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ABSTRACT

Significant progress has been made in the area of targeted treatments for the treatment of cancer in recent years. The goal of these treatments is to minimize harm
to healthy tissues while precisely targeting cancer cells. An overview of the most recent advancements in this field is given in this study, with particular attention
to newly licensed medications, immune-mediated strategies, and unique molecular targets. We also go over current clinical trials that assess the efficacy and safety
of these treatments. Comprehending and optimizing the potential of targeted medicines is essential for enhancing patient outcomes as the landscape of cancer
treatment keeps changing.
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Introduction

Targeted drug therapy, also known as precision medicine or targeted therapy, is a form of medical treatment that focuses on specific molecular targets
involved in the growth and progression of diseases. Unlike traditional treatments that may affect both healthy and diseased cells, targeted therapy aims
to selectively interfere with the underlying mechanisms of the disease while minimizing damage to normal cells.

1. Monoclonal antibodies (mAbs): These engineered antibodies bind to cancer cells specifically, blocking their growth signals or inciting the body to
fight the cells. Comparing them to traditional chemotherapies, recent trials have shown them to be superior in terms of both drug tolerability and clinical
outcomes. [1]

2. Chimeric Antigen Receptor T-cell (CAR-T) Therapy: In CAR-T therapy, the patient's own T cells are altered to express CAR-T receptors, which
are able to identify cancer cells. It has demonstrated outstanding efficacy in the treatment of leukemia and lymphoma, two blood cancers. [1]

3. Vaccines against cancer: These shots elicit the immune system to identify and combat cancerous cells. Lipid nanoparticle-based mRNA cancer
vaccines are one recent development that shows promise for tailored cancer therapy. [1]

4. Emerging Technologies: Finding new targets for cancer treatments is greatly aided by machine learning and artificial intelligence (Al). They predict
medication responses, optimize personalized therapies, and analyze enormous amounts of genomic data.

Innovative technologies combined with these targeted therapies can have a major impact on cancer treatment and improve outcomes for a large number

of patients. [1]

Vascular Endothelial Growth Factor Receptor (VEGFR) and Epidermal Growth Factor Receptor (EGFR) are two molecular targets in
targeted drug therapy.

* Overexpression of these membrane-bound receptor tyrosine kinase proteins is common in a variety of cancers.
* They are desirable targets for therapeutic and imaging applications related to the identification and management of cancer.
* Tyrosine kinase inhibitors (TKIs), peptides, antibodies, and nanobodies are examples of inhibition modalities.

* The understanding and treatment of cancer depend heavily on molecular imaging techniques such as PET, SPECT, CT, MRI, and near-IR fluorescence
imaging using tetrapyrrolic-based fluorophores.[1]
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1. The role of innate immunity and the EGFR receptor: Ligands that attach to the extracellular domain of EGFR include epidermal growth factor
(EGF).When this binding occurs, EGFR homodimers or heterodimers with other receptors are formed.The intracellular kinase domain and the C-terminal
tail are where the kinase activity is activated and important tyrosine residues are transphosphorylated.

2. Pathways of Signal Transduction:

Different target molecules are phosphorylated and activated by the extracellular signal-regulated kinases, or ERKs.These targets include cytoplasmic
elements and transcription factors such as c-Myc

The mitogen-activated protein kinase (MAPK) cascade is a three-tiered kinase signaling pathway that is formed by Raf, MEK, and the ERKs working
together.

3. The pathway of the fibroblast growth factor receptor (FGFR):
Phospholipase C-gamma (PLCy) binding to phosphotyrosine initiates the PKC pathway.

As a result, phosphatidylinositol 4,5-bisphosphate (PIP2) is hydrolyzed to produce phosphatidylinositol (3,4,5)-trisphosphate (PIP3) and diacylglycerol
(DAG).

The PKC and MAPK pathways are then triggered. [2]

4.Growth Factor Signaling: Cell growth, proliferation, and differentiation are all regulated by growth factor signaling.[3]

Drug classes in targated drug therapy

Targeted drug therapy refers to a group of drug classes that are specifically created to disrupt particular molecular targets that are implicated in various
diseases. Typical drug classes used in targeted drug therapy include the following:

Tyrosine Kinase Inhibitors (TKISs):
Mechanism: Tyrosine kinases are enzymes involved in cell signaling, and these drugs block their activity. Tyrosine kinases are essential for cell
proliferation, and cancer frequently exhibits dysregulation of these enzymes.

Examples: Erlotinib and gefitinib target the epidermal growth factor receptor (EGFR) in certain types of cancer, whereas imatinib (Gleevec) targets
BCR-ABL in chronic myeloid leukemia. [5]

Monoclonal Antibodies:

Mechanism: Certain proteins on the surface of cells are the target of monoclonal antibodies. They may cause immunological reactions against the targeted
cells or obstruct signaling pathways.

Examples: include bevacizumab's inhibition of angiogenesis through targeting vascular endothelial growth factor (VEGF), trastuzumab (Herceptin)
targeting HER2 in breast cancer, and rituximab targeting CD20 in B-celllymphomas. [6]

Immune Checkpoint Inhibitors:

Mechanism: By blocking immune system inhibitory pathways, these medications enable T cells to identify and assault cancer cells. They go after immune
checkpoints like CTLA-4, PD-1, and PD-L1.

Immune checkpoint inhibitors include pembrolizumab, nivolumab (anti-PD-1 antibodies), and ipilimumab (anti-CTLA-4antibody). [7]

Protein Kinase Inhibitors:

Mechanism: Protein kinase inhibitors (PKIs) target kinases involved in cellular signaling, just like TKIs do. They have the ability to obstruct different
signaling pathways.

Examples: Sunitinib and sorafenib, which are used to treat renal cell carcinoma, target multiple kinases in the pathways leading to angiogenesis and cell
proliferation. [8]

Hormone Receptor Modulators:

Mechanism: These medications block the effects of hormones that encourage tumor growth by interacting with hormone receptors, especially in cancers
that are sensitive to hormones like breast and prostate cancer.

Examples: Tamoxifen and aromatase inhibitors, such as letrozole and anastrozole, are used to modify estrogen receptors in breast cancer patients. [10]

PARP Inhibitors:
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Mechanism: Particularly in cancer cells with faulty DNA repair pathways, poly(ADP-ribose) polymerase (PARP) inhibitors interfere with DNA repair
mechanisms, accumulating damage to DNA and ultimately causing cell death.

Examples: Certain breast and ovarian cancers are treated with niraparib, rucaparib, and olaparib. [9]
mMTOR Inhibitors:

Mechanism: The mechanism of action of mTOR inhibitors is to disrupt the mTOR signaling pathway, which is involved in the regulation of cell growth,
survival, and metabolism.

Examples: Renal cell carcinoma and some forms of breast cancer are among the cancers that are treated with everolimus. [11]
JAK Inhibitors:

Mechanism: The JAK-STAT signaling pathway, which is involved in inflammation and the immune response, is disrupted by janus kinase (JAK)
inhibitors.

Examples: Polycythemia Vera and myelofibrosis are two conditions for which rufolitinib is prescribed. [12]

Antisense:

* Antisense oligonucleotides (ASOs) are used in antisense therapy to target messenger RNA (mRNA).
* ASOs can change the expression of mRNA by a number of mechanisms:

Decay mediated by ribonuclease H: ASOs attach to mMRNA and cause its degradation.

Direct steric blockage: mMRNA translation is physically hindered by ASOs.

Modulation of exon content: ASOs affect pre-mRNA splicing site binding

Oncogenes—genes linked to cancer—may have their gene expression inhibited by antisense therapy.

It may aid in slowing the growth of tumors and repairing aberrant gene expression in cancer cells by lowering oncogene expression. [13]
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Fig.no 1: Targated therapies for cancer Treatment

Recent ongoing clinical trials investigating the effectiveness and safety of targated therapies:

Breast Cancer: The heterogeneity of breast cancer presents challenges for therapeutic management, making it a major global health concern.
Molecular biology and immunology developments have produced highly targeted treatments for different types of breast cancer.

The goal of targeted therapies is to block particular molecules that promote the growth of tumors.

A number of targeted medications are presently undergoing clinical trials; some have already been approved by the FDA for use as monotherapy or in
combination with other medications to treat various subtypes of breast cancer.



International Journal of Research Publication and Reviews, Vol 5, no 3, pp 635-641 March 2024 638

Targeted therapies continue to face difficulties in treating triple-negative breast cancer (TNBC).
For TNBC patients, immune therapy—which includes vaccination, adoptive cell transfer, and immune-checkpoint blockade—shows promise.

For the treatment of TNBC, the FDA has approved certain immune-checkpoint blockers when combined with chemotherapeutic medications, and ongoing
trials are still investigating. [14],[15],[16]

Targeted Radionuclide Therapy (TRT):

* TRT clinical trials are currently being researched. Although I'm not familiar with the specifics of the latest trials, this is a promising area for cancer
treatment. [17]

Non-Small-Cell Lung Cancer (NSCLC):
NSCLC has given researchers a blueprint for creating cutting-edge treatment approaches.
Current clinical research in NSCLC centers on targeted therapies. [18]
Lung Cancer, Colorectal Cancer, and Prostate Cancer:
e  Targeted treatments for these cancers are developing.

Novel approaches are investigated in clinical trials, such as umbrella-basket trials assessing targeted therapies for common cancers with uncommon but
actionable genomic alterations.[19]

Mechanism of resistance to tarhgated therapies and ongoing efforts to overcome resistance:

Chronic Lymphocytic Leukemia (CLL):

* The most prevalent type of leukemia in Western nations is CLL. It mainly affects the elderly and depends on B-cell receptor (BCR) signaling and signals
from the tumor microenvironment for cell survival.

Targeted Therapies: The treatment of CLL has been greatly enhanced by drugs that target the B-cell lymphoma-2 protein, phosphatidylinositol 3-kinase,
and Bruton's tyrosine kinase (BTK). [20]

* Resistance Mechanisms:

Secondary Mutations: These take place inside the medication target.

Activation of Bypass Pathways: The drug's effects are avoided by activating alternative pathways.
« Strategies to Overcome Resistance:

Combination therapies: employing a number of medications to target bypass mechanisms.
Temporal Sequencing: Giving treatments in a predetermined order.

Better Clinical Trial Designs: Developing more effective trial techniques.

Real-Time Monitoring: Evaluating how well patients are responding to therapy.

Next-Generation Inhibitors: Creating medications that go beyond current ones.

Immunotherapy: Investigating T-cell therapy modified by chimeric antigen receptors. [20]

Breast Cancer:

Mechanisms of Drug Resistance:

Enhanced Drug Efflux: Better drug extrication from cancerous cells.

Enhanced DNA Repair: Drug-induced DNA damage is more effectively repaired by cells.
Senescence Escape: Steer clear of drug-induced cellular senescence.

Epigenetic Alterations: Modifications to the patterns of gene expression.

Tumor Heterogeneity: Differences in how cancer cells react to drugs.

The interactions between the surrounding tissues and the tumor microenvironment (TME).

Cellular transformation: epithelial-to-mesenchymal transition (EMT).
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Challenges: Overcoming resistance is difficult due to these various mechanisms. [21]
Personalized medicine:

Precision medicine, another name for personalized medicine, is a revolutionary concept in the medical field. It seeks to maximize treatment plans
according to the unique qualities of every patient. Now let's explore the intriguing field of customized medicine:

1. Getting to Know Customized Medicine: o What Is 1t? The field of personalized medicine acknowledges that every patient is unique. Their genetic
composition, molecular profiles, lifestyle choices, and environmental influences can all have a substantial impact on how they react to illnesses and
treatments.

2. Customizing Treatment: Personalized medicine maximizes patient care, improves treatment outcomes, and reduces side effects by utilizing
breakthroughs in genomics, molecular diagnostics, and other cutting-edge technology.

3. Biomarkers: Biomarkers are important in the era of personalized medicine. These quantifiable markers offer insightful information about the diagnosis,
prognosis, response to treatment.

4. Progress Motivating Personalized Healthcare:

Genomic sequencing: Knowing a person's genetic composition enables the customization of therapies  according to particular genetic variants.
Bioinformatics: Patterns and correlations can be found by analyzing vast amounts of biological data.

5. Machine Learning Algorithms: These algorithms help to maximize therapeutic approaches and predict treatment responses. [22]
Application in Cancer Care:

Precision in Oncology: The treatment of cancer benefits greatly from personalized medicine. It takes patient-specific variables, genetic changes, and
tumor-specific mutations into account. [23]

Individualized Therapies: Personalized medicine customizes treatments for each patient as opposed to using a one-size-fits-all strategy. [24]

Better Outcomes: Personalized medicine transforms healthcare by fusing genetic insights with clinical practice. [25]

Emerging trends potential combination therapies and future of landscape of targated drug treatment:

1.  Clinical Combination Therapies:

Quantitative Mapping: Oncologists have been working hard to investigate clinical combination therapies. A recent study examined 3334 trials pertaining
to 72 novel oncology medications that the FDA approved between 2017 and 2021. The goal of these trials is to reduce resistance and maximize treatment
efficacy by examining different combinations. [26]

2. Patterns of Combination:

Rational Design: Combinations based on mechanisms or structures, like focusing on distinct protein domains (like HER2) or co-targeting in series (like
RAF plus MEK inhibitors).

Redundant combinations in hot targets, such as PD-1/PD-L1, PI3K, CDK4/6, and PARP, are examples of empirical strategies. [27]
3. Antibody-Drug Conjugates (ADCs):
Innovations: Researchers are overcoming obstacles related to the creation of ADCs.

Strategies: Research is being done on combination therapy, unique antibody formats, and site-specific conjugation techniques. [28]

Targeted Therapies in Specific Cancers:

Lung Cancer, Colorectal Cancer, and Prostate Cancer:

Current clinical trials provide insight into the potential future paths of targeted treatment for these cancers.
Personalized treatment requires thorough summaries of the state of targeted therapies today. [29]
Emerging Therapies for Breast Cancer:

HER2-Targeted Therapy: Still essential, but immunotherapy and targeted strategies against important checkpoints and pathways are newer forms of
treatment. [30]

Combination Therapy: Examining the effects of combining several focused therapies. [31]
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