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ABSTRACT

The application of local anesthetics is frequently involved in anesthesia in the surgical treatment of various cancers. It is used in addition to or
instead of general anesthesia as a way to provide control of sensation and pain to specific regions or parts of the patients’ bodies. They are thought
to reduce the requirement for volatile anesthetics and opioids used in the surgery. This mini-review briefly summarized and commented on the fre-
quent use of local anesthetics in cancer surgeries include local infiltration, intravenous local anesthesia, peripheral nerve blockade, epidural block,
spinal anesthesia, etc. The potential pharmacological mechanisms of local anesthetics on cancer were also reviewed. This mini-review contributed
to a better understanding and the optimization of the clinical use of local anesthetics in cancer surgeries.
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Introduction

A prescription of clinical local anesthetic usually includes the local anesthetic agent, the vehicle, the antioxidant, the
preservative, and the buffer. The application of local anesthetics is frequently involved in anesthesia in the surgical
treatment of various cancers. In those cases, local anesthesia is used in addition to or instead of general anesthesia as a
way to provide control of sensation and pain to specific regions or parts of the patients’ bodies. They are thought to re-
duce the requirement for inhaled general anesthetics (volatile anesthetics) and the dose of painkiller (opioids) and to
control the stress response of neuroendocrine and immunosuppression caused by the surgery [1][2]. Local anesthet-
ics anesthesia techniques frequently used in cancer surgeries include local infiltration, intravenous local anesthesia,
peripheral nerve blockade, epidural block, spinal anesthesia, etc. This mini-review summarized and commented on
the clinical use of Local anesthetics in cancer surgeries.

local infiltration in cancer surgery

Local infiltration is the injection of local anesthetics into the tissues near the surgical site which may be used alone or
in combination with sedation or general anesthesia, depending on the size of the surgery, the time it will take, and the
preferences of the patient. It is commonly applied in minor local surgeries like breast tumor biopsy or small melanoma
resection. In local infiltrations, primary tumors directly exposed to local anesthetics during the surgery period. The
peak concentrations of local anesthetics around the surgical site can reach an extremely high level and the anesthetics
can also enter the circulation leading to a prolonged effect. Although a large part of the infiltrated area will be resected
with the tumor, the remains of the primary tumor and the circulating tumor cells may be influenced by the local anes-
thetics. For example, after ropivacaine infiltration, the concentration of ropivacaine in circulation can remain around
3.5 to 3 uM after 24 hours [3]. Many in vitro and in vivo studies used 0.1 to 10 mM of local anesthetics to mimic local
infiltration clinical conditions [4]. Clinically relevant concentrations of the several local anesthetics in blood and local
tissues are presented in table 1.

Table 1: Clinically relevant concentrations of the commonly used local anesthetics [4]

Agents Blood concentration (uM) Local tissue concentration (uM)
Chloroprocaine 15 34,670 (1%)
Levobupivacaine 2.5 8667 (0.25%)
Bupivacaine 2.8 8667 (0.25%)
Mepivacaine 10 40,592 (1%)
Lidocaine 10 17,500 (0.5%)
Ropivacaine 3.5 7288 (0.2%)

Intravenous local anesthesia in cancer surgery

Intravenous local anesthesia, also named Bier’s block, is an anesthetic technique on the body’s extremities where a
local anesthetic is injected intravenously and isolated from circulation in a target area. It had been occasionally ap-
plied in cancer surgeries for relatively short procedures on the distal upper extremity, but it is superseded by other
anesthetics approaches since it will excessively increase the circulatory concentration of the local anesthetics and lead
to severe intoxication.

Regional anesthesia in cancer surgery

Regional anesthesia (nerve blockage) is the injection of local anesthetics near specific nerves to decrease pain in a
certain part of the body, type of which includes peripheral nerve blockage, epidural block, and spinal anesthesia. Pe-
ripheral nerve blockade is an injection of local anesthetic agents in proximity end of the limb to block signals traveling
along a nerve for a regional surgery such as lung cancer surgeries or extremity bone cancer surgeries. Epidural block
(extradural block) and Spinal blockage (spinal block, subarachnoid block, intradural block, and intrathecal block) are
techniques that block the spinal nerves to achieve para-anesthetics for colon cancer surgeries or lower extremity bone
cancer surgeries. An epidural block is an injection of local anesthetics into the epidural space around the spinal cord
while the Spinal blockage is into the subarachnoid space inside the spinal cord. In nerve blockage, primary cancer cells
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do not directly expose to local anesthetics, but the agents are distributed in patients’ circulation, which most metastat-
ic cells journey through, thereby, in these cases, local anesthetics may affect the colonization and migration of cancer
cells. The practical clinical approach for regional anesthesia is to give a bolus dose or a bolus dose followed by constant
infusion, hence it will reach a peak circulation concentration. For example, after epidural anesthesia with lidocaine and
bupivacaine, the peak circulation concentrations are around 40 puM and 10 uM respectively [5].

Pharmacological mechanisms of local anesthetics on cancer

Many preclinical studies also revealed the mechanism underlying the effects of local anesthetics on cancer cells [6].
Several pathways were reported to be involved in the effect of local anesthetics on cancer cells, including the Wnt/[3-
catenin pathway [7], the apoptosis pathway [8], the MAPK/ERK pathway [9,10], REDOX pathway [11], RhoA/ROCK/
MLC pathway [12] and so on. Certain growth factors [13] or regulating molecular [14] were also through to be targeted
by lidocaine. However, so far, no common mechanism of any local anesthetics has been discovered to be ubiquitous for
all the cancer cells.

Some ion channel pathways were reported to mediate the effect of local anesthetics on cancer cells. In glioma cells, li-
docaine causes cell cycle arrest and protective autophagy through interfering transient receptor potential cation chan-
nel subfamily M member 7 (TRPM7) and transient receptor potential cation channel subfamily V member 1 (TRPV1)
[15][16]. TRPM7 was reported to be critical for breast cancer cells [17]. It was not surprising that lidocaine affects
glioma cell lines because of the fact that glioma cells derived from brain tumors and the central nervous system where
most cells are supposed to be affected by anesthetics. However, the mechanism of ion channel pathways might apply
to many types of cancer cells other than glioma cells because lidocaine affects many commonly expressing ion chan-
nels some of which are thought to be overexpressed in highly active cancer cells [18]. Yuan Jiang et al. [19] linked the
inhibition of lidocaine on cancer migration to the inhibition of lidocaine on the TRPV6 ion channel. They suggested
that the inhibitory effect of lidocaine on TRPV6-expressing cancer cells was associated with a reduced rate of calcium
influx, which partly results in less cancer cell invasion and migration, but the conclusion needs to be further validated.

Another interesting explanation for cancer suppression of local anesthetics is the emerging theory of cancer stem cells
[20]. Evidence has indicated a subpopulation of stem-like cells within tumors, which contribute to cancer prolifera-
tion [21]. Amide-linked local anesthetics, lidocaine, ropivacaine, and bupivacaine, have been proved to preferentially
inhibit colony formation and self-renewal of cancer stem cells [7], but, so far, the theory of cancer stem cell itself is still
controversial.

A non-classic used of local anesthetics on cancer treatment

Local anesthetics might never be developed as an independent anticarcinogen, but some studies suggested that they
can be a part of cancer combined medication. In an in vivo study, lidocaine was reported to enhance the therapeutic
effect of other anticarcinoma drugs like mitomycin C, pirarubicin, and Su Funing lotion [22]. Moreover, a recent study
further provided evidence that lidocaine can alleviate cytotoxicity-resistance in cancer cells [14]. Interestingly, lido-
caine was also showed to increase thermal damage in cancer cells [23]. These facts implied that lidocaine may trigger
the potential disadvantageous targets for cancer cells which only make a difference if lidocaine treatment is along with
other antitumor factors. Therefore, the exploration of combination and internal interaction of lidocaine and other can-
cer treatment might be a promising field for further study and it will be significant for clinical use of local anesthetics
in cancer treatments.

Summary

In general, local anesthetics anesthesia techniques frequently used in cancer surgeries include local infiltration, in-
travenous local anesthesia, peripheral nerve blockade, epidural block, and spinal anesthesia. The local infiltration
provides the highest concentration for cancer microenvironment in cancer surgery, but other local anesthesia methods
also potentially affect cancer by their blood concentration. So far, no common mechanism of any local anesthetics has
been discovered to be ubiquitous for all the cancer cells, but the use of local anesthetics as a part of cancer combined
medication is promising in the future. This mini-review contributed to a better understanding and the optimization of
the clinical use of local anesthetics in cancer surgeries.
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