflammatory effect, in-
hibition of COX-2 and reduction of PGE-2, weak 
β-adrenoreceptor binding, enhancement of anti-
tumor immunity, and NK cells function preserva-
tion [30,36,37]. Clinical data suggest that select β2-
receptor antagonist intake by patients for cardiac 
indications was associated with higher recurrence-
free and overall survival in the TNBC subgroup. 
Patients receiving perioperative β-blockers have a 
lower rate of postoperative cancer recurrence and 

Table 1. Different factors‘ effect and action mechanism on cancer recurrence and metastasis

Perioperative factors Mechanism of action

Surgery Immune suppression, 
enables tumour cell adhesion, 
increases the release of metalloproteinases and vascular endothelial growth factor (VEGF),
release of malignant cells into circulation

Volatile anesthesia Suppression of immune response - including suppression of natural killer cells,
inhibition in various lymphocyte functions such as proliferation and cytokine production
may induce apoptosis in lymphocytes in vitro

Propofol Inhibition of cyclooxygenase, thus restricting angiogenesis,
inhibits cellular adhesion and migration and induces apoptosis in breast cancer cells,
reduces the concentration of cytokines (IL-1, TNF-α, and IL-6) and stimulates neutrophils to 
increase nitric oxide synthesis,
decreases the invasion ability of human cancer cells (HeLa, HT1080, HOS and RPMI-7951).
Inhibition of pulmonary metastasis of murine osteosarcoma (LM 8) cells in mice model

Hypoxia Tumour angiogenesis augmentation
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metastases [14]. Propofol conjugates (propofol-do-
cosahexaenoate and propofol-eicosapentaenoate) 
have been shown to inhibit cellular adhesion and 
migration and to induce apoptosis in breast can-
cer cells [38]. The studies conducted by González-
Correa et al. [39] showed that propofol reduces the 
concentration of cytokines (IL-1, TNF-α, and IL-6) 
and stimulates neutrophils to increase nitric oxide 
synthesis [7]. It was found that clinically relevant 
concentrations of propofol (1–5 mg/ml) decreased 
the invasion ability of human cancer cells (HeLa, 
HT1080, HOS and RPMI-7951). In the HeLa cells 
treated with propofol, formation of actin stress fi-
bres as well as focal adhesion were inhibited, and 
propofol had little effect on the invasion ability 
of the HeLa cells with active Rho A (Val14-Rho 
A). In addition, continuous infusion of propofol in-
hibited pulmonary metastasis of murine osteosar-
coma (LM 8) cells in mice. These results suggest 
that propofol inhibits the invasion ability of can-
cer cells by modulating Rho A, and that this agent 
might be an ideal anaesthetic for cancer surgery 
[40].
 It is known that activation of specific genes 
during the perioperative period can influence 
cancer recurrence and metastasis. In vitro studies 
on both oestrogen receptor positive and negative 
breast cancer cells found that propofol reduced ex-
pression of the Neuroepithelial Cell Transforming 
Gene 1 (NET1) which in turn reduced the migra-
tion of these breast cancer cells [41]. The NET1 
gene expression is involved in the promotion of 
cancer cells migration.
 Differences between mechanisms of action 
of volatile anaesthesia and propofol-based TIVA 
in cancer surgery inspired multiple studies com-
paring cancer surgery outcomes using these two 
types of anaesthesia. However, the majority of 
these studies were retrospective analyses [42-
44]. Wigmore et al. [42] retrospectively analysed 
long-term survival for patients undergoing vola-
tile versus IV anaesthesia for cancer surgery. They 
analysed more than 5200 patients who underwent 
surgery either under volatile inhalational anaes-
thesia or TIVA and found that volatile inhalational 
anaesthesia was associated with a hazard ratio of 
1.59 (1.30 to 1.95) for death on univariate analysis 
and 1.46 (1.29 to 1.66) after multivariate analysis 
of known confounders in the matched group. So 
they concluded that this retrospective analysis 
demonstrates an association between the type of 
anaesthetic delivered and survival. Enlund et al. 
[43] examined the possible association between 
patient survival after radical cancer surgery and 
the use of sevoflurane or propofol anaesthesia. A 
total of 2838 patients registered for surgery for 

breast, colon, or rectal cancers were included in a 
database. This was record-linked to regional clini-
cal quality registers. Cumulative 1- and 5-year 
overall survival rates were assessed using the 
Kaplan–Meier method, and estimates were com-
pared between patients given propofol (n = 903) 
or sevoflurane (n = 1,935). In a second step, Cox 
proportional hazard models were calculated to as-
sess the risk of death adjusted for potential effect 
modifiers and confounders. Differences in overall 
1- and 5-year survival rates for all three sites com-
bined were 4.7% (p = 0.004) and 5.6% (p < 0.001), 
respectively, in favour of the propofol group. The 
1-year survival for patients operated for colon can-
cer was almost 10% higher after propofol anaes-
thesia. Propofol anaesthesia had been an advan-
tage for the 1-year survival of patients diagnosed 
with colon and breast cancer but not for patients 
with rectal cancer. After 5 years, however, there 
was no difference in survival for patients suffer-
ing from breast cancer. However, following adjust-
ment for confounders, the observed differences in 
overall survival were eliminated for all cancer 
sites. The authors concluded that propofol anaes-
thesia might be better in surgery for some cancer 
types, but the retrospective design of this study, 
with uneven distributions of several confounders, 
distorted the picture. These uncertainties empha-
size the need for a randomized controlled trial. In 
another study, Lee et al. [44] compared the use of 
sevoflurane-based anaesthesia and propofol-based 
TIVA in 363 breast cancer patients who underwent 
modified radical mastectomy. It was observed that 
propofol-based total intravenous anaesthesia sub-
stantially reduced tumour recurrence after breast 
cancer surgery. Regarding overall survival, there 
was no difference between the two groups. The 
propofol group showed a significantly lower rate 
of cancer recurrence (p=0.037), with an estimated 
hazard ratio of 0.550 (95% CI 0.311–0.973). This 
retrospective study provides the possibility that 
propofol-based TIVA for breast cancer surgery can 
reduce the risk of recurrence during the initial 5 
years after modified radical mastectomy.
 Few studies showed that regional anaesthe-
sia is a beneficial technique in breast cancer pa-
tients [6,45,46]. Basic science studies indicate an 
encouraging role of local anaesthetics in attenu-
ating tumour recurrence [47]. Starnes-Ott et al. 
investigated differences in patient, disease, and 
treatment factors between women who received 
outpatient surgical treatment of breast cancer with 
paravertebral and general anaesthesia, compared 
with women who received general anaesthesia 
alone. The data from 358 remaining patients were 
analysed. The patients were grouped according to 
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anaesthesia type, which included paravertebral 
with general anaesthesia (n=193) and general 
anaesthesia alone (n=165). Breast cancer recur-
rence was detected in 1.7% of the study popula-
tion (paravertebral regional block with general 
anaesthesia: n=4; and general anaesthesia alone: 
n=2). Overall, no association between anaesthesia 
type and recurrence was detected (p=0.53), with 
an unadjusted estimated hazard ratio of 1.84 (95% 
confidence interval, 0.34-10.08) [45]. Accumulated 
basic and clinical data suggest that total intrave-
nous anaesthesia with propofol, cyclooxygenase 
antagonists and regional anaesthesia can decrease 
negative consequences associated with periop-
erative immunosuppression. Volatile anaesthesia, 
systemic morphine administration, unnecessary 
blood transfusions, intraoperative hypoxia, hypo-
tension, hypothermia, and hyperglycaemia should 
be avoided [6]. In a retrospective study, 129 pa-
tients received general anaesthesia for surgery 
for breast cancer [50]. Patients who received para-
vertebral block for analgesia had nearly 4 times 

greater recurrence-free survival (RFS) compared to 
those who received intravenous patient controlled 
analgesia (PCA) (6 vs 24%, p=0.013).

Conclusions

 TNBC shows a high recurrence rate and poor 
prognosis. New data show an increasing evidence 
of the advantage of TIVA compared with volatile 
anaesthesia in breast cancer surgery. Neverthe-
less, data is still lacking in the case of TNBC. To 
confirm the validity of these findings in TNBC pa-
tients, new multicentre, randomized, prospective 
studies are necessary. The effects of TIVA and vola-
tile anaesthesia on TNBC need to be defined. The 
results of these studies may provide an answer if 
the data in animal models and in vitro studies can 
be applied in clinical practice.

Conflict of interests

 The authors declare no conflict of interests.

References

1. http://www.wcrf.org/int/cancer-facts-figures/data-spe-
cific-cancers/breast-cancer-statistics

2. Rakha EA, Reis-Filho JS, Ellis IO. Basal-like breast can-
cer: a critical review. J Clin Oncol 2008;26:2568-81.

3. Rei-Filho JS, Tutt AN. Triple-negative tumours: a criti-
cal review. Histopathology 2008;52:108-18.

4. Jemal A, Centre MM, Desantis C, Ward EM. Global 
patterns of cancer incidence and mortality rates 
and trends. Cancer Epidemiol Biomarkers Prev 
2010;19:1893-1907.

5. Mackay J, Jemal A, Lee NC, Parkin DM. The Cancer 
Atlas. Atlanta, GA: American Cancer Society 2006.

6. Guo P, Huang J, Wang L et al. ICAM-1 as a molecu-
lar target for triple negative breast cancer. PNAS 
2014;111:14710-5.

7. Cosinella F, Prieto I, del Olmo M, Rivas S, Strichartz 
GR. Cancer surgery: how may anaesthesia influence 
outcome? J Clin Anaesth 2015;27:262-72.

8. Sundaresan M, Yu Z-X, Ferrans VJ et al. Regulation of 
reactive- oxygen- species generation in fibroblasts by 
Rac1. Biochem J 1996;318:379-82.

9. Brown NS, Jones A, Fujiyama C, Harris AL, Bicknell 
R. Thymidine phosphorylase induces carcinoma cell 
oxidative stress and promotes secretion of angiogenic 
factors. Cancer Res 2000;60:6298-6302.

10. Spitz DR, Sim JE, Ridnour LA, Galoforo SS, Lee YJ. Glu-
cose deprivation-induced oxidative stress in human tu-
mour cells. A fundamental defect in metabolism? Ann 
N Y Acad Sci 2000;899:349-62.

11. Lee YJ, Galoforo SS, Berns CM et al. Glucose depriva-
tion-induced cytotoxicity and alterations in mitogen-
activated protein kinase activation are mediated by 
oxidative stress in multidrug-resistant human breast 
carcinoma cells. J Biol Chem 1998;273:5294-9.

12. Wiseman H, Halliwell B. Damage to DNA by reac-
tive oxygen and nitrogen species: role of inflamma-
tory disease and progression to cancer. Biochem J 
1996;313:17-29.

13. Szatrowski TP, Natahn CF. Production of large amounts 
of hydrogen peroxide by human tumour cells. Cancer 
Res 1991;51:794-8.

14. Dang D, Peng Y. Roles of p53 and p16 in triple-negative 
breast cancer. Breast Cancer Manage 2013;2:537-44.

15. http://www.medicinenet.com/script/main/art.asp?
articlekey=11937

16. Moore KW, de Waal Malefyt R, Coffman RI, O’Garra A. 
Interleukin-10 and the interleukin-10 receptor. Annu 
Rev Immunol 2001;19:683-75.

17. Mocellin S, Panelli M, Wang E et al. IL-10 stimulatory 
effects on human NK cells explored by gene profile 
analysis. Genes Immun 2004;5:621-30.

18. Folkman J. What is the evidence that tumours are 
angiogenesis dependent? J Natl Cancer Inst 1990;82:   
4-6.

19. Foekens JA, Peters HA, Grebenchtchikov N et al. High 
Tumour Levels of Vascular Endothelial Growth Fac-
tor Predict Poor Response to Systemic Therapy in Ad-
vanced Breast Cancer. Cabcer Res 2001;61:5407-14.



Type of anaesthesia and its impact on biological factors in breast cancer surgery 295

JBUON 2018; 23(2):295

20. Yamamoto Y, Toi M, Kondo S et al. Concentrations 
of vascular endothelial growth factor in the sera of 
normal controls and cancer patients. Clin Cancer Res 
1996;2:821-6.

21. Adams J, Carder PJ, Downey S et al. Vascular en-
dothelial growth factor (VEGF) in breast cancer: com-
parison of plasma, serum, and tissue VEGF and mi-
crovessel density and effects of tamoxifen. Cancer Res 
2000;60:2898-905.

22. Guestini F, McNamara KM, Ishida T, Sasano H. Triple 
Negative Breast Cancer Chemosensitivity and Chem-
oresistance: Current Advances in Biomarkers. Expert 
Opin Therap Targets 2016;20:705-20.

23. Reuter S, Gupta SG, Madan M, Chatuverdi MM, 
Aggraval BB. Oxidative stress, inflammation, and 
cancer: how are they linked? Free Radic Biol Med 
2010;49:1603-16.

24. Kaye AD, Patel N, Bueno FR et al. Effect of Opiates, An-
aesthetic Techniques, and Other Perioperative Factors 
on Surgical Cancer Patients. Ochsner J 2014;14:216-28.

25. Bovill JG. Anaesthesia and cancer surgery: is there an 
effect on outcome? ECTA 2012;28-9.

26. Kurosawa S, Kato M. Anaesthetics, immune cells, and 
immune responses. J Anesth 2008;22:263-77.

27. Bovill JG. Surgery for cancer: does anaesthesia matter? 
Anesth Analg 2010;110:1524-6.

28. Brenton JD, Carey LA, Ahmed AA, Caldas C. Molecu-
lar classification and molecular forecasting of breast 
cancer: ready for clinical application? J Clin Oncol 
2005;23:3750-60.

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

30. Kushida A, Inada T, Shingu K. Enhancement of antitu-
mor immunity after propofol treatment in mice. Im-
munopharmacol Immunotoxicol 2007;29:477-86.

31. Woods GM, Griffiths DM. Reversible inhibition of nat-
ural killer cell activity by volatile anaesthetic agents 
in vitro. Br J Anaesth 1986;58:535-9.

32. Matsuoka H, Kurosawa S, Horinouchi T, Kato M, 
Hashimoto Y. Inhalation anaesthetics induce apoptosis 
in normal peripheral lymphocytes in vitro. Anaesthe-
siology 2001;95:1467-72.

33. Salo M. Effects of anaesthesia and surgery on the im-
mune response. Acta Anaesthesiol Scand 1992;36:  
201-20.

34. Kurosawa S. Anaesthesia in patients with cancer disor-
ders. Curr Opin Anesthesiol 2012;25:376-84.

35. Tavare AN, Perry NJ, Benzonana LL, Takata M, Ma D. 
Cancer recurrence after surgery: direct and indirect 

effects of anaesthetic agents. Int J Cancer 2012;130: 
1237-50.

36. Ke JJ, Zhan J, Feng XB, Wu Y, Rao Y, Wang YL. A com-
parison of the effect of total intravenous anaesthesia 
with propofol and remifentanil and inhalational anaes-
thesia with isoflurane on the release of pro- and anti-
inflammatory cytokines in patients undergoing open 
cholecystectomy. Anaesth Intensive Care 2008;36:   
74-8.

37. Zhou W, Fontenot HJ, Wang SN, Kennedy RH. Propo-
fol induced alterations in myocardial beta-adreno-
receptor binding and repressiveness. Anesth Analg 
1999;89:604-8.

38. Siddiqui RA, Zerouga M et al. Anticancer properties 
of propofol-docosahexaenoate and propofol-eicosa-
pantenoate on breast cancer cells. Breast Cancer Res 
2005;7:R645-54.

39. Gonzalez-Correa JA, Cruz-Andreotti E, Arrebola MM, 
Lopez-Villodres JA, Jodar M, De La Cruz JP. Effects 
of propofol on the leukocyte nitric oxide pathway: in 
vitro and ex vivo studies in surgical patients. Naunyn 
Schmiedebergs Atch Pharmacol 2008;376:331-9.

40. Mammoto T, Mukaib M, Mammotoc A et al. Intrave-
nous anaesthetic propofol inhibits invasion of cancer 
cells. Cancer Lett 2002;184:165-70.

41. Ecimovic P, Murray D, Doran P, Buggy DJ. Propofol and 
bupivacaine in breast cancer cell function in vitro - role 
of the NET1 gene. Anticancer Res 2014;34:1321-31.

42. Wigmore TJ, Mohammed K, Jhanji S. Long-term 
Survival for Patients Undergoing Volatile versus IV 
Anaesthesia for Cancer Surgery. Anaesthesiology 
2016;124:69-79.

43. Enlund M, Berglund A, Andreasson K, Cicek C, Enlund 
A, Bergkvist L. The choice of anaesthetic – sevoflurane 
or propofol – and outcome from cancer surgery: a ret-
rospective analysis. Ups J Med Sci 2014;119:251-61.

44. Lee JH, Kang SH, Kim Y, Kim HA, Kim BS. Effects of 
propofol-based total intravenous anaesthesia on recur-
rence and overall survival in patients after modified 
radical mastectomy: a retrospective study. Korean J 
Anaesthesiol 2016;69:126-32.

45. Starnes-Ott K, Goravanchi F, Meininger JC. Anesthetic 
choices and breast cancer recurrence: a retrospective 
pilot study of patient, disease, and treatment factors. 
Crit Care Nurs Q 2015;38:200-10.

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

47. Mao L, Lin S, Lin J. The effects of anaesthetics on tu-
mour progression. Int J Physiol Pathophysiol Pharma-
col 2013;5:1-10.


