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Over the last decade, a potential link between anesthetic 
techniques and the recurrence of breast cancer has been an 
important and controversial issue for anesthesiologists and 
breast surgeons. This controversy was instigated by a radical 
retrospective study, which reported that the anesthetic 
technique employed influenced the recurrence (and hence 
survival) of cancer in patients that underwent mastectomy 
with axi l lary lymph node dissection (ALND) (1).  
This study by Exadaktylos et al. in Anesthesiology in 
2006 compared paravertebral anesthesia (PVA)/analgesia 
combined with general anesthesia (GA) against GA/
postoperative morphine analgesia. The results suggested 
that the former resulted in 25% lower recurrence of 
breast cancer or metastasis compared to the latter. 
Surgical stress and anesthesia activate the neuroendocrine 
paracrine responses of the hypothalamic-pituitary-
adrenal (HPA) axis and sympathetic nervous system 
(SNS), leading to the suppression of cell-mediated 
immunity (CMI) by releasing neuroendocrine mediators 
such as catecholamines, cortisol, and cytokines (2).  
In turn, these mediators promote the progression and 
metastasis of tumors. It was proposed that the benefit 
of PVA is related to the afferent transmission pathway 
of endocrine mediators being blocked. Such mediators, 
including vascular endothelial growth factor (VEGF), 
matrix metalloproteinases, and interleukin (IL) 6 and 8, 
are endogenous regulators that promote tumor growth 
and angiogenesis, thereby reactivating micrometastasis (3).  
Therefore, PVA combined with analgesia reduces the 
recurrence of breast cancer because PVA prevents afferent 

neurotransmission from the central nervous system via the 
HPA axis and blocks efferent activation of the SNS through 
neuroendocrine stress responses during surgery. In contrast, 
opioids inhibit immune responses, and might support the 
survival and angiogenesis of tumor cells, as observed in 
animal and in vitro models (4). Tumor cell growth or death 
induced by opioids might depend on the drug concentration 
and/or the duration of treatment. The recurrence of certain 
cancers in patients using GA in combination with PVA or 
opioid analgesics might differ due to immunosuppression 
and the direct effects of opioids on tumor growth and 
angiogenesis. The benefits of PVA might be directly 
derived from the opioid savings or by modulating the 
neuroendocrine responses with PVA. Thus, minimizing the 
need for volatile anesthetics and opioids or not use them 
can reduce the recurrence of cancer.

Two important factors affect immunosuppression 
based on the fact that the anesthetic technique used 
impacts the recurrence of breast cancer and survival of 
patients after surgery; specifically surgical stress and the 
type of general anesthetic. Surgical stress is determined 
by the extent of the surgical procedure; for instance, 
whether it is breast-conserving surgery (BCS) or a 
mastectomy, and whether it involves sentinel lymph node 
biopsy (SNB) or ALND. GA techniques include volatile 
and total intravenous anesthesia (TIVA) with propofol, 
with or without PVA, and the use of morphine and 
synthetic opioids during surgery. Immunosuppression 
induced by surgical stress and anesthesia depends on 
the neuroendocrine responses of the HPA axis and 
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SNS, because neuroendocrine mediators regulate the 
biology of tumor progression and might promote overt 
tumor metastasis due to preexisting micrometastasis 
or circulating tumor cells (Figure 1). In fact, volatile 
anesthetics, including morphine and synthetic opioids 
(but not propofol), have been reported to suppress 
natural killer (NK)- and T cell-mediated CMI in 
numerous clinical and animal studies (5-7). Volatile 
anesthetics impair the functioning of many immune cells 
such as NK cells and T cells. Volatile anesthetics also 
stimulate hypoxia-inducible factor 1α and phosphoinositide 
3-kinase-Akt signaling pathway, in addition to having 
antiapoptotic properties. These properties potentially 
promote the growth of tumor cells in situations where 
residual disease is minimal (8). In contrast, the use of 
propofol for TIVA might have protective effects through 
its anti-inflammatory, antioxidant properties, and its 
preservation of NK and T cell function (9,10).

Despite the documented role of surgical stress 
and anesthetic-induced immunosuppression on the 
recurrence of breast cancer, the benefits of a particular 
anesthetic technique have not been validated in 
prospective clinical studies assessing recurrence of 
breast cancer and survival of patients after surgery. 
Some retrospective studies have shown that regional 

anesthesia (RA) combined with PVA or propofol 
decreases the recurrence of breast cancer and increases 
the survival of patients when compared with the use of 
volatile anesthetics (1,11-12). However, other studies 
do not support this conclusion (13-16). These earlier 
retrospective studies suggest limited benefits of a 
particular anesthetic technique in reducing the recurrence 
of breast cancer. Importantly, a recent prospective study 
by Yan et al. reported that sevoflurane- and propofol-based 
anesthesia are not significantly different in terms of their 
effects on myeloid-derived suppressor cells (MDSCs) and 
prognosis after breast cancer surgery, including BCS and 
mastectomy (17). Mastectomy with high surgical stress has 
lower MDSC levels compared to BCS, but the prognosis 
was not significantly different, despite over 60% of patients 
who had mastectomy in both groups. This is consistent 
with the same prognosis for patients receiving mastectomy 
and BCS with radiotherapy. Postoperative levels of MDSCs 
were not significantly different between sevoflurane 
and TIVA with propofol; however, the ratios of MDSC 
subtypes were correlated with tumor stage. MDSCs are 
immunosuppressive components that promote the growth 
of tumors and inhibit CMI in the tumor microenvironment. 
MDSCs are heterogeneous populations of immature 
neutrophils, monocytes, and dendritic cells that derive from 

Figure 1 Hypothesis for breast cancer metastasis and recurrence due to immunosuppression by surgery and volatile anesthesia during the 
perioperative period. Breast cancer surgery and anesthetic agents activate neuroendocrine mediators via the HPA axis and SNS during the 
perioperative period. These mediators induce several immunosuppressive soluble factors and inflammatory cytokines, which promote the 
progression and metastasis of tumors, exacerbating the recurrence of breast cancer. Combined regional anesthesia, such as paravertebral or 
epidural block with propofol, decreases volatile anesthesia and opioid-induced immunosuppression. HPA, hypothalamic-pituitary-adrenal; 
SNS, sympathetic nervous system. This figure is a modification from the original figure published in Kim R. J Transl Med 2018;16:8. 
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bone marrow. They are stimulated by tumor-derived soluble 
factors (such as VEGF), and accumulate around the tumor 
to form an immunosuppressive network that promotes 
the growth and metastasis of tumors (18). Although this 
study did not show a survival benefit of propofol versus 
sevoflurane for peripheral MDSCs, there are limitations to 
drawing conclusions. One limitation is that MDSCs might 
be stimulated in parallel with tumor growth and metastatic 
processes, rather than being enhanced by certain anesthetics 
(such as sevoflurane and propofol). Other limitations are the 
small number of samples, a short follow-up period of about 
3 years after surgery, and a lack of CMI analysis. On the 
other hand, it is conceivable that this study excludes both 
the effect of opioids and the use of propofol for induction 
of inhalation anesthesia on immune response. However, 
the recurrence of breast cancer appears to be less likely 
in patients that receive TIVA compared to sevoflurane. 
Nonetheless, a long-term follow-up of at least 10 years is 
required to reach definitive conclusions. 

To confirm the benefits of RA with propofol in reducing 
the recurrence of breast cancer, a large, prospective, 
and randomized controlled trial was initiated in 2007, 
as an international multicenter study of breast cancer 
surgery comparing paravertebral and epidural block with 
propofol or GA against GA with sevoflurane and opioids 
(NCT00418457). A feature of the study design was that 
breast cancer surgery includes both BCS and mastectomy; 
however, ALND was also a criterion for enrollment. The 
results of the prospective randomized study have been 
recently published, showing that no difference in recurrence 
was observed for RA-analgesia with PVA and propofol 
versus GA with sevoflurane and opioid analgesia (19).  
However, it is premature to conclude that a particular 
anesthetic technique could reduce the recurrence of breast 
cancer. This is because the median follow-up period is still 
short (median: 3-years; maximum: around 7 years), even 
though the number at risk in the RA-anesthesia group is 
lower than that in the GA group. The potential for reducing 
the recurrence of breast cancer by using RA-anesthesia with 
propofol remains in the subgroup, especially in Asian and 
the BCS group.

In relation to the selection of anesthetic technique, 
except for some patients with large breasts, most BCS with 
axillary management (including SNB and ALND) can be 
performed by day surgery at an outpatient clinic using local 
anesthesia with lidocaine and intravenous anesthesia with 
propofol and/or sedation with midazolam without opioids, 
and without tracheal intubation (20,21). Thus, GA with 

tracheal intubation is not necessary for BCS. Rather, using 
lidocaine, while maintaining spontaneous breathing with 
low-dose intravenous anesthesia with propofol and deep 
sedation, could help reduce the recurrence of breast cancer. 
This approach might prevent patients entering a state of 
immunosuppression, maintaining them in a state close to 
normal physiological conditions. BCS under local anesthesia 
and deep sedation and/or intravenous anesthesia with 
propofol results in a recurrence rate of around 5% (20,21). 
In comparison, the recurrence of breast cancer typically 
tends to be about 15–20%, based on a follow-up period 
of 10 years. Thus, maintaining spontaneous breathing 
using local anesthesia and intravenous anesthesia and/
or deep sedation without GA is less immunosuppressive, 
resulting in a lower recurrence of breast cancer. In fact, 
changes to immune parameters (including the CD4/8 
ratio, peripheral NK cell activity, and IL-6) in patients 
undergoing local anesthesia and intravenous anesthesia/
deep sedation is likely lower when compared to patients 
receiving GA with sevoflurane or TIVA with propofol 
for BCS (22). Thus, maintaining normal physiological 
conditions, as much as possible, during anesthesia for 
BCS might carry a survival advantage for breast cancer  
patients.

Finally, at present, it is not possible to make definitive 
statements on the benefits of certain types of anesthesia to 
prevent the recurrence of breast cancer after surgery. It is 
possible that the choice of anesthetic technique during the 
perioperative period does affect the long-term outcome. A 
particular anesthetic technique that maintains spontaneous 
breathing without using general endotracheal anesthesia 
and opioids in BCS might provide survival benefits 
by reducing the recurrence of breast cancer. Further 
prospective randomized studies comparing nontracheal 
and endotracheal anesthesia in BCS are vital in the future 
to facilitate scientifically informed decisions are made for 
operative procedures.
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