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Abstract

Arginase inhibitors have emerged as promising agents in cancer therapy, targeting the dysregulated arginine
metabolism that supports tumor growth and immune evasion. By modulating the tumor microenvironment, these
inhibitors restore immune function and enhance antitumor responses. Recent advancements in medicinal
chemistry have led to the development of potent and selective arginase inhibitors, including small molecules,
natural product derivatives, and peptidomimetics. Despite their potential, clinical translation is hindered by
challenges such as off-target effects, toxicity, and suboptimal pharmacokinetics. This review provides a
comprehensive analysis of the progress in arginase inhibitor development from 2019 to 2024, highlighting
innovative strategies in drug design and addressing key hurdles. Emerging trends, including combination
therapies and advanced delivery systems, are explored, offering insights into future directions for optimizing
their therapeutic potential in oncology.
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Introduction

Cancer remains one of the leading causes of mortality worldwide, with its complexity necessitating diverse
therapeutic strategies. While traditional treatments like chemotherapy and radiotherapy have shown efficacy,
they are often associated with significant toxicity and resistance. Targeted therapies, focusing on specific
molecular pathways crucial for tumor progression, have emerged as a promising alternative. Among these,
targeting tumor metabolism and the tumor microenvironment (TME) has gained considerable attention. Arginase,
a metalloenzyme central to the urea cycle, plays a pivotal role in arginine metabolism. By hydrolyzing arginine
into urea and ornithine, arginase impacts immune regulation and cellular proliferation. In cancer, arginase activity
is often upregulated, depleting arginine in the TME. This depletion compromises the function of immune cells,
such as T-cells and natural killer (NK) cells, creating an immunosuppressive environment that favors tumor
survival and progression.Arginase inhibitors have been recognized as potential therapeutic agents capable of
reversing arginine depletion, reactivating immune responses, and limiting pro-tumorigenic processes. Over the
past few years, significant strides have been made in the discovery and development of arginase inhibitors. From
synthetic small molecules to natural product derivatives, researchers have focused on optimizing potency,
selectivity, and pharmacokinetics.However, despite these advancements, the clinical application of arginase
inhibitors faces several challenges. Issues such as off-target effects, immunogenicity, and delivery mechanisms
hinder their full potential. This review delves into the opportunities and challenges associated with arginase
inhibitors in cancer therapy. By examining recent research from 2019 to 2024, it provides insights into their
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medicinal chemistry, therapeutic applications, and future prospects, offering a roadmap for advancing this
promising therapeutic class.

Role of Arginase in Cancer
1 Arginine Metabolism in Normal and Cancerous Conditions

Arginine is a semi-essential amino acid integral to various physiological processes, including protein synthesis,
immune cell activation, and nitric oxide production. In normal physiology, arginase catalyzes the hydrolysis of
arginine into urea and ornithine as part of the urea cycle. However, in cancer, arginine metabolism becomes
dysregulated, driven by the overexpression of arginase isoforms, particularly ARG1 and ARG2.In the context of
cancer, elevated arginase activity depletes extracellular arginine levels, impairing the functions of arginine-
dependent immune cells, such as cytotoxic T lymphocytes (CTLs) and natural killer (NK) cells. This deprivation
contributes to immune suppression, tumor immune evasion, and enhanced tumor progression.
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Figure-1simplified diagram illustrating the arginine metabolism pathway and its impact on the tumour
microenvironment (TME). Let me know if you need any modifications or additional labels.

2 Arginase in the Tumor Microenvironment (TME)

The tumor microenvironment (TME) is a highly dynamic and immunosuppressive niche that supports cancer
growth and metastasis. Arginase, primarily secreted by myeloid-derived suppressor cells (MDSCs) and tumor-
associated macrophages (TAMs), plays a critical role in shaping the TME.Arginine Depletion and Immune
Suppression-Arginine is essential for T-cell activation and proliferation. Arginase overexpression in the TME
reduces arginin availability, leading to T-cell dysfunction and reduced production of inflammatory cytokines like
interferon-gamma (IFN-y).NK cells, which rely on arginine for cytotoxic activity, are similarly suppressed,
enabling tumor immune evasion.Ornithine Accumulation and Tumor Progression-Ornithine, the product of
arginase activity, is a precursor for polyamines and proline. Polyamines are critical for cell proliferation, while
proline contributes to collagen synthesis and extracellular matrix remodeling, facilitating tumor invasion and
metastasis.

3 Clinical Relevance of Arginase Overexpression

Several cancers, including hepatocellular carcinoma, melanoma, and colorectal cancer, show increased arginase
expression. High arginase levels are often associated with: Poor prognosis due to enhanced tumor aggressiveness
and immune suppression. Therapeutic resistance as the immunosuppressive environment reduces the efficacy
of immune checkpoint inhibitors and other therapies.Targeting arginase to restore arginine levels and reinvigorate
antitumor immunity is therefore a compelling therapeutic strategy. However, a nuanced understanding of
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arginase biology, particularly its isoform-specific roles (ARG1 and ARG2), is crucial for developing effective
inhibitors.By addressing the dual roles of arginase—arguing its contribution to immune suppression and tumor
progression—therapeutic approaches can be optimized for precision targeting in cancer treatment.

Advances in Arginase Inhibitors

Over the past five years, significant advancements have been made in the development of arginase inhibitors,
with a focus on improving potency, selectivity, and pharmacokinetics. These inhibitors are classified based on
their chemical nature and mechanism of action, ranging from synthetic small molecules to biologically derived
compounds.

1 Synthetic Small Molecules

Synthetic small molecules are among the most extensively studied arginase inhibitors due to their versatility in
chemical modification and scalability in production. Boronic Acid-Based Inhibitors-Boronic acid derivatives
have shown high affinity for the manganese ions in the arginase active site, disrupting enzymatic
activity. Example: CB-1158 (INCB001158), a boronic acid-based inhibitor, has entered clinical trials,
demonstrating efficacy in enhancing antitumor immune responses when combined with immune checkpoint
inhibitors.

2.Hydroxamate Derivatives

Hydroxamates exhibit strong chelation with the bimetallic manganese cluster at the enzyme's active site,
effectively inhibiting arginase activity. These compounds are particularly favored for their robust enzyme-binding
properties and ease of structural optimization.

3.Thiadiazole and Imidazole-Based Compounds

These heterocyclic compounds have emerged as potential arginase inhibitors due to their stability and favorable
pharmacokinetic profiles.They often show excellent bioavailability and metabolic stability.

2 Natural Product Derivatives

Natural products have provided structurally unique and biologically potent templates for arginase
inhibitors.Plant-Derived Compounds:Phytochemicals, such as flavonoids and alkaloids, have demonstrated
inhibitory activity against arginase, though their mechanisms are less well-defined compared to synthetic
compounds.Marine-Derived Molecule-Compounds isolated from marine organisms, including sponges and
algae, offer novel scaffolds for inhibitor development. These often feature unique functional groups that interact
with the arginase active site.

3 Peptidomimetics and Prodrugs

Peptidomimetics mimic the structure of natural substrates, offering improved enzyme specificity and reduced
off-target effects.Substrate Analogues-Arginine derivatives have been designed to competitively inhibit
arginase activity while maintaining substrate-like interactions.Prodrug Strategie-Prodrugs improve the
bioavailability of poorly soluble inhibitors by masking active functional groups with cleavable moieties that
activate within the target tissue.

4 Structure-Activity Relationship (SAR) Studies

SAR studies have been instrumental in optimizing the potency and selectivity of arginase inhibitors: Functional
Group Modifications: Modifying hydrophobic or charged groups to enhance binding affinity. Computational
Drug Design: Molecular docking and simulation studies have identified key residues in the active site, aiding in
rational drug design.Isoform Selectivity: Designing inhibitors that selectively target ARG1 or ARG2 to reduce
off-target effects.

5 Drug Delivery Innovations

To overcome challenges such as poor bioavailability and systemic toxicity, advanced delivery systems have been
explored:Nanoparticles-Encapsulation of arginase inhibitors in nanoparticles enhances their stability, prolongs
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circulation time, and allows targeted delivery to tumors.Liposome-Liposomal formulations improve the
solubility and pharmacokinetic profiles of hydrophobic inhibitors.Polymeric Conjugates-Biodegradable
polymers conjugated with arginase inhibitors enable controlled and sustained release at the tumor site.These
advancements in arginase inhibitors demonstrate their potential as a viable therapeutic option in cancer treatment.
However, the translation of these innovations into clinical practice requires addressing existing challenges, as
discussed in the subsequent sections.

Structure-Activity Relationship (SAR) Studies

Structure-Activity Relationship (SAR) studies play a critical role in the rational design and optimization of
arginase inhibitors by linking chemical modifications to biological activity. These studies focus on identifying
functional groups and molecular interactions essential for binding to the arginase enzyme and improving
inhibitor potency, selectivity, and pharmacokinetics.Key Insights from SAR Studies-1. Interaction with the
Active Site.Arginase's active site features a binuclear manganese cluster that is vital for its enzymatic activity.
Effective inhibitors target this cluster to disrupt catalysis.Chelating Groups:Hydroxamate (-C(=0)-OH) and
boronic acid (-B(OH)2) groups are particularly effective in chelating the manganese ions, providing strong and
specific binding.Chelators with high affinity often exhibit increased potency but may require modification to
balance selectivity and toxicity. Hydrophobic and Polar Interactions-The arginase active site includes both
hydrophobic and polar residues, offering opportunities to fine-tune inhibitor binding.Hydrophobic
Regions:Incorporation of lipophilic substituents (e.g., alkyl or aryl groups) enhances interactions with nonpolar
pockets, improving binding strength.Excessive hydrophobicity, however, may reduce solubility and lead to off-
target effects.Polar Interactions:Polar substituents like amides and hydroxyl groups form hydrogen bonds with
residues lining the active site, contributing to specificity. Isoform Selectivity: Arginase exists in two isoforms,
ARGI1 and ARG2, with distinct roles in physiology and pathology. SAR studies aim to develop isoform-selective
inhibitors to minimize off-target effects. ARG1-Selective Inhibitors:Often feature steric modifications near the
catalytic site to exploit ARG1-specific binding pockets.Used in targeting tumor-associated macrophages and
myeloid-derived suppressor cells (MDSCs) in the tumor microenvironment (TME).ARG2-Selective
Inhibitors: ARG?2, implicated in mitochondrial processes, requires inhibitors that target isoform-specific regions
beyond the active site.Improving Pharmacokinetics:SAR studies have focused on optimizing molecular
properties to enhance pharmacokinetics.Bioavailability:Modifications such as prodrug strategies and
incorporation of hydrophilic groups improve solubility and systemic absorption. Metabolic Stability:Replacing
metabolically labile groups with more stable moieties (e.g., replacing esters with amides) enhances in vivo half-
life.

Computational Contributions to SAR

Modern SAR studies heavily rely on computational approaches:Molecular Docking and Dynamics.Predict
binding poses and interactions of inhibitors with the enzyme active site.QSAR Models (Quantitative
SAR):Statistical models correlate chemical structure with activity, guiding the design of new inhibitors. Virtual
Screening: Accelerates identification of lead compounds by screening large compound libraries against arginase
models.

Representative Case Studies:Hydroxamate-Based Inhibitors:SAR studies revealed that adding bulky side
chains improves isoform selectivity by exploiting differences in active-site accessibility.Boronic Acid
Derivatives:Substituting aromatic rings at specific positions enhances hydrophobic interactions while
maintaining strong chelation of manganese ions.Peptidomimetics:Modifying the backbone of arginine-derived
inhibitors to incorporate non-natural amino acids increases enzyme binding and reduces immunogenicity. SAR
studies provide a roadmap for designing more effective and selective arginase inhibitors. By systematically
exploring molecular modifications and their impact on biological activity, researchers continue to refine
inhibitors with better potency, isoform specificity, and drug-like properties, paving the way for clinical success.
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Figure :2 Structure—Activity Relationships: Visual representation of key functional groups

and their contributions to arginase inhibition.

Challenges in Clinical Translation of Arginase Inhibitors

Despite the promising preclinical data and advancements in the development of arginase inhibitors, several
significant challenges remain in translating these compounds into effective clinical therapies. These challenges
primarily revolve around issues related to specificity, toxicity, pharmacokinetics, and the complexity of the
tumor microenvironment (TME). Addressing these obstacles is crucial for the successful clinical application of
arginase inhibitors in cancer treatment. Selectivity and Off-Target Effects:One of the primary challenges in the
development of arginase inhibitors is achieving isoform-specific inhibition of arginase. Arginase exists in two
isoforms: ARG1 and ARG2, which share high structural homology, especially in their active sites. This
similarity complicates the design of selective inhibitors, as many compounds that target one isoform also inhibit
the other. ARG1 vs. ARG2 Selectivity:ARGL1 is primarily involved in immune modulation within the tumor
microenvironment (TME), while ARG2 is linked to mitochondrial functions. Therefore, non-selective inhibitors
could inadvertently affect critical normal physiological functions, leading to systemic side effects.Achieving
selectivity is particularly important when targeting tumor-associated macrophages or myeloid-derived
suppressor cells (MDSCs) without impairing normal immune function. Off-target Effects:Many arginase
inhibitors also affect other enzymes and pathways involved in cellular metabolism, potentially leading to
undesirable effects on non-target tissues or cellular functions. Pharmacokinetic Issues:Pharmacokinetics (PK),
including absorption, distribution, metabolism, and excretion (ADME) properties, pose significant barriers to
the clinical success of arginase inhibitors. Many promising inhibitors face challenges related to poor
bioavailability, rapid clearance, and limited tissue penetration.Bioavailability:Many arginase inhibitors are
hydrophobic or highly charged, which complicates their absorption and solubility. For effective oral
administration, formulations with enhanced bioavailability are necessary, but such formulations may increase
the risk of off-target effects.Metabolic Stability:A number of arginase inhibitors undergo rapid metabolic
degradation in the liver, reducing their efficacy and requiring frequent dosing. The design of inhibitors with
improved metabolic stability is crucial to ensure prolonged therapeutic effects.Tissue Distribution:To
effectively target the tumor microenvironment (TME), arginase inhibitors need to reach adequate concentrations
within the tumor tissues. However, their ability to cross biological barriers like the blood-brain barrier (BBB) or
tumor vasculature may be limited. Toxicity and Side Effects:Toxicity remains a significant concern for most
drug candidates, and arginase inhibitors are no exception. The potential for off-target interactions with other
enzymes and immune cells could lead to unwanted side effects. Additionally, because arginine is involved in
multiple essential biological processes, its depletion might have unintended
consequences.Immunosuppression:While arginase inhibitors aim to reverse the immunosuppressive effects of
the tumor microenvironment, they may inadvertently suppress the immune system. For example, prolonged
depletion of arginine may compromise the function of healthy immune cells, leading to increased susceptibility
to infections.Systemic Effects:Inhibiting arginase may lead to systemic metabolic disturbances, as arginine is
involved in various pathways, including nitric oxide synthesis, urea cycle regulation, and protein synthesis. These
disruptions could cause adverse effects, particularly in organs with high metabolic demands. Tumor
Heterogeneity and Microenvironment Complexity:The tumor microenvironment (TME) is highly
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heterogeneous, and different tumors may respond differently to arginase inhibition. Factors such as tumor type,
stage, and the specific immune landscape of the TME can influence the effectiveness of arginase-targeted
therapies. TME Composition:The TME is composed of various immune cells, stromal cells, and endothelial
cells, all of which can impact the response to arginase inhibition. Tumors with a high proportion of immune-
suppressive cells (such as MDSCs and TAMs) may benefit more from arginase inhibition, while those with
different immune profiles may show limited response.Immune Evasion:Some tumors might develop
mechanisms to bypass the effects of arginase inhibition, either by compensating through other metabolic
pathways or by enhancing the activity of alternative immunosuppressive mechanisms. Combination Therapy
Strategies.A promising approach to overcoming some of these challenges is to use arginase inhibitors in
combination with other therapeutic modalities, such as immune checkpoint inhibitors, chemotherapy, or targeted
therapies. However, this strategy introduces new complexities:Synergy with Immune Checkpoint
Inhibitors:Combining arginase inhibitors with immune checkpoint inhibitors (e.g., PD-1/PD-L1 inhibitors) may
restore T-cell function and improve antitumor immunity. However, careful dosing is required to balance immune
activation without triggering excessive inflammation or immune-related adverse effects.Chemotherapy and
Radiation:Combining arginase inhibition with conventional therapies like chemotherapy or radiation might
enhance treatment efficacy by increasing tumor immunogenicity. However, these combinations can exacerbate
toxicity and require careful optimization.Clinical Trial Design and Biomarkers:The clinical development of
arginase inhibitors will benefit from well-designed clinical trials that focus on biomarkers to predict response
and monitor efficacy.Biomarkers for Arginase Activity:ldentifying reliable biomarkers that can measure the
activity of arginase in the tumor and peripheral blood is crucial for patient stratification and monitoring treatment
efficacy.Patient Stratification:Tailoring treatment based on the specific characteristics of the tumor, including
arginase expression levels and the immune profile of the TME, may improve therapeutic outcomes.While the
development of arginase inhibitors holds significant promise for cancer therapy, their clinical translation faces
several hurdles. Addressing issues related to selectivity, pharmacokinetics, toxicity, and the complexity of the
TME will be key to unlocking their full therapeutic potential. Combination therapies, improved drug delivery
systems, and personalized treatment strategies offer promising avenues for overcoming these challenges and
optimizing the clinical application of arginase inhibitors.

Future Directions in Arginase Inhibitor Development:

The development of arginase inhibitors as a therapeutic strategy in cancer treatment is still in its early stages, but
there is significant potential for advancement. Several areas of research and innovation promise to refine and
optimize the use of these inhibitors, improving their clinical translation and expanding their applicability. The
future directions outlined below focus on advancing the mechanisms of inhibition, improving drug delivery, and
exploring new combination therapies and patient-specific approaches.Optimizing Selectivity and Specificity: A
key area of future research will be the development of highly selective inhibitors that target the ARG1 and ARG2
isoforms individually. As mentioned earlier, the close structural similarity between these two isoforms poses a
challenge in achieving isoform-specific inhibition, but overcoming this hurdle is crucial for minimizing off-
target effects.Isoform-Specific Inhibitors:Researchers are focused on identifying and developing inhibitors that
selectively target either ARGL, predominantly involved in immune suppression in the TME, or ARG2, which
plays a critical role in cellular metabolism and mitochondrial functions. This will require detailed structural
studies and the identification of unique binding pockets specific to each isoform.

Advanced Screening Technologies:High-throughput screening and computational methods (e.g., molecular
docking, machine learning) could significantly accelerate the discovery of isoform-selective inhibitors by
predicting which molecular modifications might enhance specificity. Enhancing Pharmacokinetics and Drug
Delivery:Improving the pharmacokinetic properties of arginase inhibitors is essential for their clinical success.
Current formulations often suffer from poor bioavailability, rapid metabolic degradation, or insufficient tumor
penetration. Innovative drug delivery systems could address these challenges.Nanomedicine and Targeted
Drug Delivery:Nanoparticles and liposomes can be employed to encapsulate arginase inhibitors, enhancing
their solubility and providing controlled, targeted release to tumor sites. Such systems can also minimize
systemic toxicity by ensuring that high concentrations of the drug are delivered specifically to the tumor
microenvironment (TME).Prodrugs and Biodegradable Polymers:The design of prodrugs (inactive
compounds that are converted to active forms within the tumor) could enhance the stability and half-life of
arginase inhibitors. Additionally, using biodegradable polymer conjugates might allow for sustained release,
reducing the need for frequent dosing.
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Exploring Combination Therapies

Given the complex nature of cancer biology, combining arginase inhibitors with other therapeutic modalities
holds significant promise. These combinations could enhance efficacy by targeting multiple pathways
simultaneously, potentially overcoming tumor resistance mechanisms.Immunotherapy
Combinations:Combining arginase inhibitors with immune checkpoint inhibitors (e.g.,, PD-1/PD-L1
inhibitors or CTLA-4 inhibitors) could restore immune function in the TME, particularly in the activation of T-
cells. The synergistic effects between immune checkpoint blockade and arginase inhibition might enhance
antitumor immunity, leading to better patient outcomes.Chemotherapy and Targeted Therapy:Arginase
inhibitors could be used in combination with chemotherapy or targeted therapies to improve the immune
response and tumor sensitivity. By reducing immune suppression in the TME, arginase inhibitors may increase
the effectiveness of conventional treatments. However, optimal dosing and careful monitoring are required to
prevent enhanced toxicity.Radiation Therapy:Arginase inhibition may make tumors more responsive to
radiation therapy by increasing tumor vascularity and oxygenation, thus enhancing the effectiveness of
radiation in Killing tumor cells.Biomarker Development and Personalized Medicine:The future of arginase
inhibitors lies in their integration into personalized treatment strategies, where biomarker-based patient
stratification can help identify the most appropriate candidates for these therapies.Biomarkers for Arginase
Activity:Developing biomarkers to measure arginase activity in both tumor tissues and blood plasma could
be critical for assessing patient response to therapy. These biomarkers could help guide treatment decisions,
monitoring therapeutic efficacy, and predicting treatment resistance.Tumor Microenvironment
Profiling:Profiling the immune and metabolic landscapes of the TME could help identify patients who are most
likely to benefit from arginase inhibition. Tumors with high levels of myeloid-derived suppressor cells
(MDSCs), tumor-associated macrophages (TAMSs), or T-cell exhaustion are particularly responsive to
arginase-targeted therapies.Targeting Alternative Arginine Metabolism Pathways.Beyond arginase, the
arginine metabolism pathway involves several other enzymes, such as inducible nitric oxide synthase (iNOS)
and ornithine decarboxylase (ODC), that contribute to cancer progression. Targeting multiple nodes in this
pathway could provide a more comprehensive therapeutic approach.Dual Inhibition Strategies:Developing
inhibitors that target arginase alongside other enzymes involved in arginine metabolism, suchas iNOS or ODC,
could enhance the overall impact on tumor immune modulation and metabolic reprogramming.Targeting the
urea cycle:Enzymes in the urea cycle, such as citrulline-urease, are also being explored as additional
therapeutic targets to complement the effects of arginase inhibition.Global Collaboration and Clinical
Trials:To accelerate the clinical translation of arginase inhibitors, global collaboration between researchers,
clinicians, and pharmaceutical companies will be essential. Multinational Clinical Trials:Well-designed, multi-
center clinical trials focused on assessing the efficacy and safety of arginase inhibitors in combination with
other therapies will be essential. These trials should involve diverse patient populations to evaluate the impact
of these treatments across different genetic backgrounds and cancer types.Adaptive Trial Designs: Adaptive
trial designs that allow real-time adjustments to treatment regimens based on interim data could facilitate quicker
identification of promising treatment combinations and biomarkers, speeding up the path to approval.The future
of arginase inhibitors in cancer therapy is promising, with advances in selectivity, pharmacokinetics,
combination therapies, and personalized approaches paving the way for their clinical success. Overcoming
current challenges, such as improving drug delivery, enhancing specificity, and developing reliable biomarkers,
will be key to fully realizing the potential of arginase inhibitors as a therapeutic class. The integration of arginase
inhibitors with other cancer therapies, such as immunotherapy and targeted treatments, holds the potential to
offer patients more effective and durable responses.
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Figure:3 Proposed Drug Delivery Systems: Schematic of nanoparticles and liposome-based
delivery platforms.

Conclusion

Arginase inhibitors represent a novel and promising approach to cancer therapy, particularly in modulating the
tumor microenvironment (TME) and enhancing immune responses. The ability of these inhibitors to deplete
arginine—a critical amino acid for tumor cell growth and immune suppression—has opened new avenues for
cancer treatment, especially in immune-based therapies. Through the inhibition of arginase, it is possible to
restore T-cell function, reduce immune suppression by myeloid-derived suppressor cells (MDSCs) and tumor-
associated macrophages (T AMs), and potentially improve the efficacy of immunotherapy and other conventional
treatments.

However, despite the promise, several significant challenges remain in translating arginase inhibitors into clinical
practice. Issues related to selectivity between the two arginase isoforms, pharmacokinetic properties such as
bioavailability and tissue penetration, and the potential for off-target effects need to be addressed. Additionally,
understanding the complex and heterogeneous nature of the TME is crucial to optimize the therapeutic potential
of these inhibitors.Future research is likely to focus on improving the specificity and selectivity of arginase
inhibitors, enhancing their pharmacokinetic properties through advanced drug delivery systems, and exploring
combination therapies that target multiple pathways simultaneously. Personalized medicine, including the use of
biomarkers to select appropriate patients, will play a critical role in maximizing the therapeutic benefit of
arginase inhibitors while minimizing toxicity. Furthermore, the integration of arginase inhibition with other
cancer therapies, such as immune checkpoint inhibitors, chemotherapy, and radiation, holds promise for
overcoming resistance and enhancing overall treatment outcomes.In summary, while significant obstacles
remain, the development of arginase inhibitors continues to be a promising area of research. By addressing
current challenges and leveraging new technologies and combination strategies, these inhibitors have the
potential to revolutionize cancer treatment and improve patient outcomes.
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