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Abstract

Background: Local anaesthetics are widely used for their analgesic and anaesthetic properties in the perioperative

setting, including surgical procedures to excise malignant tumours. Simultaneously, chemotherapeutic agents remain a

cornerstone of cancer treatment, targeting rapidly dividing cancer cells to inhibit tumour growth. The potential in-

teractions between these two drug classes have drawn increasing attention and there are oncological surgical contexts

where their combined use could be considered. This review examines existing evidence regarding the interactions be-

tween local anaesthetics and chemotherapeutic agents, including biological mechanisms and clinical implications.

Methods: A systematic search of electronic databases was performed as per Preferred Reporting Items for Systematic

Reviews and Meta-analysis (PRISMA) guidelines. Selection criteria were designed to capture in vitro, in vivo, and clinical

studies assessing interactions between local anaesthetics and a wide variety of chemotherapeutic agents. Screening and

data extraction were performed independently by two reviewers. The data were synthesised using a narrative approach

because of the anticipated heterogeneity of included studies.

Results: Initial searches yielded 1225 relevant articles for screening, of which 43 met the inclusion criteria. The in-

teractions between local anaesthetics and chemotherapeutic agents were diverse and multifaceted. In vitro studies

frequently demonstrated altered cytotoxicity profiles when these agents were combined, with variations depending on

the specific drug combination and cancer cell type. Mechanistically, some interactions were attributed to modifications

in efflux pump activity, tumour suppressor gene expression, or alterations in cellular signalling pathways associated

with tumour promotion. A large majority of in vitro studies report potentially beneficial effects of local anaesthetics in

terms of enhancing the antineoplastic activity of chemotherapeutic agents. In animal models, the combined adminis-

tration of local anaesthetics and chemotherapeutic agents showed largely beneficial effects on tumour growth, metas-

tasis, and overall survival. Notably, no clinical study examining the possible interactions of local anaesthetics and

chemotherapy on cancer outcomes has been reported.

Conclusions: Reported preclinical interactions between local anaesthetics and chemotherapeutic agents are complex

and encompass a spectrum of effects which are largely, although not uniformly, additive or synergistic. The clinical

implications of these interactions remain unclear because of the lack of prospective trials. Nonetheless, the modulation

of chemotherapy effects by local anaesthetics warrants further clinical investigation in the context of cancer surgery

where they could be used together.
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Cancer remains a formidable challenge to global health, rep-

resenting a leading cause of morbidity and mortality world-

wide with almost 10 million cancer-related deaths in 2020.1

Oncology is a rapidly evolving field, with significant progress

made recently not only with the development of novel thera-

pies, but also with deepening of our understanding of cancer

biology and metastasis.2 Despite these medical advances,

surgery remains the primary curative strategy for solid organ

cancers. An area of growing speculation is the potential

interaction between local anaesthetics, which are commonly

used in perioperative settings for anaesthesia and pain man-

agement, and chemotherapeutic agents.

Cancer progression is a highly complex, multifactorial

process involving primary tumour growth, release of circu-

lating tumour cells, and the subsequent development of

distant metastases.3 Metastasis is not only a consequence of

the intrinsic characteristics of cancer cells but is also influ-

enced by the host microenvironment and systemic factors.4

Research suggests that invasive surgical procedures may

have an impact on tumour growth and the likelihood of

metastasis.5 This raises questions about how the patient’s

perioperative journey, including choice of drugs administered

perioperatively, may influence cancer progression.6 Surgical

tissue trauma initiates multiple physiological signalling

pathways resulting in a complex interplay of adrenergic, in-

flammatory, and immune responses which are intended to

cause wound healing but, inadvertently, are also implicated in

stimulating the growth of residual cancer cells. Significant

preclinical experimental research has revealed how anaes-

thetic and analgesic techniques may modulate these path-

ways and possibly alter the risk of cancer progressing or

recurring after operation.7 For instance, the use of volatile

anaesthetic agents leads to higher postoperative serum pro-

inflammatory cytokine concentrations.8

Some retrospective clinical studies have detected an asso-

ciation between anaesthetic type and risk of postoperative

cancer recurrence, although this association has not uni-

formly been found.9,10 Although few prospective randomised

controlled trials (RCTs) have been completed to date, almost

all published RCTs have not confirmed a definite link between

technique or agent used and long-term cancer outcomes. For

example, there is no high-quality evidence that propofol is

superior to volatile agents or that epidural use conveys an

advantage in terms of overall survival or cancer recurrence.11

The exception is a large RCT involving women undergoing

breast cancer surgery of curative intent. Almost 1600 women

were randomly allocated to an active arm (received peritu-

moral infiltration of the local anaesthetic lidocaine 0.5% up to

4.5 mg kg�1 body weight, 10 min before surgical excision),

compared with a control group, who did not receive local

anaesthetic infiltration. In the local anaesthetic and control

groups, 5-yr disease-free survival rates were 87% and 83%

(hazard ratio [HR] 0.74; 95% confidence interval [CI] 0.58e0.95;

P¼0.017) and 5-yr overall survival rates were 90% and 86%,

respectively (HR 0.71; 95% CI 0.53e0.94; P¼0.019). No toxic ef-

fects of lidocaine were observed. Although it has been the

subject of some criticism (e.g. for lacking a placebo injection in

the control group), this trial is the first to report a positive

difference after a single perioperative intervention on long-

term oncological outcomes.12

Lidocaine and other local anaesthetics have been examined

extensively in preclinical studies with substantial laboratory

evidence that they can inhibit cancer biology both in vitro and

in vivo.13 The mechanisms underlying this effect appear
multifactorial with evidence that local anaesthetics have

direct inhibitory effects on cancer cells via numerous cellular

signalling pathways: they may damage mitochondria directly,

they may help to preserve immune cell function, and may

inhibit both angiogenesis and inflammation.14,15 These

potentially beneficial physiological effects were also detected

in clinical translational studies: for instance, i.v. lidocaine

infusion has an anti-inflammatory effect and reduces post-

operative serum pro-inflammatory cytokine concentrations.16

Surgical procedures involving concurrent administration of

local anaesthetics and chemotherapeutic agents might at first

glance appear limited, but are in fact quite frequent and likely

to be steadily increasing. Intraoperative chemotherapy use

was previously largely confined to hyperthermic intraperito-

neal chemotherapy (HIPEC) using mitomycin C, oxaliplatin,

and others, during cytoreductive surgery (CRS) for ovarian

malignancies with peritoneal carcinomatosis and pseudo-

myxoma peritonei, but subsequently this technique was

expanded to treat advanced colorectal and gastric malig-

nancies.17 In 2018 at least 3800 patients underwent CRS/HIPEC

worldwide, although this estimate was based on a limited

survey of 19 countries so may have underestimated the true

figure.18 In some HIPEC cases termed ‘bidirectional HIPEC’,

intraoperative i.v. chemotherapy (e.g. i.v. cisplatin) is co-

administered with intraperitoneal chemotherapy.19 Heated

intracavitary chemotherapy combinedwith CRS is also used in

the thoracic cavity for the treatment of malignant pleural

mesothelioma.20 Infusion of chemotherapeutic agents into the

portal vein or hepatic artery using catheters placed during

surgery to excise primary colorectal tumours has been stud-

ied, withmixed results being reported.21,22 Very recently, some

centres have examined whether intraoperative i.v. chemo-

therapy during colorectal cancer excisional surgery may

improve cancer outcomes, with promising initial results.23

Intraoperative intravesical chemotherapy has been used dur-

ing nephroureterectomy to reduce bladder urothelial carci-

noma recurrence.24 Given the trend in management patterns

towards a more interventional approach and a shift in atti-

tudes towards viewing advanced cancers as a chronic illness

where multiple, aggressive resections are considered appro-

priate, it may be expected that procedures involving intra-

operative or very early postoperative chemotherapy will

increase in frequency.25,26

Looking ahead then, it appears likely that procedures

where local anaesthetics and chemotherapeutic agents are co-

administered will become more common. Local anaesthetic

either given systemically or absorbed into the circulation

(from epidural, regional block, infiltration, etc.) may interact

with chemotherapeutic drugs similarly given either systemi-

cally or absorbed via the peritoneum, pleura or bladder. Local

anaesthetics could potentially act to synergistically enhance

the anticancer effects of intraoperative chemotherapy, in

which case short-term (hours-to-days) exposure to local

anaesthetic may potentially improve the patient’s long-term

survival or cancer recurrence risk. Or local anaesthetic may

in fact inhibit chemotherapy effects and should be avoided to

reduce the risk of adverse outcomes. Understanding the po-

tential impact of local anaesthetics on cancer recurrence and

metastasis is therefore of paramount importance and will

allow for optimal perioperative care of the cancer patient to

achieve the best long-term outcomes. To the best of our

knowledge, this review is the first to evaluate existing litera-

ture regarding the interactions between local anaesthetics and

chemotherapy.
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Methods

This systematic review was conducted in accordance with the

Preferred Reporting Items for Systematic Review and Meta-

analysis (PRISMA) guidelines.27 The PRISMA checklist can be

found in the Supplementary Materials. After initial explor-

atory scoping searches it was evident that no human clinical

studies would be eligible for inclusion and the largemajority of

included studies would be in vitro in nature with a smaller

number of in vivo studies. Therefore, this review was ineligible

for registration in the PROSPERO international prospective

register of systematic reviews; instead, the review methodol-

ogy was predefined and prospectively registered on the Open

Science Framework (OSF, project link: https://osf.io/r2u4z), a

similar registry including a wider range of review types. The

following databases were searched for relevant published

literature: PubMed, Scopus, Web of Science and Embase. The

search strategy used for each database is available on the OSF

registration page. The database searches were performed on 2

August 2023. If any relevant references were found in study

bibliographies, then these were included also. In order to be

included in the review the returned studies had to meet the

following inclusion criteria: (i) preclinical or clinical studies

examining cancer; (ii) studies where local anaesthetic agents

are combined with a chemotherapy drug (any agent, with

common agents specifically identified, see OSF page); (iii)

studies where the effect of each drug on its own is compared

with both used in combination; (iv) in vitro studies which

examine outcomes including cell viability, proliferation,

migration, protein/gene expression, etc., or clinical outcomes

(survival, recurrence, metastasis, tumour sizes, etc.) for any

in vivo or clinical studies. The exclusion criteria were: (i)

studies not published in English; (ii) studies that do not involve

combination use of a local anaesthetic and a chemothera-

peutic agent (e.g. both are studied but not used in combina-

tion). The Covidence online systematic review platform

(Veritas Health Innovation, Melbourne, Australia) was used to

manage references, identify duplicates, screen studies, and

aid with the data extraction process. Studies were screened for

eligibility by two independent reviewers (AA, TPW). Studies

meeting the inclusion criteria based on their title or abstract,

or where their eligibility was uncertain, proceeded to full-text

assessment. Each full text was assessed in duplicate by the

same reviewers to determine their eligibility for inclusion.

Where there was disagreement between the two reviewers as

to eligibility, a third reviewer (DJB) made a final decision on

inclusion. For eligible references, data were extracted

including author, year published, study type (in vivo or in vitro),

cancer type, local anaesthetic(s) examined, local anaesthetic

concentration used, chemotherapeutic agent(s) examined,

interaction observed andmechanism of action studied (if any).

As there were no clinical studies to include, no risk of bias or

quality assessment was performed as there are no established

methods for performing these assessments for in vitro and

in vivo laboratory studies. Given this limitation, and the

anticipated high degree of heterogeneity of the included

studies, a narrative synthesis of the extracted data and sub-

sequent findings was performed.
Results

Figure 1 shows the PRISMA flow diagram for the review pro-

cess. Initial searches retrieved 1664 references; 439 duplicates
were identified and removed leaving 1225 references to be

screened by title and abstract. Screening resulted in 65 refer-

ences that were assessed as full-text articles. After full-text

analysis, 43 references were eligible for data extraction.

Summary extracted data are presented in Table 1 (studies

involving lidocaine and other amino amide local anaesthetics)

and Table 2 (studies involving the amino ester procaine).

In vitro experiments were described in 30 studies, five were

in vivo animal model experiments and eight involved both

in vitro and in vivo approaches. No clinical study matching the

inclusion criteria was identified. Ten different local anaes-

thetics were examined in preclinical studies: lidocaine, bupi-

vacaine, levobupivacaine, ropivacaine, dibucaine,

mepivacaine, procaine, tetracaine, benzocaine, and butacaine.

Lidocaine was the most frequently studied local anaesthetic

with 27 published articles: 18 involving lidocaine alone and

nine studied lidocaine along with other local anaesthetics.

Procaine was studied in 17 reports: eight with procaine alone,

five where procaine was used as a complex with cisplatin

(known as DPR) and four where procaine was examined along

with other local anaesthetics. Twenty-three chemothera-

peutic agents were analysed across the 42 studies; the most

commonly studied were cisplatin (18 studies) and 5-

fluorouracil (eight). A hypothetical biochemical mechanism

of action was examined in 27 studies, such as deoxy-

ribonucleic acid (DNA) demethylation, P-glycoprotein expres-

sion, etc. A total of 16 different cancer types were examined

between the 43 included studies, some of which examined

more than one type. The most commonly studied were breast

cancer (11) and leukaemia (11). The large majority of included

studies (38/43, 88.4%) reported potentially beneficial anti-

cancer effects of combined local anaesthetic/chemothera-

peutic agent use compared with sole use of either agent.

Typical beneficial effects seen in vitro were enhanced cyto-

toxicity or reduced resistance to the chemotherapeutic agent,

and typical in vivo effects seen were improved survival or

reduced tumour size. Three studies did not detect beneficial

effects attributable to combination local anaesthetic/chemo-

therapeutic agent treatment in vitro or in vivo,28e30 and two

reported potentially harmful effects.31,32 Potential cellular

mechanisms of action responsible for the experimental effects

observed were investigated by 26 studies, with numerous

candidate mechanisms identified ranging from drug efflux

protein effects, DNA demethylation, inhibition or promotion

of intracellular signalling pathways controlling apoptosis, etc.

These putative mechanisms of action are shown schemati-

cally in Fig 2.
Discussion

Local anaesthetic toxicity and experimental
concentrations

When evaluating experimental use of local anaesthetics, care

must be taken to consider the concentrations being examined.

Local anaesthetic systemic toxicity is an obvious concern with

any local anaesthetic and clinicians must ensure that doses do

not exceed known safe maximum limits e.g. bupivacaine 2 mg

kg�1 given as a peripheral nerve block should maintain peak

plasma concentration below the toxic concentration for

bupivacaine of 1e2 mgml�1.33 Although systemic absorption of

submaximal doses of local anaesthetic from the epidural

space, peripheral nerve block or tissue infiltration will result in

https://osf.io/r2u4z
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Fig 1. PRISMA flowchart. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-analysis.
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low circulating plasma concentrations below the toxic

threshold, the local tissue concentrations of local anaesthetic

at the site of injection are much higher and may be tempo-

rarily as high as the molar concentration of the undiluted

injectate (e.g. bupivacaine 0.5% has a molarity of 15.4 mM, the

molarity of lidocaine 2% is 85.3 mM). Many of the in vitro

studies included in this review used molar local anaesthetic

concentrations that would be toxic if they reflected plasma

concentrations in a human, which would limit the applica-

bility of their results when considering i.v. lidocaine or sys-

temic absorption from neuraxial or regional techniques.

However, such concentrations may be safely achievable

locally in tissue if local anaesthetic is administered as peritu-

moral infiltration (as performed with lidocaine in the recently

reported breast cancer trial by Badwe and colleagues12) or by

direct application to a surface (e.g. peritoneum). The 13 in vivo

local anaesthetic/chemotherapeutic agent experiments

included in the review are particularly useful then, because

not only are animal models more translatable to human

physiology, but in vivo studies are also largely restricted to

using non-toxic doses mirroring what could safely be used in

clinical practice.
Amino amide local anaestheticsdlidocaine

Lidocaine is the prototype amino amide local anaesthetic and

is in widespread use worldwide, appearing on the World

Health Organisation’s List of Essential Medicines (alongside

bupivacaine).34 With a short half-life and relatively low

toxicity, lidocaine is the only amino amide local anaesthetic

which can safely be administered as an i.v. infusion and

toxicity is not typically encountered below plasma concen-

trations of 5 mg ml�1 (approximately 22mM).14 I.V. lidocaine

(typically given as a bolus of 1e2 mg kg�1 followed by an

infusion of 1e2 mg kg�1 h�1) has been advocated as a periop-

erative analgesic.35 Only one large RCT has examined periop-

erative i.v. lidocaine and cancer outcomes, with no effect on

overall survival or disease-free survival detected in patients

undergoing pancreatectomy for pancreatic cancer, despite a

significant survival benefit being detected in a prior large

retrospective study.36,37 However, pancreatic cancer is noto-

riously aggressive, with an almost uniformly dismal prog-

nosis, so how generalisable this result is to other cancers is

uncleardother prospective trials examining perioperative i.v.

lidocaine are underway or planned.38,39 Otherwise, lidocaine

may be administered via the epidural route, used in regional



Table 1 Summary extracted data from studies examining amino amide local anaesthetics which meet systematic review selection criteria. 5-FU, 5-fluorouracil; 8-OHdG, 8-hydroxy-2’
-deoxyguanosine; ABCG2, ATP-binding cassette G2; AKT, protein kinase B; Bax, BCL2-associated X; Bcl-2, B-cell lymphoma 2; c-Met, c-mesenchymal-epithelial transition factor; c-Src,
Proto-oncogene tyrosine-protein kinase Src; DDP, diamminedichloroplatinum; EMT, epithelial-to-mesenchymal transition; ERK1/2, extracellular signal-related kinase 1/2; GSK3B,
Glycogen synthase kinase-3 beta; IL-6, interleukin-6; mTOR, mammalian target of rapamycin; miR, micro RNA; MLC, myosin light chain; MMP, matrix-metalloproteinase; MRP,
multidrug resistance-associated protein; NLC-DTX, nanostructured lipid carrier-docetaxel; PI3K, phosphoinositide 3-kinase; Rac1, Ras-related C3 botulinum toxin substrate 1; RARb2,
retinoic acid receptor beta 2; RASSF1A, Ras association domain-containing protein 1; ROCK, Rho-associated, coiled-coil containing protein kinase 1; ROS, reactive oxygen species; SCC,
squamous cell carcinoma; SIRT, sirtuin 1; SOX4, SRY-related HMG-box 4; TGF, transforming growth factor.

1st author and
year

Study type Cancer type (cell
line)

Local anaesthetic(s)
studied

Local anaesthetic
concentration

Chemotherapy
agent(s) studied

Interaction observed (e.g. no
effect, synergistic effect,
additive effect, etc)

Mechanism(s) studied (if any)

Li 201451 In vitro Breast (MCF-7,
MDA-MB-231)

Lidocaine 10 mMe1 mM Cisplatin Lidocaine enhanced the
cytotoxic effects of cisplatin

Upregulation of RARb2 and
RASSF1A (promoters of
tumour suppressor genes)

Xing 201746 Both Hepatocellular
(HepG2)

Lidocaine 100 mMe10 mM
in vitro, 30 mg kg�1

twice weekly
in vivo

Cisplatin Lidocaineecisplatin treatment
was more cytotoxic in vitro
and suppressed tumour
growthmore effective in vivo
than either agent used alone

Bcl-2, Bax, and cleaved
caspase-3 activation,
activation of ERK1/2, p-38
cascade

Yang 201949 In vitro Lung cancer (A549/
DDP)

Lidocaine 1e100 mM Cisplatin Lidocaine reduced cisplatin
resistance

miR-21 expression

Liu 202247 In vitro Skin squamous cell
carcinoma (A431)

Lidocaine 0e10 mM Cisplatin Lidocaine reduces cisplatin
resistance

miR-30c/SIRT1 pathway
activation

Freeman 201844 In vivo Breast (4T1 murine) Lidocaine 1.5 mg kg�1 bolus
then 2 mg kg�1

h�1 infusion

Cisplatin Enhanced effect in terms of
reduced pulmonary
metastases, no effect on
liver metastases

No significant difference in
serum IL-6 noted

Zhang 202048 In vitro Gastric (MGC-803,
MGC-803/DDP)

Lidocaine 25 mMe200 mM Cisplatin Lidocaine reduced cisplatin
resistance

Inhibition of miR-10b, AKT/
mTOR and b-catenin
pathway repression

Gao 201845 Both Breast (MDA-MB-
231, MCF-7)

Lidocaine In vitro 12 mg kg�1

(murine model)
Cisplatin Nanogel loaded lidocaine has

a synergistic anticancer
effect with co-loaded
cisplatin both in vitro and
in vivo

N/A

Lazo 198552 In vitro Leukaemia (L1210
murine)

Lidocaine 0e10 mM Cisplatin,
bleomycin,
mitomycin C,
etoposide

Lidocaine potentiates
bleomycin, cisplatin and
etoposide cytotoxicity

N/A

Zeng 202143 In vitro Gastric (MKN45) Lidocaine 10 mM Cisplatin, 5-FU Lidocaine enhanced
sensitivity of cells to
chemotherapeutic agents

Phosphorylation levels of c-
Met and c-Src were reduced
by lidocaine treatment

Zhang 201940 In vitro Choriocarcinoma
(JEG-3, JAR)

Lidocaine 10e1000 mM 5-FU Lidocaine potentiated 5-FU
cytotoxicity

ATP-binding cassette (ABC)
transport protein
expressiondexpression of
ABCG2, P-glycoprotein,
MRP1, MRP2, PI3K/AKT
pathway inhibition

Wang 201741 In vitro Melanoma (SK-MEL-
2)

Lidocaine 10e1000 mM 5-FU Lidocaine enhances
sensitivity of melanoma
cells to 5-FU

Lidocaine induced expression
of miR-493 and
downregulated expression
of SOX4 perhaps by
inactivation of PI3K/AKT
and TGF-TGF-b pathways
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Table 1 Continued

1st author and
year

Study type Cancer type (cell
line)

Local anaesthetic(s)
studied

Local anaesthetic
concentration

Chemotherapy
agent(s) studied

Interaction observed (e.g. no
effect, synergistic effect,
additive effect, etc)

Mechanism(s) studied (if any)

Polekova 199258 In vitro Leukaemia (L1210,
murine)

Lidocaine 0e2 mM Vincristine Lidocaine reversed cancer cell
resistance to vincristine

P-glycoprotein and MDR1
(multidrug resistance) gene
expression

Kim 201929 In vitro Oral SCC (KBV20C,
MDR cells)

Lidocaine 5 mM Vincristine Lidocaine had no additional
effect on cell viability when
combined with vincristine

Inhibition of the P-
glycoprotein cell efflux
protein

Wall 201931 In vivo Breast (4T1 murine) Lidocaine 1.5 mg kg�1 bolus þ
2 mg kg�1 h�1

infusion

Bosutinib Bosutinib reversed the
antimetastatic effect of
lidocaine, lidocaine reduced
MMP-2 expression

Src, MMP-2/9 inhibition

Wall 202130 In vitro Breast (4T1 murine) Lidocaine 5 mMe3 mM Bosutinib No effect of combination
therapy at therapeutic
concentrations

N/A

Han 202262 Both Breast cancer (MDA-
MB231 and 453)

Lidocaine 0e3 mM Palbociclib Palbociclib effects enhanced
by local anaesthetic (in vivo/
in vitro)

Inhibition of PI3K/AKT/GSK3B
and EMT signalling

Yang 201855 Both Bladder (BIU-87) Lidocaine 1.25e5 mg ml�1

in vitro, 2.5e5 mg
ml�1 in vivo per
week

Mitomycin C,
pirarubicin

In vitro lidocaine enhances
cytotoxicity of both
chemotherapeutic agents,
in vivo lidocaine/MMC
prolonged survival and
reduced mean bladder wet
weight compared with solo
therapy

N/A

De Moura 202161 Both Melanoma (B16eF10
murine, SK-MEL-
103)

Lidocaine 30 mMe10 mM Docetaxel (DTX) Addition of lidocaine to NLC-
DTX and HGel-NLC-DTX
systems increased their
cytotoxicity in vitro; addition
of lidocaine decreased
tumour growth in vivo

Nanostructured lipid carriers
(NLC) combined with the
antineoplastic docetaxel,
formed a hybrid gel (NLC-in-
hydrogel) for topical
application

Zheng 202056 In vitro Melanoma (A375,
A431)

Lidocaine,
ropivacaine,
bupivacaine

250 mMe2 mM Dacarbazine,
vemurafenib

Ropivacaine and lidocaine (but
not bupivacaine) enhanced
the antimigratory,
antiproliferative and pro-
apoptotic effects of
vemurafenib and
dacarbazine

Ropivacaine and lidocaine
decreased RhoA, Rac1, and
Ras activity; bupivacaine did
not affect RhoA, Rac1, and
Ras activity

Brummelhuis
202159

In vitro Ovarian (OVCAR3,
OVCAR5, T47D,
KURAMOCHI,
JHOS4)

Lidocaine,
bupivacaine,
benzocaine,
procaine

Lidocaine (0.2e125
mM), bupivacaine
(6 mMe3.75 mM),
benzocaine (8 mM
e5 mM), procaine
(0.02e12.5 mM)

Carboplatin,
paclitaxel

Additive effect of local
anaesthetics to
chemotherapeutic agent
effect

Voltage-gated sodium channel
(VGSC) inhibition

Lirk 201457 In vitro Breast (BT-20, MCF-
7)

Lidocaine,
bupivacaine,
ropivacaine

10e309.2 mM Decitabine (DAC) No effect of local anaesthetic/
DAC combination on cell
viability, lidocaine and
ropivacaine cause DNA

DNA demethylation

Continued
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Table 1 Continued

1st author and
year

Study type Cancer type (cell
line)

Local anaesthetic(s)
studied

Local anaesthetic
concentration

Chemotherapy
agent(s) studied

Interaction observed (e.g. no
effect, synergistic effect,
additive effect, etc)

Mechanism(s) studied (if any)

demethylationdthis effect
is additive (but not supra-
additive) when lidocaine is
combined with DAC

Dorr 199028 In vitro Leukaemia (L-1210,
RL-1210)

Lidocaine, procaine 250e350 mM Mitomycin C Local anaesthetics did not
reverse resistance to
mitomycin-C

P-glycoprotein expression

Mizuno 198253 In vitro Breast (FM3A
murine)

Lidocaine, procaine,
dibucaine,
butacaine,
tetracaine

0.2 mMe12 mM Bleomycin All local anaesthetics
enhanced bleomycin
cytotoxicity

N/A

Mizuno 198254 In vitro Breast (FM3A, HeLa) Lidocaine, procaine,
dibucaine,
butacaine,
tetracaine

0e10 mM Peplomycin All local anaesthetics
enhanced the cytotoxicity of
peplomycin, this was
enhanced further by
hyperthermia

N/A

Chen 202050 In vitro Hepatoma (HepG2,
BEL-7402)

Lidocaine,
ropivacaine,
bupivacaine

0.05, 0.5, 5 mM Cisplatin Chemotherapeutic effect
enhanced by local
anaesthetics

Unregulated RASSF1A
expression

Zhu 202042 In vitro Oesophageal (OE19,
SK-GT-4)

Lidocaine,
ropivacaine,
bupivacaine,
mepivacaine

10e100 mM 5-FU, paclitaxel Local anaesthetics augmented
the effects of
chemotherapeutic agent
drugs in inhibiting growth
and inducing apoptosis

Mitochondrial dysfunction
and oxidative damage
(decreased oxygen
consumption rate, increased
intercellular ROS and 8-
OHdG levels), decreased
Rac1 activity, no effect on
RhoA

Meireles 201860 In vitro Prostate (PC3) Lidocaine,
ropivacaine,
levobupivacaine

Lidocaine (426.7
e853.4 nM),
ropivacaine (36.4
e273.3 nM),
levobupivacaine
(43.3e173.4 nM)

Docetaxel Local anaesthetics enhanced
chemo-induced inhibition
of cell proliferation

N/A

Zheng 201866 In vitro Leukaemia (CD34,
K562, LAMA84)

Ropivacaine 100e1000 mM Dasatinib, imatinib Local anaesthetic/
chemotherapeutic agent
combination causes greater
growth inhibition and
apoptosis induction than
either agent used alone

PI3K/Akt/mTOR pathway
inhibition, increased
caspase-3 activation

Gong 201865 In vitro Breast (MDA-MB-
468, SkBr)

Ropivacaine 0.1e1 mM 5-FU Enhanced effects of 5-FU on
inhibiting cell growth,
survival, and colony
formation

Inhibition of mitochondrial
respiration (inhibition of
phosphorylation of Akt,
mTOR, rS6, and EBP1)

Dan 201867 In vitro Gastric cancer
(SNU1, AGS)

Bupivacaine 10 mMe5 mM 5-FU Inhibitory chemotherapeutic
effects augmented by
bupivacaine

Inhibition of RhoA/ROCK/MLC
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Table 2 Summary extracted data from preclinical studies examining the amino ester local anaesthetic procaine which meet systematic review selection criteria. 5-FU, 5-fluorouracil;
DDP, diamminedichloroplatinum; DPR, cis-diamminechloro-[2-(diethylamino)ethyl 4-amino-benzoate, N4]-chlorideplatinum(II); PAX9, Paired box gene 9.

1st author
and year

Study
type

Cancer type (cell
line)

Local
anaesthetic(s)
studied

Local
anaesthetic
concentration

Chemotherapy
agent(s) studied

Interaction observed (e.g. no effect,
synergistic effect, additive effect, etc)

Mechanism(s) studied
(if any)

Bhol 202272 Both Oral squamous cell
carcinoma (OSCC)
(CAL33, FaDu)

Procaine 0.1e1 mM In vitrodcisplatin, 5-
FU, doxorubicin,
docetaxel;
in vivodcisplatin

Procaine enhanced the in vitro
chemotherapeutic sensitivity of all
drugs tested when used in
combination; in vivo, combination
procaine/cisplatin reduced tumour
volume compared with single
agent

Procaine suppresses
DNA
methyltransferase
and increases the
expression of PAX9, a
transcription factor
downregulated in
OSCC

Esposito 199076 Both Leukaemia (P388
murine, CCRF-
CEM, K-562)

Procaine 1e100 mM
in vitro, 20e100
mg kg�1 in vivo

Cisplatin No effect on cytotoxicity when
procaine added to cisplatin in vitro,
procaine increased tolerated dose
of cisplatin in mice with reduction
in nephrotoxicity

N/A

Esposito 199677 In vivo Leukaemia (P388
murine)

Procaine 40 mg kg�1 Cisplatin In vivo section examined cisplatin vs
cisplatinþ procaine and cisplatinþ
procainamide; combined local
anaesthetic agent/
chemotherapeutic agent improved
survival vs cisplatin alone

N/A

Viale 200178 In vivo Leukaemia (P388
murine)

Procaine 40 mg kg�1 Cisplatin Procaineecisplatin increased
survival and cure rate compared
with cisplatin treatment alone

N/A

Viale 199479 In vitro Leukaemia (P388
murine)

Procaine (as DPR
with cisplatin)

0e33.2 mM DPR Cisplatin Similar activity of DPR and cisplatin
observed

N/A

Viale 199683 Both Leukaemia (P388,
L1210dmurine)

Procaine (as DPR
with cisplatin)

0.025e1.04 mM
DPR in vitro; 0.5
e10 mg kg�1

DPR in vivo

Cisplatin In vitro: synergistic effects of
combined DDP/DPR on cell survival
compared to either agent alone.
In vivo: DPR/DDP combo
synergistically reduced tumour
size and increased tumour free
mice

N/A

Mariggio 200481 In vitro Multiple types
including
neuroblastoma,
leukaemia, lung
cancer

Procaine (as DPR
with cisplatin)

Varied, ranges
from 0.07 plus
or minus 0.02
mM to 48.3 plus
or minus 14.9
mM DPR

Cisplatin Procaineecisplatin complex (as DPR)
causes greater inhibition of cell
viability and enhances apoptosis in
some cancer cell lines compared
with cisplatin alone

DNA fragmentation,
DNA inter-strand
cross-linking, p53
upregulation by DPR

Viale 200380 In vitro Leukaemia (HL60,
K562, Molt-4)

Procaine (as DPR
with cisplatin)

0.01e100 mM Cisplatin,
carboplatin

Procaineecisplatin (as DPR) inhibits
colony formation more than
cisplatin or carboplatin alone

N/A

Viale 199882 In vitro Ovarian
(M5076dmurine,
A2780)

Procaine (as DPR
with cisplatin)

DPR 0.13e4.15
mM M5076,
0.065e1.04 mM
A2780

Cisplatin, 5-FU,
doxorubicin,
mitomycin-c,
Taxol

Synergistic or additive effects
observed for most DPReother
agent combinations in terms of
cytotoxicity

N/A

Continued
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nerve blocks or given as local infiltration (where its use has

previously been associated with improved cancer outcomes

after surgery for early breast cancer).12
Lidocaine and 5-fluorouracil

Four in vitro studies examined lidocaine and 5-fluorouracil

used in combination and all demonstrated beneficial anti-

neoplastic effects associated with combination treatment.

Zhang and colleagues40 studied combination effects on

choriocarcinoma cells and found that lidocaine in low con-

centrations on its own had no effect on cell viability or

apoptosis, but at the same concentrations it potentiated 5-

fluorouracil cytotoxicity. Mechanistically, this was associated

with reduced expression of the ABC efflux protein and inhi-

bition of the phosphoinositide 3-kinase/protein kinase B/

mammalian target of rapamycin (PI3K/AKT/mTOR) pathway, a

vital cellular signalling pathway that contributes to cell cycle

regulation, and increased expression of which is associated

with cancer progression and chemotherapy resistance. Inhi-

bition of the PI3K/AKT/mTOR pathway was also found by

another group studying lidocaine and 5-fluorouracil effects on

melanoma cells. This effect may be mediated by increased

expression of the microRNA (miRNA) miR-493, inactivating

PI3K/AKT and transforming growth factor- ß (TGF-ß) leading to

downregulated expression of SOX4, a transcription factor

involved in cell differentiation and proliferation which is often

aberrantly expressed in malignancies.41 One study examining

four amino amide local anaesthetics (lidocaine, ropivacaine,

mepivacaine, bupivacaine) found that all substantially

augmented the inhibitory effects of 5-fluorouracil in oeso-

phageal cancer cells; this effect may be mediated through in-

hibition of mitochondrial respiration and Ras-related C3

botulinum toxin substrate 1 (Rac1), amember of the Ras family

of GTPases which act as molecular switches to control cyto-

skeletal rearrangement and dysfunction of which is impli-

cated in oncogenesis.42 Lidocaine also enhanced the in vitro

effect of 5-fluorouracil in a study examining gastric cancer

cells, an effect that may be associated with lidocaine-related

inhibition of the c-mesenchymal-epithelial transition factor

(c-Met)/Proto-oncogene tyrosine-protein kinase Src (c-Src)

pathways leading to decreased B-cell lymphoma 2 (Bcl-2)

levels and increased levels of Bax and cleaved caspase-3,

resulting in apoptosis.43
Lidocaine and cisplatin

Ten studies examined the interaction between lidocaine and

cisplatin on cancer biology: seven were in vitro studies, one

solely in vivo, and twocombinedbothapproaches.All 10 studies

reported some form of beneficial antineoplastic effect when

combination therapywasusedcomparedwith either drugused

alone. Freeman and colleagues44 randomly allocatedmicewith

breast cancer to receive either cisplatin, lidocaine, or both, or

neither (control) while undergoing resection of the primary

tumour under sevoflurane anaesthesia. The pulmonary met-

astatic burden wasmeasured 14 days after operation; cisplatin

reduced lung metastases compared with control, and the

addition of lidocaine to cisplatin enhanced this effect. Gao and

colleagues45 developed a nanogel to deliver cisplatin directly at

the site of breast cancer and found that the introduction of

lidocaine to the gel not only increased cisplatin-induced

apoptosis both in vitro and in a mouse model of breast cancer,

but also reducedmetastasis in the animalmodel. Additionally,



Local anaesthetic effects on intracellular signalling pathways in cancer
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evidence shows LA may act.
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Fig 2. Simplified schematic of selected intracellular signalling pathways in cancer and points at which experimental evidence suggests

local anaesthetic agents may act. The basic elements of pathways involving PI3K/AKT/mTOR, MAPK, c-Met, p53, drug efflux mechanisms

and the overall cell functions affected are shown. ABC, ATP-binding cassette transporters; AKT, protein kinase B; BAD, Bcl-xl/Bcl-2-

associated death promoter; Bcl-2, B-cell lymphoma 2; c-Met, c-mesenchymal-epithelial transition factor; Casp9, cysteinyl aspartate spe-

cific proteinase 9; c-Src, Proto-oncogene tyrosine-protein kinase Src; CNK1, connector enhancer of KSR; EGFR, epidermal growth factor

receptor; ERK1/2, extracellular signal-related kinase 1/2; GPCRs, G-protein-coupled receptors; JNK, jun amino-terminal kinase; LA, local

anaesthetic; MAPKKKs, mitogen-activated protein kinase kinase kinases; MDM2, murine double minute 2; MEK, mitogen-activated protein

kinase kinase; MKK, mitogen-activated protein kinase kinase; MST1, mammalian sterile 20 kinase 1; mTOR, mammalian target of rapa-

mycin; p38-MAPKs, p38 group of mitogen-activated protein kinases; p53, tumor protein 53; PI3K, phosphoinositide 3-kinase; PTEN,

phosphatase and tensin homolog; Rac1, Ras-related C3 botulinum toxin substrate 1; Raf, rapidly accelerated fibrosarcoma; RAS, rat sar-

coma; RASSF1A, Ras association domain-containing protein 1; RhoA, Ras homolog family member A; ROCK, Rho-associated, coiled-coil

containing protein kinase 1; RTKs, receptor tyrosine kinases; TSC1/2, tuberous sclerosis complex 1/2. Figure created using Biorender.com.
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another group developed a murine model of hepatocellular

carcinoma and examined lidocaine and cisplatin treatment

in vitro and in vivo. Again, combination lidocaineecisplatin

treatment was significantly more cytotoxic in vitro and sup-

pressed tumour growth more effectively in vivo than either

agent used alone.46 These findings were associated with an

increased ratio of Bax/Bcl-2 and cleaved caspase-3 activation

and activation of the extracellular signal-related kinase 1/2
(ERK1/2) and p38 mitogen-activated protein kinase (MAPK)

signalling pathways, suggesting that lidocaine induces

apoptosis through these mechanisms.

The seven in vitro studies involved a variety of cancer types.

The addition of lidocaine potentiated the effects of cisplatin in

each of these experiments. A range of putative cellular

mechanisms which may explain this interaction were exam-

ined. Lidocaine-induced alteration of miRNA expression was

mailto:Image of Fig 2|eps
http://Biorender.com
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examined as a potential mechanism. The miRNAs are small,

non-coding RNAs which influence gene expression by binding

to target messenger RNA (mRNA) and inhibiting translation.

Dysregulated miRNA expression by cancer cells can instigate

phenotypical changes in cells within the tumour microenvi-

ronment, promoting tumorigenesis and chemotherapy resis-

tance by targeting oncogenes. Three studies found that

individual miRNA expression was altered by lidocaine leading

to an effect on oncogenic cellular signalling pathways influ-

encing cancer progressiondmiR30c and sirtuin 1 (SIRT1) in

cutaneous squamous cell carcinoma, miR-10b and AKT/mTOR

and b-catenin in gastric cancer, and miR-21 and phosphatase

and tensin homolog (PTEN)/PI3K/AKT and programmed cell

death 4 (PDCD4)/jun amino-terminal kinase (JNK) in lung

cancer.47e49 Two other studies identified upregulated expres-

sion of the tumour suppressor gene Ras association domain

family 1A (RASSF1A) as a potential mechanism for the

observed effect of lidocaine potentiating the cytotoxicity of

cisplatin on breast cancer and hepatocellular carcinoma cells

in vitro.50,51
Lidocaine and other chemotherapeutic agents

Fourteen studies examined the effects of lidocaine and other

(non-5-fluorouracil, non-cisplatin) chemotherapeutic agents

(one solely in vivo, 10 in vitro, and three with both in vivo and

in vitro experiments). These involved a wide range of

chemotherapeutic agents including cytotoxic antibiotics

(mitomycin-C,28 bleomycin,52,53 peplomycin54), anthracy-

clines (pirarubicin55), other alkylating agents (dacarbazine56),

antimetabolites (decitabine57), vinca alkaloids (vincris-

tine29,58), taxanes (paclitaxel,59 docetaxel60,61), cyclin-

dependent kinase inhibitors (palbociclib62), and Src/BCR-ABL

inhibitors (bosutinib30,31). A wide range of cancers were

studied but breast cancer was the most common (6/14). Nine

studies found that lidocaine potentiated the antineoplastic

effects of the chemotherapeutic agent when tested in vitro. Of

note, four studies did not detect any alteration of chemo-

therapeutic agent effects by the tested local anaesthetic

during combination treatment. Three studies examined P-

glycoprotein expression, activity, or both as a potential

mechanism by which lidocaine may interact with chemo-

therapeutic agents.28,29,58 P-glycoprotein facilitates drug

efflux across the cell membrane and out of the cancer cell,

thus providing a means by which drug resistance can develop

and which provides a site where local anaesthetics can act to

reduce P-glycoprotein activity and enhance chemothera-

peutic agent efficacy.63

One in vivo study examining whether lidocaine may act via

inhibition of the Src oncogene studied the combination of i.v.

lidocaine and bosutinib (a BCR-ABL, Src tyrosine kinase in-

hibitor) on metastatic outcomes after excision of primary tu-

mours in a mouse model of breast cancer.31 While bosutinib

alone had no effect on postoperative pulmonary metastases,

lidocaine on its own reduced metastases, and unusually, the

combination of bosutinib/lidocaine actually reversed the

beneficial antimetastatic effects seen with lidocaine alone. A

number of explanations were postulated for this phenome-

non, including competitive binding at receptor sites. In

contrast to the results of this study, three other experiments

found that lidocaine significantly enhanced the effects of the

chemotherapeutic agent being studied when given as com-

bined treatment in murine cancer models: docetaxel in mel-

anoma, mitomycin-C in bladder cancer, and palbociclib in
breast cancer.55,61,62 The beneficial effects attributed to com-

bination local anaesthetic/chemotherapeutic agent treatment

in these animal models included reduced tumour growth61,62

and increased survival.55
Other amino amide local anaesthetics

Eleven of the included studies examined non-lidocaine amide

local anaesthetics, with individual studies often examining

multiple local anaesthetics. The most frequently examined

were ropivacaine (7/11) and bupivacaine (6/11), two agents

used in everyday clinical practice. All 11 were in vitro experi-

ments. Again, a wide range of cancers and chemotherapeutic

agents were studied, the most frequent being breast cancer (4/

11) and 5-fluorouracil (3/11), respectively. The 11 studies re-

ported almost uniformly beneficial anticancer in vitro effects

when local anaesthetic was added to chemotherapeutic agent

with the inhibitory effects of the chemotherapeutic agent be-

ing augmented by those of the local anaesthetic during com-

bination use. The influence of local anaesthetic/

chemotherapeutic agent on the Ras and Ras homolog family

member A (RhoA)/Rac1 signalling pathways were assessed by

three studies. Ras is an oncogene coding for a GTPase which

stimulates cellular proliferation and survival through,

amongst others, the PI3K/AKT/mTOR pathway, and is

frequently found in mutated form in cancer and was exam-

ined by several included studies.64e66 RhoA and Rac1 are also

GTPases and control actin fibre dynamics, cellular adhesion,

and cell migration. One study found that in melanoma cells,

lidocaine and ropivacaine, but not bupivacaine, decreased Ras,

RhoA, and Rac1 expression, and augmented the antimigratory,

antiproliferative and pro-apoptotic effects of the chemother-

apeutic agents vemurafenib and dacarbazine when used in

combination.56 Despite the lack of effect of bupivacaine on

these GTPases observed in this melanoma study, another

study found that bupivacaine did have inhibitory effects on

RhoA and Rac1 in gastric cancer cells; this finding was asso-

ciated with inhibition of migration and was additive when

combined with 5-fluorouracil.67 A further study examining

lidocaine, bupivacaine, ropivacaine, and mepivacaine found

that all tested local anaesthetics significantly enhanced the

antiproliferative and pro-apoptotic effects of both 5-

fluorouracil and paclitaxel in oesophageal cancer cells, and

although RhoA was unaffected, Rac1 activity was significantly

depressed by ropivacaine and bupivacaine.42 Bupivacaine

appeared to be the only local anaesthetic tested that inhibited

cell migration at clinically relevant concentrations (10 mM).
Amino ester local anaesthetic agents

Seventeen studies examined the effects of combined treat-

ment with procaine and a chemotherapeutic agent (11 were

in vitro studies, three in vivo, and three combined both in vitro

and in vivo elements). Procaine (often known by its trade name

Novocain) is one of the oldest synthetic local anaesthetics, and

although its systemic toxicity is relatively low, it has a high

pKa and a low lipid solubility conferring a slow onset time and

short duration of action limiting its clinical utility. Historically,

i.v. procaine has been used as a sole agent to provide general

anaesthesia, as when given in sufficient doses (1.25e2.5 g over

10 min) it will induce reduced consciousness without respi-

ratory depression or cardiovascular collapse. Unsurprisingly,

the overall patient experience was frequently unpleasant.68

Although still used for dental anaesthesia, the clinical use of
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procaine has largely been supplanted by newer amide local

anaesthetics which are less allergenic and have more favour-

able onset and offset profiles. However, a closely related de-

rivative, chloroprocaine, has found a useful niche as a short-

acting agent for spinal anaesthesia in day case surgery.

Procaine has activity outside of voltage-gated sodium

channel blockade with antagonistic effects at acetylcholine

receptors, N-methyl-D-aspartate (NMDA) receptors, the sero-

tonin receptor-ion channel complex, amongst others.69 One

potentially beneficial antineoplastic effect of procaine is its

recognised ability to demethylate DNA.70 DNA methylation is

an epigenetic modification involved in regulation of gene

expression and when occurring abnormally may result in

dysregulated gene expression leading to malignant trans-

formation. DNA hypermethylation resulting in the silencing of

tumour suppressor genes is a hallmark of many cancers, and

DNA demethylating agents such as 5-aza-20-deoxycytidine
(decitabine) can be effective chemotherapeutic drugs.71 Recent

evidence has shown that in oral squamous cell carcinoma,

procaine inhibits DNA methyltransferase, thereby preventing

DNAmethylation and promoting the expression of the tumour

suppressor gene PAX9, eventually leading to inhibition of cell

growth and stimulation of apoptosis in vitro and in vivo.72 The

effect of procaine on DNA methylation was also identified

when used in conjunction with carboplatin in colon cancer

cells, leading to inhibition of cancer cell proliferation, although

interestingly this effect was abolished at higher doses.32 Pro-

caine may also affect DNA by binding directly to certain re-

gions within the double helix, a finding associated with

enhanced doxorubicin cytotoxicity when used in combination

in breast cancer cells.73 The ability of procaine to act as a DNA

demethylating agent or otherwise interact with DNA opens a

potential door to its use in cancer therapeutics, particularly if

additive or synergistic effects with a chemotherapeutic agent

can be achieved clinically.

Historically the beneficial antineoplastic effects of procaine

were recognised from as early as the 1960s and developed

further over the subsequent decades. In 1969 it was observed

that procaine enhanced survival in a rat model of sarcoma

when combined with nitrogen mustard (an early chemother-

apeutic agent) compared with nitrogen mustard given alone,

whereas procaine alone had no beneficial effect on survival.

This effect was attributed to vasodilatation induced by pro-

caine improving perfusion of the sarcoma by the chemother-

apeutic agent.74 In the early 1980s, researchers found that

procaine enhanced the cytotoxicity of bleomycin (and its de-

rivative peplomycin) to breast cancer cells and doxorubicin to

melanoma cells in vitro.53,54,75 Beginning in the early 1990s,

Esposito and colleagues76,77 and Viale and colleagues78 began

experiments examining procaine used along with cisplatin in

a murine model of leukaemia, finding that procaine increased

the tolerated dose of cisplatin, reduced nephrotoxicity, and

improved survival. The same group subsequently developed a

novel single molecule combination of procaine and cisplatin

known as DPR.79,80 This was tested across a range of cancer

types in both in vitro and in vivo settings and found to have

greater antineoplastic effects compared with cisplatin use

alone.81e83 Despite these promising findings, DPR has not

found its way into mainstream clinical use as a chemotherapy

agent. Esters other than procaine (e.g. benzocaine, butacaine,

tetracaine) have rarely been studied in combination with

chemotherapeutic agents, but have been associated with
beneficial additive effects in the few in vitro studies that have

been performed.54,84
Limitations

As with any review, the accuracy of the conclusions we can

infer from the evidence is limited by the number, nature, and

quality of the included studies themselves. Laboratory studies,

unlike clinical trials, lack a recognised framework with which

to systematically assess bias, such as the Cochrane Risk of Bias

2 tool (RoB2). Similarly, there are no consensus-based tools

with which to examine the quality of the evidence provided by

in vitro and in vivo experiments in a systematic manner as

there are for clinical studies (i.e. the GRADE system, Grading of

Recommendations, Assessment, Development and Evalua-

tion). The studies included in this review are heterogenous in

terms of the local anaesthetics, chemotherapeutic agents,

drug concentrations, cancer types, animal models, and out-

comes studied. This renders formal meta-analysis inappro-

priate, and therefore interpretation and synthesis of the

results requires a less structured and defined narrative

approach, providing a more qualitative rather than quantita-

tive overview of the published evidence. Publication bias

favouring studies with positive results may be present also,

and it may be that other laboratory studies with negative re-

sults were performed but were not published (or were rejected

for publication).
Conclusions

Despite a relatively small evidence base of 43 published pre-

clinical studies, a large majority (almost 90%) of these

demonstrated beneficial interactions between local anaes-

thetics and chemotherapeutic agents in terms of effects on

cancer biology across a broad spectrum of cancers. Reassur-

ingly, many of the beneficial in vitro effects reported were also

detected in animal models, with no evidence of systemic

toxicity reported when using conventional doses. Positive re-

sults with a good safety profile in animal models present a

promising signal that similar results may potentially be seen

with translation to human clinical studies. However, no such

study has been performed to date. Although the local anaes-

thetic concentrations used in many of the in vitro experiments

often exceeded safe plasma concentrations and therefore

would not translate to use of i.v. local anaesthetic, these

concentrations could be achieved clinically through either

local infiltration, topical or intra-cavity application. Perhaps

the most obvious cohort in whom interactions between local

anaesthetic and chemotherapeutic agent therapy could be

studied are those patients undergoing HIPEC where the

chemotherapy given into the peritoneal space could possibly

interact with, for example, lidocaine given i.v., bupivacaine

given via the epidural space and absorbed systemically, or

ropivacaine given directly into the peritoneal cavity. As the use

of intraoperative chemotherapy becomes more common and

broadens in scope, the opportunities for combined local

anaesthetic/chemotherapeutic agent use are likely to in-

crease. Whether such combined use may benefit patients in

terms of improved clinical cancer outcomes will remain un-

known until the completion of suitably powered randomised

clinical studies.
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