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ABSTRACT

Lidocaine, a widely used local anesthetic, has shown potential for drug repositioning in oncology due to its multi-targeted
biological effects. There is evidence that lidocaine inhibits cancer cell proliferation, induces apoptosis, and suppresses
metastasis through mechanisms including PI3K/AKT/mTOR pathway inhibition and voltage-gated sodium channel blockade.
It also modulates the tumor microenvironment by reducing inflammatory signaling and cytokine release. Additionally,
lidocaine demonstrates promise as a chemosensitizer by enhancing the efficacy of anti-cancer agents such as cisplatin and
S-fluorouracil, partly through inhibition of drug efflux transporters and epigenetic reactivation of tumor suppressor genes.
This review analyzes current evidence on lidocaine as a potential anti-cancer drug and evaluates its efficacy and future
potential. While preclinical findings are encouraging, clinical translation remains limited due to uncertainties in dosage,
pharmacokinetics, and tumor heterogeneity. Further research is required to define its therapeutic role as an adjunct in

cancer treatment.
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Abbreviations

ATP-binding cassette- ABC, ATP-binding cassette sub-family B
member 1- ABCB1, BCL2 Associated X, Apoptosis Regulator-
Bax, Breast cancer resistance protein- BCRP, B-cell lymphoma
2- Bcl-2, Colorectal cancer- CRC, Extracellular matrix- ECM,
Extracellular Signal-Regulated Kinases 1 and 2-ERK1/2, High
mobility group box 1- HMGBI, Interleukin-6- IL-6, Intravenous-
IV, Mechanistic Target of Rapamycin- mTOR, Metalloproteinase-
MMP, Mitogen-activated protein kinases- MAPK, Mitomycin
C- MMC, Multi-drug resistance- MDR, Multi-drug resistance
associated protein 1- MRP1, Nuclear factor kappa-B- NF-kB,
Natural killer- NK, Phosphoinositide 3-kinase- PI3K, Protein
kinase B- PKB, AKT, P-glycoprotein- P-gp, Ras association domain
family 1 isoform A- RASSF1A, Retinoic Acid Receptor beta 2-
RARPB2, Sodium-Hydrogen Antiporter 1- NHEI, Subcutaneous-
SC, Toll-like receptors- TLR, Tumor necrosis factor alpha- TNF-a,
Voltage-gated sodium channel- VGSC, 5-fluorouracil- 5-FU.

Introduction

Lidocaine is a widely utilized local anesthetic that is classified as
a tertiary amide and a class Ib anti-arrhythmic agent. It displays
a range of physiological effects including anti-nociceptive, anti-
arrhythmic, anti-inflammatory, and anti-thrombotic properties. Its
primary mechanism of action involves the reversible blockage of
voltage-gated sodium channels (VGSC), thereby inhibiting the
propagation of action potentials along neuronal membranes. In
addition to this pathway, lidocaine has been shown to modulate
multiple others including nicotinic and acetylcholine receptors,
muscarinic cholinergic receptors, presynaptic calcium channels
in dorsal root ganglia, and opioid receptors [1]. It also influences
neurite growth and interferes with substance P binding to natural
killer (NK) cell receptors [2,3].

Beyond neuronal signaling, lidocaine exerts effects on key
inflammatory and immune-related pathways. These include the
modulation of toll-like receptors (TLR), inhibition of nuclear
factor kappa-B (NF-kB) signaling, and downstream suppression
of cytokine effectors such as high mobility group box 1 (HMGBI1)
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and tumor necrosis factor-o (TNF-a). Collectively these
mechanisms contribute to lidocaine's well-established clinical
outcome of localized analgesia, or loss of sensation or numbing of
the affected area [4]. These pathways are also critically involved
in tumor progression as chronic inflammation contributes to tumor
growth, angiogenesis, and immune evasion [5]. With lidocaine's
ability to modulate inflammation through multiple facets, it could
potentially create an anti-tumor microenvironment.

Clinically, lidocaine is most used in dentistry, minor surgical
procedures, and topically to provide patients with short-term
pain relief [6]. Additionally, it is frequently combined with
epinephrine (adrenaline) to prolong anesthetic duration and induce
vasoconstriction, reducing intraoperative bleeding [7]. Lidocaine
can be administered via multiple routes, including through
intravenous (IV) and subcutaneous (SC) injections, and topically
as a cream or gel [8]. This multi-modality makes it highly versatile
in pre-hospital, perioperative, and postoperative settings.

The pharmacological diversity of lidocaine remains unquestioned
by its wide range of uses. This has prompted a growing interest
in repositioning it for potential avenues of novel applications.
Drug repositioning refers to pre-existing drugs that are reallocated
to new disease treatment. The cost-effective and time-efficient
advantages of this has pushed the notion of lidocaine as an anti-
cancer drug. In this instance, lidocaine gained traction in the
oncologic realm due to the growing body of evidence that various
cancer cell lines exhibit suppressed cell growth, proliferation,
and metastasis, as well as direct cell death (apoptosis) following
exposure to lidocaine during oncologic surgical procedures [9].

A major challenge in cancer therapy is the development of multi-
drug resistance (MDR) through varying mechanisms, which
significantly limits the efficacy of conventional chemotherapeutics.
Cancer cells can overexpress ATP-binding cassette (ABC)
transporters, such as P-glycoprotein (P-gp/ABCBI1), MRP1, and
BCRP, which in turn actively pump chemotherapeutic agents out
of the cell [10]. This pumping allows the cancer cell to expel anti-
cancer drugs more efficiently, resulting in survival advantages.
Additionally, enhanced DNA repair of platinum-drug-treated
strands, metabolic alterations that either reduce uptake or accelerate
metabolism of chemotherapeutics, and evasion of apoptosis
(e.g., activating PI3K/AKT) are all ways that cancerous cells
have evolved to overcome current chemotherapeutic efforts [11].

Combinations of chemotherapeutics known as “chemo cocktails”
hold the current standard for cancer treatment, however the
compounded side effects, treatment delays, and sometimes
dangerous drug-drug interactions make it less than an ideal
solution [12]. Emerging evidence suggests that lidocaine may
function as a chemosensitizer, meaning it can enhance the
susceptibility of resistant cancer cell lines to anticancer agents.
When used in conjunction with anti-cancer drugs such as cisplatin
and S-fluorouracil (5-FU), it can induce apoptosis by modulating
signaling pathways (PI3K/AKT/mTOR), suppressing MAPK
pathways, and inducing mitochondrial dysfunction [13]. It also has

been shown to inhibit cancer cell survival pathways by suppressing
ABC transporters and reducing promoter methylation of tumor
suppressor genes (RARB2 and RASSF1A) [14]. These abilities
further support the potential for drug repositioning of lidocaine.

Current studies have shown lidocaine to exert its effects on multiple
cancer cell lines with strong findings among those including lung,
breast, liver, gastric, and colorectal lines [9, 4-17]. This is thought
to be partly attributed to lidocaine's primary mechanism of action,
VGSC inhibition. Cancer metastasis is known to be enhanced by
VGSCs due to the regulation of extracellular pH and increased
activity of enzymes that degrade the extracellular matrix (ECM)
[18]. Metastasis seen in aggressive, solid cancer cells such as
breast, prostate, and lung relies heavily on the downstream
effects of VGSC activation, suggesting lidocaine may be able to
influence tumor biology [19]. Despite these promising findings,
the mechanisms and clinical relevance of lidocaine's anti-cancer
effects remain incompletely understood.

This review aims to evaluate the potential of lidocaine as a
repurposed therapeutic in oncology. Specifically, it will examine
literature on the molecular mechanisms underlying lidocaine's anti-
tumor effects. In addition, the review will explore current evidence
surrounding its cellular effects in cancer models, with particular
emphasis on mechanisms related to tumor progression, metastatic
behavior, and inflammatory signaling. The capacity of lidocaine
to enhance the efficacy of conventional chemotherapeutics and
mitigate MDR will also be evaluated. Consideration will also
be given to translational challenges and clinical implications of
integrating lidocaine into existing cancer treatment strategies.

Background

Lidocaine and Cancer Cell Proliferation and Apoptosis
Lidocaine has demonstrated significant anti-proliferative and pro-
apoptotic effects across various cancer cell lines, suggesting a
direct role in inhibiting tumor growth. In vitro studies have shown
that lidocaine exposure results in decreased cell viability and
proliferation in cancers such as breast, lung, and colorectal [20-
23]. Mechanistically, these effects are largely mediated by key
intracellular signaling pathways involved in cell survival. Lidocaine
has been shown to inhibit the PI3K/AKT/mTOR pathway (Figure
2) [24], aregulator of cell growth and proliferation that is frequently
upregulated in malignant cells. In cancer cells, this pathway is
dysregulated due to PI3K hyperactivity which leads to AKT (protein
kinase B) activation and further mTOR (rapamycin) activation
[25]. Inhibition of this pathway reduces downstream signaling
required for protein synthesis and cell cycle progression, ultimately
limiting tumor expansion. Additionally, various cancerous cell
lines have been observed upregulating MAPK signaling pathways,
resulting in increased proliferation and metastasis. Lidocaine
yields inhibitory capabilities by suppressing the MAPK signaling
cascade that is overexpressed in cancer cells. This is achieved
by a down-regulation of phosphorylated ERK1/2 and activation
of p38 MAPK (Figure 3) [26]. P38 MAPK in turn decreases cell
proliferation, migration, and increases apoptosis, as seen by Li
and colleagues when observing colorectal cancer (CRC) [23].
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In addition to suppressing proliferation, lidocaine has been
reported to induce apoptosis through influencing both intrinsic
and extrinsic pathways. Evidence suggests that lidocaine promotes
mitochondrial dysfunction, which is characterized by the loss
of mitochondrial membrane potential and an increased release
of cytochrome c into the cytosol. This subsequently activates
mitochondrial proteases (caspase-9 and caspase-3), leading to a
cleavage cascade ending in programmed cell death. Furthermore,
lidocaine has been associated with alterations in the balance
of pro- and anti-apoptotic proteins. The upregulation of BAX
and downregulation of Bcl-2 seen favors apoptotic signaling in
affected cells [27]. Repression of cytoskeleton formation via
the inhibition of actin polymerization and disruption of F-actin
distribution has also been observed as a mechanism lidocaine uses
to decrease proliferation of cancer cells [28]. These molecular
changes highlight lidocaine's ability to shift cancer cells away
from survival and toward cell death.

Emerging research also suggests that lidocaine may exert epigenetic
effects that contribute to its anti-cancer activity. Specifically, it has
been shown to reduce promoter methylation of tumor suppressor
genes such as RARP2 and RASSFI1A, leading to their re-
expression in previously silenced cancer cells [15]. The restoration
of tumor suppressor function further enhances apoptotic pathways
and inhibits uncontrolled proliferation. Further, the upregulation
of miR-145, a tumor suppressor MicroRNA which reduces Cyclin
DI and increases p21 resulting in an inhibition of cell growth and
invasion, has been observed in cells treated with lidocaine [29].
Collectively, these findings indicate that lidocaine targets multiple
regulatory systems involved in cancer cell survival, reinforcing its
potential as a multi-faceted anti-cancer drug.

Lidocaine and Metastasis

Lidocaine has also been shown to inhibit cancer cell migration
and metastasis, processes that are pertinent for cancer progression
to occur. A key mechanism underlying this effect involves the
inhibition of VGSCs. This is increasingly recognized with growing
evidence showing their role in promoting metastatic behavior in
cancer cells. VGSCs are often overexpressed in highly invasive
cancers, including breast, prostate, colon, and lung tumors, where
they contribute to enhanced cellular motility and invasion [30,31].
Their activity has been linked to the regulation of extracellular
pH and the activation of proteolytic enzymes- such as matrix
metalloproteinases (MMPs), which degrade the ECM and facilitate
tumor cell dissemination (Figure 1) [32].

In cancerous cells, the increased intracellular sodium concentration
due to hyperactive VGSCs alters the activity of other ion
exchangers. Particularly, increasing Na'/H* exchanger (NHEI)
activity leading to an efflux of H* ions which results in further
intracellular alkalinization and extracellular acidification. With
respect to proteases, MMPs are activated and/or work more
efficiently at lower pH. As a result, MMPs accelerate degradation of
collagen and laminin stores that comprise the ECM. Additionally,
sodium influx can influence calcium handling and kinase activity,
resulting in actin filament remodeling and altered cell adhesion

dynamics [28,33].
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Figure 1: VGSC-dependent mechanisms. The increased VGSC activity
leads to an increase in intracellular pH and decrease in extracellular pH
via NHEI activation [32].

By blocking VGSCs, lidocaine is thought to disrupt these pro-
metastatic processes, reducing cancer cell invasiveness and
migratory capacity. In vitro co-culture studies have demonstrated
that lidocaine exposure leads to decreased cell migration and
invasion, paralleled with reduced expression and activity of
MMPs. Furthermore, lidocaine has been associated with alterations
in cytoskeletal organization and cell adhesion dynamics, both
of which are required for metastatic progression to occur. These
findings suggest that lidocaine may interfere with multiple
steps of the metastatic cascade, from local invasion to distant
colonization. As metastasis remains the leading cause of cancer-
related mortality, the ability of lidocaine to target VGSC-mediated
pathways highlights its potential significance as an adjunct in
limiting cancer spread [33].

Anti-inflammatory and Tumor Microenvironment

Chronic inflammation plays a role in tumor initiation, progression,
and immune evasion, making the tumor microenvironment a
high-value target in cancer therapy. Lidocaine has demonstrated
the ability to modulate several important inflammatory pathways
that contribute to tumor development. Notably, it inhibits the
activation of NF-kB, which is a transcription factor that regulates
the expression of numerous pro-inflammatory cytokines, adhesion
molecules, and survival genes in cancer cells. Persistent activation
of NF-kB is a hallmark of many malignancies and is associated
with increased tumor growth, angiogenesis, and resistance to
apoptosis [34,35]. Inhibition of NF-kB activation by lidocaine
results in a decrease in cytokine release, lowering the overall
physiologic inflammatory response.

In addition to NF-kB inhibition, lidocaine has been shown to
suppress TLR signaling and reduce the release of inflammatory
mediators such as TNF-a and HMGBI1 [34]. These molecules are
known to promote tumor-associated inflammation and facilitate
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communication between cancer cells and their surrounding stromal
and immune cells. By attenuating these signaling pathways,
lidocaine may reduce the formation of a pro-tumorigenic
microenvironment and enhance anti-tumor immune responses.
Its effects on NK cell activity and cytokine signaling also suggest
a potential role in preserving immune surveillance during cancer
progression [35,36]. Together these anti-inflammatory and
immunomodulatory properties position lidocaine as a promising
candidate for tumor suppression.

Chemosensitization and Multi-drug Resistance

The development of MDR remains a major obstacle in effective
cancer treatment, often leading to chemotherapy failure and disease
recurrence. Lidocaine has emerged as a potential chemosensitizing
agent capable of enhancing the efficacy of conventional
chemotherapeutics [9]. One proposed mechanism involves the
inhibition of ABC transporters, such as P-glycoprotein (ABCB1),
MRP1, and BCRP, which actively efflux anti-cancer drugs out of
cells and reduce intracellular drug accumulation. By suppressing
the activity or expression of these transporters, lidocaine may
increase the retention and effectiveness of chemotherapeutic agents
within resistant cancer cells. Examples observed in experimental
settings include: human breast cancer lines MCF-7 and MDA-
MB-231, which were sensitized to cisplatin, SK-MEL-2 melanoma
cells to 5-FU, BIU-87 human bladder cancer cells to Mitomycin
C and Pirarubicin, and skin cancer cell lines and mucosal cancer
cell lines to hyperthermia therapy by regulating cell cycle and heat
shock proteins [9].

In addition to modulating drug efflux, lidocaine has been shown
to influence key survival signaling pathways associated with
chemoresistance (PI3K/AKT/mTOR and MAPK pathways)
[9,37]. As discussed earlier, inhibition of these pathways can
restore apoptotic sensitivity and reduce cellular mechanisms
that promote survival under chemotherapeutic stress. In vitro
and in vivo studies have also shown lidocaine to enhance the
cytotoxic effects of commonly used agents such as cisplatin and
5-FU, leading to increased apoptosis and decreased proliferation
compared to chemotherapy alone [9,38].

Further studies suggest that lidocaine may exert epigenetic effects
that contribute to its chemosensitizing properties. For instance,
reduced promoter methylation of tumor suppressor genes such as
RARP2 and RASSF1A have been observed following lidocaine
treatment, resulting in their reactivation and increased susceptibility
of cancer cells to chemotherapy-induced cell death [14]. These
combined effects indicate that lidocaine targets multiple resistance
mechanisms simultaneously, further reinforcing its potential value
in overcoming MDR and improving therapeutic outcomes in
cancer treatment.

Experimental and Clinical Studies

A growing body of experimental and clinical research supports
the anti-cancer potential of lidocaine across multiple tumor types.
In vitro studies have consistently demonstrated that lidocaine
reduces cancer cell viability, proliferation, and migratory capacity

in breast, lung, colorectal, and gastric cancer models [15-17,39].
For example, several in vitro studies have reported that lidocaine
exposure leads to dose-dependent inhibition of proliferation and
increased apoptotic activity, often associated with suppression
of the PI3K/AKT/mTOR signaling pathway and activation of
caspase-mediated cell death [9,17,27,38,40,41]. Ranxu and
colleagues analyzed relevant publications between 2004-2024
and concluded findings that directly align with this review such
as suppression of the PI3K/AKT/mTOR signaling pathway and
inhibition of proliferation via alteration of MAPK pathways [40].
This further supports the notion that lidocaine directly interferes
with key survival mechanisms in malignant cells.
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Figure 2: Activation of PI3K/AKT/mTOR pathway in breast cancer cells
and the effects on cell proliferation and metastasis [24].
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In addition to its effects on proliferation, multiple studies have
highlighted the role of lidocaine in inhibiting metastasis-related
behaviors both in vitro and in vivo. Experimental models have
shown that lidocaine reduces cancer cell migration and invasion
through downregulation of MMPs and disruption of cytoskeletal
organization. These effects are closely linked to the inhibition of
VGSCs, which are overexpressed in highly metastatic cancers and
contribute to the degradation of the ECM and tumor cell motility
[9,42]. Such findings reinforce the mechanistic link between
lidocaine’s electrophysiological effects and its ability to suppress
metastatic progression.

Lidocaine has also demonstrated synergistic effects when combined
with conventional chemotherapeutic agents. Recent studies have
investigated its use alongside drugs such as cisplatin and 5-FU and
reported enhanced cytotoxicity, increased apoptosis, and reduced
cancer cell survival compared to chemotherapy alone [43]. These
effects are thought to result from lidocaine’s ability to inhibit drug
efflux transporters, modulate survival signaling pathways, and
restore sensitivity to apoptotic signals as described by Wei et al.
[43]. Furthermore, emerging evidence suggests that lidocaine may
influence epigenetic regulation by reducing promoter methylation
of tumor suppressor genes, enhancing the overall efficacy of
chemotherapeutic treatment [15].

Freeman and colleagues provide evidence of the anti-cancer
effects of lidocaine using a triple negative breast cancer mouse
model. The mice were randomized into one of three groups:
Sevoflurane/Control Group, Cisplatin Group, or Cisplatin and
Lidocaine (C&L) Group. Results show that the C&L group had a
>75% decrease in pulmonary metastatic colonies when compared
to the other two groups. Additionally, reduced Interleukin-6 (IL-6)
expression associated with perioperative lidocaine administration
was observed, pointing to immune response depression and
anti-inflammatory action. This evidence further supports the
notion that lidocaine acts as a chemosensitizer as well as an
immunomodulatory agent in cancer models. An important note is
the primary tumor diameter was significantly increased for C&L
treated mice compared to the control group [44]. This finding was
not further explained by the text; however, it did not appear to
make a difference in data interpretation.

In another mouse model exploring lidocaine’s effects on bladder
cancer, it was found that when combined with lidocaine,
chemotherapeutic agent mitomycin C (MMC) more efficiently
inhibited cell proliferation rates. The level of inhibition was found
to be dose dependent, as seen with 22% inhibition with 1.25mg/mL
lidocaine versus 74% inhibition with Smg/mL lidocaine exposure.
Yang et al. concluded that lidocaine in conjunction with other anti-
cancer drugs (MMC) could potentially be a more effective therapy
for bladder cancer than monotherapy [38].

Clinical evidence is more limited; however, it provides additional
support for lidocaine's potential role as an anti-cancer drug. Several
clinical trials exploring the anti-cancer effects of lidocaine have
been completed and reported results that align with the notion that

it can negatively influence cell metastasis and proliferation [36,45].
Notably, several ongoing clinical trials are actively investigating
these effects [46-49]. Perioperative studies have suggested that
intravenous lidocaine infusion during cancer surgery may be
associated with reduced postoperative inflammation, preservation
of immune function, and potentially lower rates of cancer
recurrence [50-52]. However, these findings remain variable
and are often derived from small or retrospective studies, which
highlights the need for larger, well-defined clinical trials.

The available evidence on lidocaine’s drug repositioning
demonstrates that it exerts anti-cancer effects across multiple
biological processes and experimental models. It is important to
note that many in vitro studies utilize lidocaine concentrations
exceeding those achievable in clinical settings, which raises
concerns about translational applicability. Further, the variability
in study design, dosing strategies and cancer types shows the need
for standardized approaches in future research to better define its
therapeutic potential.

Discussion

The growing body of evidence surrounding lidocaine's anti-cancer
properties highlights its potential as a multi-targeted therapeutic
agent in oncology. As discussed, lidocaine exerts effects across
several hallmarks of cancer including the inhibition of proliferation,
induction of apoptosis, suppression of metastasis, modulation of
inflammatory signaling, and enhancement of chemosensitivity.
These findings suggest that lidocaine does not act through a
single pathway, but rather through a network of interconnected
mechanisms that collectively disrupt tumor progression.

One of the most compelling aspects of lidocaine's anti-cancer
activity is its ability to target VGSCs which are increasingly
implicated in metastatic behavior. As previously discussed, VGSC
inhibition plays a role in the limitation of metastatic cancer [53].
In parallel, its suppression of inflammatory pathways such as NF-
kB and TLR signaling highlights its potential to alter the tumor
microenvironment, which plays a key role in supporting tumor
growth and immune evasion [54]. These combined effects give
lidocaine a unique advantage as it can target both cancer cells
directly, as well as the surrounding environment that facilitates
their survival. Additionally, the ability of lidocaine to function as
a chemosensitizer presents a promising strategy for overcoming
MDR, which is a major limitation of current cancer therapies. By
modulating drug efflux transporters, restoring apoptotic signaling,
and influencing epigenetic regulation, lidocaine may enhance the
efficacy of conventional chemotherapeutic agents such as cisplatin
and 5-FU [33]. This is particularly significant given the clinical
challenges associated with chemotherapy resistance- including
treatment failure and disease recurrence.

Despite these findings, several challenges limit the integration
of lidocaine into standard oncologic practice. A major barrier
is the reliance on in vitro and preclinical models, which do
not fully capture the complexity of human tumors and their
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microenvironments. Also, many experimental studies utilize
lidocaine concentrations that exceed those administered in clinical
settings, raising concerns about the translational relevance to these
findings [13]. Determining whether therapeutically safe doses can
reproduce the observed anti-cancer effects remains a hurdle.

Pharmacokinetic and pharmacodynamic considerations also
present challenges. Lidocaine has a relatively short half-life and
is rapidly metabolized, which may limit its sustained anti-tumor
activity when administered systemically. IV lidocaine peak
plasma levels occur within 3-5 minutes, with a half-life of 30-120
minutes, compared to other local anesthetics such as bupivacaine
(up to 5.5 hours) [55-57]. Building from this, its effects may vary
depending on the route and timing of administration, particularly
in perioperative versus long-term therapeutic contexts [58,59].
Optimizing delivery methods, such as continuous infusion,
targeting delivery systems, or combination regimens, will enable
clinicians to maximize its efficacy while minimizing systemic
toxicity.

Another obstacle lies in the heterogeneity of cancer. Different
tumor types, and even subpopulations within the same tumor, may
exhibit variable expression of VGSCs, inflammatory mediators,
and drug resistance mechanisms [60]. This variability suggests
that lidocaine's effectiveness may not be universal, and that patient
selection or biomarker identification will likely be necessary to
determine which cancers are most responsive.

From a clinical perspective, there is currently a lack of large-scale,
randomized controlled trials evaluating lidocaine's anti-cancer
effects. While some perioperative studies have reported potential
benefits, including reduced recurrence rates and preservation of
immune function, findings remain inconsistent and insufficient to
support widespread clinical adoption. Regulatory and logistical
challenges associated with the repositioning of such an established
drug as lidocaine may also slow its integration into oncology
protocols [40,61].

Future research should therefore focus on bridging the gap between
preclinical findings and clinical application. Well-designed
clinical trials are needed to evaluate the efficacy of lidocaine in
specific cancer types, both as a monotherapy and in combination
with established chemotherapeutics. Attention should be given to
identifying clinically relevant dosing and treatment windows. This
is especially true in perioperative settings where lidocaine may
influence metastatic spread.

Further investigation into the molecular mechanisms of lidocaine’s
action could help identify predictive biomarkers of response,
enabling a more personalized approach to its use in oncology.
Advances in drug delivery systems, such as nanoparticle-
based carriers or targeted formulations, may also enhance its
bioavailability and tumor-specific effects [62]. Finally, integrating
lidocaine into combination therapies with immunotherapy
or targeted agents represents a promising avenue for future
exploration, given its immunomodulatory and anti-inflammatory

properties. Overall, while lidocaine demonstrates significant
potential as an anti-cancer drug, challenges remain. Addressing
these limitations through focused and translational research will
give insight into its potential role in cancer treatment.

Conclusions

In conclusion, lidocaine represents a compelling candidate for
drug repositioning in oncology due to its diverse pharmacological
profile and ability to target multiple hallmarks of cancer. Evidence
from preclinical and emerging clinical studies indicates that
lidocaine can inhibit cancer cell proliferation, induce apoptosis,
suppress metastatic behavior through VGSC inhibition, modulate
inflammatory signaling within the tumor microenvironment, and
enhance the efficacy of conventional chemotherapeutic agents.
These multifaceted effects distinguish lidocaine as a potentially
valuable therapeutic, particularly in the context of overcoming
multidrug resistance.

However, despite these promising findings, significant limitations
currently restrict its clinical application. Most of the available
evidence is derived from in vitro and preclinical models, with
limited translation into well designed clinical trials. Uncertainty
surrounding optimal dosage, route of administration, and
pharmacokinetic constraints further complicates its integration into
standard treatment protocols. Additionally, tumor heterogeneity
and variability in molecular targets suggest that lidocaine's efficacy
may be context dependent, making it necessary for more patient
stratification in studies.

Further research should therefore prioritize the thoughtful design
of clinical trials to evaluate lidocaine's therapeutic potential across
specific cancer types and treatment settings. Efforts to establish
clinically relevant doses, identify predictive biomarkers of
response, and develop targeted delivery systems will be crucial
to advancing lidocaine’s drug repositioning. Moreover, exploring
its role in combination therapies- including chemotherapy,
immunotherapy, and targeted agents- may further enhance its
clinical usability. While lidocaine alone is unlikely to replace
conventional cancer therapies, its repositioning as an adjunctive
agent offers a promising and cost-effective strategy to improve
treatment outcomes. With continued investigation and clinical
validation, lidocaine may emerge as a valuable component of
integrated cancer treatment, particularly in addressing challenges
such as metastasis and MDR.
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