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Abstract

This review provides an overview of anticancer drug therapies, including their classifications,
mechanism of action, and the evolution of treatment modalities. The review emphasizes the transition
from traditional chemotherapeutic agents to targeted therapies with traditional chemotherapeutic
agents, targeted therapies, immunotherapies, monoclonal antibodies, tyrosine kinase inhibitors,
hormone therapies, and novel methods like CAR-T cell therapy and nanotechnology delivery systems.
Anticancer drugs act through induce DNA damage, the role modulation of the cell cycle, inhibition of
tumor.angiogenesis Despite of advancements in nextgeneration sequencing, To overcome these
challenges, diverse strategies, including drug resistance and appropriate dosage, dosing and targeting to
gain  the  benefit with minimal harm to the person  through  treatment.
Anticancer drug delivery systems (DDS) and identifies new developments in strategies of molecular
targeting and advances in drug delivery system. Advancements in
personalized drug development, focusing on genomic profiling of tumors play role important to give
better treatment and overcome of difficulties in cancer therapy. The reviews existing evidence on
current innovative efforts and make modern treatment options more equally accessible to
improve patient outcomes lives.
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1. Introduction

Cancer is one of the most prevalent diseases worldwide, representing a major challenge and
having profound effects on societies. Despite technological developments and therapeutic
advances, it still has a significant impact on societies and the healthcare system. In addition,
there is a significant difference in the extent to which people respond to anti-cancer drug
treatments. Therefore, there are many organizations that play an important role in supporting
projects that include improving the quality of treatments used in cancer treatment. It poses an
ever-increasing threat to developing nations and claims 5.5 million lives each year, with the
estimate set to rise to 8.9 million by 2030 (Kawahara et al., 2010; Cancer, 2023) [¢ 22 4] The
burden of the disease is most evident among the middle- and lower-income nations whose
health systems are weakened by poor access to prevention, diagnosis, and treatment services
("Cancer", 2023). This overview will discuss the epidemiology, public health impact and
current efforts to address cancer as one global health problem ("Cancer", 2023)(22, 451,

The second leading cause of death worldwide is cancer, and its incidence is increasing with
aging populations and through lifestyle factors like tobacco smoking and poor diets. The
burden of cancer falls disproportionately on the lower-and middle-income countries and
identifies access and outcome disparities in healthcare (Jackman et al., 2024) 1],

The consequences of cancer reach beyond personal health, extending to communities and
families and placing pressure on healthcare systems. Comprehensive public health measures
through prevention, early diagnosis, and care as part of universal


https://www.pharmaceuticaljournal.in/
https://doi.org/10.33545/26647591.2025.v7.i1a.115

International Journal of Pharmaceutical and Clinical Research

health coverage is necessary for effective cancer control
("Cancer", 2023) 22 431, There are various initiatives across
the globe working towards standardization of cancer care
and increased availability of cancer treatment, especially in
underprivileged areas. Cooperation among healthcare
workers and communities is necessary in promoting cancer
knowledge and care ("Cancer", 2023) 22 431, Even in light of
increased cancer care and knowledge, there is still a lot to be
done, mainly in regards to accessible care in various parts of
the globe.

There are many strategies used in the treatment of cancer,
including drug therapy, which is considered the most
important treatment in the management and treatment of
cancer cases, ranging from pain relief to treatments partially
directed against cancer cells or tumor cells. Drug therapy is
considered one of the basic medications in the treatment of
cancer cases, especially in advanced cancer cases (Pont et
al,, 2021). B% 6l Using advances in genome and
transcriptome studies, treatments can be tailored for each
patient, maximizing therapeutic benefit. Direct visualization
of drug activity in real-time is enabled through molecular
imaging devices, e.g., PET and MRI, making drug delivery
and uptake better. Even novel delivery mechanisms, e.g.,
liposomes and antibody-drug conjugates, are in development
to ensure greater impact, making pharmacologic therapy an
integral part of cancer therapy today (Asif, 2023). 1.

While surgery and radiation are first-line treatments,
pharmacotherapy, especially chemotherapy, has been a
primary approach. Advances in understanding cancer
pathophysiology have led to the development of new
options, including immune- and biological therapies. These
therapies are now commonly used in combination with
chemotherapy or as monotherapy, enhancing treatment
efficacy and improving patient outcomes in managing the
five most common cancers: lung, breast, prostate, colon, and
skin (Gundy & Nguyen, 2017;Pont et al., 2021). [15],

The purpose of this review is to critically assess the
newfound developments and current issues in anticancer
drug therapy. As one of the predominant causes of death
globally, the discovery of efficient and well-targeted therapy
is necessary in enhancing the outcome in patients with
cancer. The review aims to discuss the developments in
anticancer drugs, ranging from traditional chemotherapeutic
agents to targeted drugs, immunotherapies, and novel
treatment methods like gene therapy and nanotechnology-
mediated drug delivery systems.

2. Classification of anticancer drugs

There are several classifications of anticancer drugs that
reflect their effects. One such classification is a two-tiered
classification system, which proposes drugs based on their
site of action—the tumor vasculature, the endocrine system,
tumor cells, the molecular target, or the immune system.
Other classifications predict a drug's effect based on its lipid
binding affinity and molecular characterization (Gackowski
et al., 2021) n31.. Plants, which contain most anticancer
drugs, can be divided into four main categories: ribosome
inhibitors, DNA-damaging drugs, histone deacetylase
inhibitors, and mitosis inhibitors (Amin et al., 2009) 1.
Anticancer drugs may be classified by the site and
mechanism of action, by chemical sources, and by
pharmacological  properties. The  multidimensional
classification is helpful in analyzing the therapeutic role
and application of anticancer drugs in the treatment of
cancer. Here are the major points regarding anticancer drug
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classification.

2.1 Site and Mechanism of Action

Anticancer drugs may exert action on distinct sites like the
tumor cells, tumor vasculature, the immune system, or the
endocrine system. The action mechanism usually takes place
through targeting particular molecular pathways or
structures on these sites (Ostios-Garcia et al., 2024) B35 581,
For instance, alkylating agents cross-link DNA strands to
prevent DNA replication and RNA transcription and

antimetabolites interfere with DNA or RNA formation by
mimicking vital cellular molecules (Ogawa, 1997).

2.2 Chemical Origins

Anticancer drugs are further categorized by their source to
include synthetic chemicals, natural products or natural
compound derivatives. Plant compounds are an important
source of anticancer agents owing to their relatively
nontoxic nature and abundance (Amin et al., 2009) Some
examples are plant alkaloids that interfere with the
formation of microtubules and camptothecins which are able
to block topoisomerase I and are both derived from nature
(Ogawa, 1997) B4 571,

2.3 Pharmacological Properties

The pharmacological classification includes the study of the
anticancer drugs' lipophilicity and molecular descriptors that
control drug activity and therapeutic action. Methods such
as chromatography and chemometric evaluation are
employed to make predictions concerning drug activity and
to categorize them on this basis (Gackowski et al., 2021) [13],
Although the categorization of anticancer drugs offers an
organized system to comprehend their application, it should
be realized that the discovery and creation of drugs with
novel action pathways continue to challenge the traditional
classifications. Their emerging nature calls for an evolving
and adaptive system of categorization able to include
developing therapies and their individual features (Chen et
al., 2024) P,

2.4 Molecular targeting

The molecular targeting classification separates anticancer
drugs into two categories: conventional chemotherapy and
targeted therapy. Traditional chemotherapy uses cytotoxic
agents that act on all dividing cells regardless of the type
and produce major side effects. Targeted therapy acts on
particular molecular targets related to the processes of
cancer development and aims to be more specific with fewer

harmful effects. The

differences.

subsequent sections define these

2.4.1 Conventional Chemotherapy

Mechanism of Action: Inhibits all proliferating cells, even
healthy ones, and thus causes systemic toxicity. Examples of
drugs: Alkylating agents, antimetabolites, and inhibitors of
topoisomerase are general classes (Ostios-Garcia et al., 2024)
135 381 Side Effects: Usually linked with nausea, alopecia, and
immunosuppression through damage to healthy cells (Keefe
& Stringer, 2010) (23 461,

2.4.2 Targeted Therapy

Mechanism of Action: Targets specific molecular pathways
or receptors used in the growth of cancer cells like EGFR and
VEGFR. Drug Examples: Monoclonal antibodies and small-
molecule tyrosine kinase inhibitors (Bicknell, 2005).
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Advantages: Greater therapeutic window and fewer side
effects since they spare normal cells (Keefe & Stringer,
2010) 3 41 Despite the major breakthrough in the
treatment of cancer presented by targeted therapies, issues
like drug resistance and the need to precisely select the
patient are still major concerns that could affect the efficacy
and use of these drugs in clinical practice (Min & Lee,
2022) 34 311,

2.4.3 Cell cycle specificity
Anticancer drugs take advantage of the cell cycle's regulatory

processes to selectively target anticancer drug action against
cancer cells that frequently possess dysregulated
proliferation. Knowing the particular phases of the cell cycle
allows drugs to be designed to yield maximum efficacy with
least damage to ordinary cells. The succeeding sections
explain how anticancer drugs are specific in action. Cell
Cycle Regulation Mechanisms. The cell cycle is regulated
by cell cycle kinases (CDKs) and cyclins that govern
transitioning through the phases (G1, S, G2, M)(Bai et al.,
2017).

Cancer cells frequently bypass these regulatory points to
cause uncontrolled growth and are thus ideal candidates for
cell cycle-specific drugs (Patra et al., 2023) 136 1 Cell
Cycle Phase-specific drug action, Some drugs like
Adriamycin (ADR), and Etoposide (VP16), cause apoptotic
action mainly in the S phase, whereas others like Prednisone
(PRD), act in the G1 phase. Inhibitory screening with high
throughput has allowed drugs with selective sensitivities to
Gl or S/G2 phases to be identified so that treatment
regimens can be designed to produce enhanced therapy
(Johnson et al., 2021) 2%,

2.4.4 Induction of apoptosis,
angiogenesis inhibition
Anticancer drugs utilize several mechanisms to act on
cancer cells mainly by inducing apoptosis, causing damage
to DNA, and inhibiting angiogenesis. These actions are
important to chemotherapy effectiveness since they cause
malignant cell death and block the growth of tumors. The
subsequent sections explain these operations in detail.

DNA damage and

2.4.4.1 Apoptosis Induction

Anticancer drugs frequently induce apoptosis, programmed
cell death, through the following pathways: 1. Caspase
Activation: Cisplatin drugs trigger caspase activation
leading to apoptosis in even enucleated cells, suggesting a
cytoplasmic mechanism (Havelka et al., 2007) [,
2. Reactive Oxygen Species:There are many medications,
including Doxorubicin, that play an important role in the
production of ROS, which may lead to DNA damage and
stimulate programmed cell death. 3. Signaling Pathways:
There are many signaling pathways, including c-Jun/AP-1,
that can play an important role in causing the death of
drug-resistant cells through apoptosis events. This will
guide us in dealing with the multiple aspects of signaling
that cause programmed cell death (Kim et al., 2024). 4 471,

2.4.4.2 DNA Damage

One of the ways in which anti-cancer drugs work is by
directly damaging DNA. Examples of these drugs include
doxorubicin and cisplatin that play an important role in the
process of nuclear damage, which can lead to the
occurrence of programmed cell death. There are factors
that have a greater or more concentrated role in stimulating
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the process of programmed cell death (Mizutani,
2008)(Havelka et al., 2007). [16],

2.4.4.3 Angiogenesis Inhibition

One of the drug strategies in cancer treatment is
angiogenesis inhibition (stabilize the formation of blood
vessels), which leads to starving cancer cells and reducing
their supply of food and oxygen to support the process of
growth and spread of cancer cells. Conversely, some
evidence indicates acute apoptosis is not necessarily the sole
aim of anticancer treatments since some responses are

independent of DNA damage and thus there is a requirement
to study more the non-target effects (Havelka et al.,
2007;Berndtsson, 2007)

[16],

2.4.4.4. Modern Therapies and Targeted Approaches of
Anticancer Drugs

The paradigm in oncology has shifted in the two decades
past from cytotoxic chemotherapy to mechanism-oriented
and targeting therapies. The newer approaches are aimed to
enhance therapeutic effectiveness with decreased systemic
toxicity. The major developments include monoclonal
antibodies, tyrosine kinase inhibitors, checkpoint inhibitors,
CAR-T cell therapy, and hormone-directed treatments.

2.5 Monoclonal Antibodies

Monoclonal antibodies are tailor-made proteins that seek out
specific antigens located on cancer cells. They work through
several distinct processes: receptor blocking, antibody-
dependent cellular cytotoxicity (ADCC), and activation of
the complement system.

a. Trastuzumab

Target: HER2 receptor:

Breast and stomach cancers: HER2-positive

Mechanism: Inhibits signaling through HER2 and triggers
ADCC. Survival in HER2-positive breast cancer has been
greatly enhanced by trastuzumab, particularly when given
with chemotherapy (Gianni et al., 2022) U4,

b. Rituximab

Target: CD20 antigen

Cancer: Non-Hodgkin lymphomas and chronic lymphocytic
leukemia

Mechanism: It induces apoptosis and brings about immune
effector cell recruitment. Rituximab is still an anchor
therapy in hematologic malignancies, presently being

enhanced through biosimilar formulations and ADC versions
(Cramer et al., 2021) 191,

2.6 Tyrosine Kinase Inhibitors (TKIs)

TKIs are small-molecule drugs that inhibit intracellular
phosphorylation cascades responsible for tumor growth and
survival.

a. Imatinib

Target: BCR-ABL fusion protein

Cancer: Chronic myeloid leukemia (C

Mechanism: Inhibition of the ABL kinase domain selectively.
Imatinib converted CML from an invariably fatal condition
to an acceptable one to manage, pioneering the age of
precision oncology (Hochhaus et al., 2020) 81,

b. Erlotinib
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Target: EGFR (Epidermal Growth Factor Receptor

Cancer: Non-small cell lung cancer (NSCLC

Mechanism: Inhibits EGFR tyrosine kinase activity,
particularly in tumors with EGFR activating mutations.
EGFR-directed TKIs such as erlotinib are now front-line
therapy in EGFR-mutation NSCLC, although resistance
mutations (e.g., T790M) are prevalent (Zhang et al., 2021)
[3]

2.7 Immunotherapy

Immune checkpoint inhibitors re-establish the immune
system's function to identify and destroy cancer cells. They
are revolutionizing the therapy of the following solid tumors
and hematologic malignancies:

a. PD-1/PD-L1 Inhibitors

Examples: Pembrolizumab, Nivolumab, Atezolizumab.
Mechanism: Block PD-1 receptor or its ligand PD-L1,
restoring exhausted T cells. Checkpoint inhibitors
demonstrated lasting responses in melanoma, NSCLC, and
urothelial carcinoma (Ribas & Wolchok, 2018) 3% 21,

b. CTLA-4 Inhibitors

Example: Ipilimumab.

Mechanism: Activates T-cells by inhibiting the CTLA-4
inhibitory signal.

The use of CTLA-4 and PD-1 blockade together has worked
better for advanced melanoma compared to using each
alone, albeit with greater toxicity (Weber ef al., 2021) [ 671,

2.8 CAR-T Cell Therapy

Chimeric  Antigen Receptor T-cell therapy entails
engineering a patient's own T cells to receive genetic
instructions to produce receptors that identify tumor
antigens.

Examples: Tisagenlecleucel, Axicabtagene ciloleucel.

Uses: B-cell acute lymphoblastic leukemia, large B-cell
lymphoma.

Mechanism: Redirects the T cells to identify and kill cancer
cells. CAR-T therapy has demonstrated potential to cure
refractory hematologic cancers but poses problems with
manufacturing, expense, and application to solid tumors
(June & Sadelain, 2018) 21,

2.9 Hormone Therapy
Hormone therapy is vital to the treatment of breast and
prostate cancers that are hormone receptor-positive by

inhibiting hormone production or binding to receptors.

a. Tamoxifen

Selective  Estrogen Receptor Modulator

(SERM) ER-positive breast cancer indication.

Mechanism: Antagonizes estrogen receptor in breast tissue.
Tamoxifen has been an mainstay of treatment for decades
and is particularly useful in premenopausal women (Early
Breast Cancer Trialists' Collaborative Group [EBCTCG],
2019).

b. Aromatase Inhibitors
Examples include Anastrozole

Mechanism: Inhibit aromatase, reducing estrogen
production in postmenopausal women. Aromatase
inhibitors are superior to tamoxifen in preventing

recurrence in postmenopausal breast cancer (Burstein et
al., 2019) B,
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3. Drug Resistance in Cancer Therapy

Drug resistance is one of the biggest hurdles to successful
treatment against cancer. Although therapies are initially
effective, tumors frequently recur or progress through
mechanisms that enable them to escape drug action. Intrinsic
(existing prior to treatment) and acquired (emerging during
treatment) resistance can be broadly defined and are
controlled by an intricate system based on genetic,
epigenetic, and environmental conditions.

3.1 Intrinsic vs. Acquired Resistance

Intrinsic resistance is the innate inability of a cancer to be
treated with some therapy because of intrinsic molecular
characteristics like lack of target expression or alternative
signaling pathways. Acquired resistance occurs with therapy
and with the passage of time through adaptation by tumor
cells via mutation, selection, or cellular plasticity. For
instance, triple negative breast cancers are usually
intrinsically resistant to hormone therapy because there is no
ER/PR receptor available, whereas NSCLC receiving EGFR
inhibitors usually becomes resistant through secondary
alterations like T790M (Chatterjee et al., 2021) 131,

3.2 Molecular Mechanisms of Resistance

a. Efflux Pumps

One of the major ways through which chemotherapeutic
agents are evaded by cancer cells is by the mechanism of
ATP-binding cassette (ABC) transporter overexpression,
specifically by P-glycoprotein (ABCB1) and MRPI
(ABCC1). The efflux pumps decrease intracellular drug
levels by particularly targeting drugs such as doxorubicin,
paclitaxel, and vincristine. Efflux pump inhibition is still a
therapeutic  target, with clinical translation being
problematic owing to toxicity and pump family redundancy.

b. The target gene mutations

Drugs become less effective when drug target mutations
reduce binding efficacy. EGFR T790M, BCR-ABL T315I,
and KRAS mutations are paradigmatic instances of
resistance-conferring  alterations. Immune checkpoint
inhibitors may also develop resistance by way of JAK1/2
mutation-induced  compromised interferon  signaling.
Developing genome-editing approaches and sequencing
methods identify these alterations in real-time so that drug
adjustments are made with precision (McCoach et al., 2020)
[29]

C: Improved DNA Repair Systems

The resistance to DNA-damaging agents such as platinum
drugs or PARP inhibitors may develop through reactivation
or compensation of DNA repair pathways. BRCA-mutant
tumors that are initially PARP inhibitor-sensitive may
develop resistance through secondary BRCA reversion
mutation or enhancement in homologous recombination
repair (HRR). This has led to the emergence of combination
therapies that target PARP and other DNA repair proteins
(Liu et al., 2022) [27],

3.3 Role of the Tumor Microenvironment (TME)

The TME, made up of stromal cells, inflammatory cells,
extracellular matrix and cytokines, serves an important
function in facilitating tumour survival and resistance.

For instance, hypoxia has been shown to cause HIF-1a and
induce drug resistance and radioresistance and promote
angiogenesis. CAFs create factors leading to drug resistance
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by paracrine signaling and extracellular matrix remodeling.
Immunosuppressive cells (Tregs, MDSCs) within the TME
suppress the efficacy of immuno-oncology therapies.
Interventions  against the TME, i.e., vasculature
normalization or modulation of immune infiltration, are
being intensively investigated in clinical trials (Hinshaw &
Shevde, 2019) [71,

3.4. Side Effects and Toxicity of Anticancer Drugs:
Clinical Implications and Quality of Life

Although  highly effective, anticancer drugs are
frequently accompanied by important adverse effects and
toxicities that may directly affect short-term function, long-
term health, and overall quality of life (QoL). Also, the type
of treatment used, such as targeted drugs, immunotherapy, or
traditional chemotherapy, and the adverse effects of these
drugs can be avoided through factors related to the patient,
such as concomitant diseases, the patient’s condition, etc.

3.4 Typical Side Effects

a. Nausea and Vomiting: There are many chemotherapy
treatments, like doxorubicin, cisplatin, and
cyclophosphamide which have nausea and vomiting as
side effects. The emetogenic risk depends on the drugs,
ranging from high to low risk. Contemporary antiemetic
regimens (NKI1 antagonists, 5-HT3 antagonists, and
corticosteroids) have decreased CINV incidence by
quite an extent (Navari & Aapro, 2016) 331,

Alopecia (Hair Loss): Alopecia is prevalent with
cytotoxic drugs such as taxanes and anthracyclines.
Though it is reversible, it may be psychologically
disturbing. Scalp cooling devices are found to reduce
chemotherapy-related alopecia (Rugo et al., 2017) 19,
Bone Marrow Suppression: Myelosuppression is the
dose-limiting toxicity of many cytotoxic agents,
particularly the platinum compounds and the alkylating
agents. It can lead to: Neutropenia-risk of increased
infections, Anemia-decreased oxygen-carrying capacity
and fatigue and Thrombocytopenia-risk of bleeding.
Growth factor wuse (e.g., G-CSF), and dosing
adjustments are routine measures to control
myelosuppression (Smith et al., 2015) 1421,

3.5 Long-term Toxicities

a. cardiotoxicity: Anthracyclines (such as doxorubicin)
and drugs targeting HER2 (such as trastuzumab)
are cardiotoxic and the cardiotoxicity can vary
either from asymptomatic decrease in the ejection
fraction to overt heart failure with irreversible
damage to the heart muscle. Survival cohorts
demonstrate that 20% or more of anthracycline-
treated individuals develop some cardiac
dysfunction within 5 years.

Neurotoxicity: It may manifest itself in the form of:
Peripheral neuropathy (such as taxanes and platinum
agents), Cognitive impairment ("chemo brain"), and
CNS toxicity (with high-dose methotrexate or
intrathecal therapy). Neurotoxicity can be long-lasting
and extend to months or years and is particularly
disabling in the elderly and seriously impairs daily
function (Lavoie Smith et al., 2019) [%],

4. Strategies to Overcome Limitations in Cancer
Therapy
There are many obstacles facing cancer treatment despite
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this great scientific and technological progress in confronting
or treating cancer. Among these obstacles are the diversity of
tumors, their high toxicity, and cell resistance. There are many
methods used to improve the results of anti-cancer treatment
and molecular targeting.

4.1 Combination Therapy

One of the strategies for treating cancer is combination
therapy, which combines preventing the increase in cell
resistance and increasing the effectiveness of treatment,
combination of cytotoxic agents (such as FOLFOX in colon
cancer) with chemotherapy ( trastuzumab in breast cancer).
In contemporary oncology, combinations of chemotherapy
with immunotherapy or TKIs are commonly used (such as
pembrolizumab and platinum chemotherapy in NSCLC).
Combination regimens take advantage of synergy and are
able to act against heterogeneity in tumors, albeit with the
need to manage toxicities carefully (Vasan et al., 2019) [43],

4.2 Personalized Medicine and Pharmacogenomics
Personalized treatment focuses on utilizing genomic and
molecular information to tailor treatment according to
individual tumour properties and patient genetic
makeup. Pharmacogenomics determines gene variants that
modulate drug metabolism (such as TPMT and 6-
mercaptopurine toxicity and UGT1Al and irinotecan
response). Molecular stratification with the use of NGS
enables the identification of actionable mutations (such as
EGFR, ALK, BRAF) to be used with target therapy.
Doing so reduces trial-and-error, enhances outcomes, and

reduces adverse events (Dienstmann et al., 2018)
[11]

4.3 Nanotechnology in Drug Delivery

Nanomedicine enhances drug delivery through nanoscale
carriers such as liposomes, dendrimers, and polymeric
nanoparticles. Benefits include improved tumor targeting,
enhanced drug solubility, reduced systemic toxicity, and
controlled release. FDA-approved nanodrugs like Doxil®
(liposomal doxorubicin) and Abraxane® (albumin-bound
paclitaxel) show better tolerability and tumor selectivity.
Emerging smart nanocarriers can respond to tumor-specific
stimuli (pH, enzymes) to trigger localized release (Kirtane et
al., 2021) 21,

4.4 Biomarker-Guided Therapy

Biomarkers are predictive and/or prognostic markers used to
forecast response to treatment. Some examples are PD-L1 to
predict response to checkpoint inhibitors, BRCA1/2
mutation to assess PARP-inhibitor sensitivity and MSI-
high/dMMR to reflect response to immunotherapy in
endometrial and colo- rectal cancers. Trials such as NCI-
MATCH and TAPUR are examples of these biomarker-
directed trials (Meric-Bernstam et al., 2021) 3%,

5. Emerging Trends and Future Directions in Anticancer
Drug Development

The advances in molecular biology, computational sciences,
and genetic engineering opened up a new generation in drug
discovery against cancer. New innovations not only focus
on enhancing efficacy and targeting specificity but also on
minimizing side effects and targeting cancers that were
otherwise considered “undruggable.”

5.1 Development of Novel Drugs and Small Molecules
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The pipeline of novel anticancer drugs has grown
substantially with small-molecule inhibitors against
once “undruggable” proteins like KRAS G12C. Sotorasib
(AMG 510) and adagrasib (MRTX849) are breakthroughs
against mutant KRAS, with promising data in NSCLC
and colorectal cancer (Canon et al., 2019) U1,
Proteolysis- targeting chimeras (PROTACs) provide an
alternative mechanism with protein degradation instead
of inhibition, with increased therapeutic reach (Pettersson
gLﬂCrews, 2019)

5.2. Artificial Intelligence Applied to Drug Discovery

Today, artificial intelligence plays a major role in the
development of anti-cancer drugs through innovative
design and drug repurposing, as well as by predicting drug
interactions and improving outcomes. Among these tools is
DeepMind, which has revolutionized the field of protein
structure recognition. It is one of the important tools in the
drug discovery process. Artificial intelligence also plays a
major role in accelerating the discovery of highly effective
drugs against cancer cells by reducing the cost of drugs,
reducing their discovery, and increasing their development.

5.3. Strategies in Gene-Editing and CRISPR

Gene editing techniques and Expr technology. I want
CRISPR technology and other technologies and strategies
that play an important role in gene editing. It has great
merit and potential in cancer treatment combinations and
plays an important role in therapeutic intervention. There
are many analyses and tests conducted using CRISPR
technology that identified weaknesses in anti-cancer drug
treatments. It played an important role in liberating T cells,
which improves the ability to activate the immune system
against cancer cells. CRISPR technology can play an
important role in artificial methods based on gene editing
and re-adjusting and directing immunity with high
precision against cancerous tumors.

5.4. Vaccines and Cancer-Preventive Therapies

Anti-cancer drugs have shifted from their initial
preventative uses to effective therapeutic applications.
Currently, there are numerous attempts to develop several
vaccines against colon cancer, skin cancer, and lung cancer
(Sahin et al., 2020) 41. These vaccines are undergoing
clinical evaluation, and their goal is to increase or stimulate
each patient's immunity against tumors. There is significant
work on the results of these vaccines in stimulating the
body's long-term immunity against tumors.

6. Conclusion

Cancer drugs have changed radically in the past,
including cytotoxic compounds, targeted therapies based
on the molecular level, and immunotherapy strategies.
Thanks to these developments in  proteomics,
bioinformatics, and genomics, this has led to the creation
of new drugs that work more effectively and with selective
toxicity to the disease without affecting intact tissues.
Despite the technological progress and the characteristics
of developing treatment, there are still many obstacles that
constitute an obstacle to the development of long-term
treatment. The most important of these obstacles are the
heterogeneity within tumors and the resistance of acquired
and self-cells to drugs, as well as the ability of these cells
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to hide from the immune system. In addition to, the high
costs of treatment. These obstacles require collective work
to overcome them. This collective work must be from
diverse, multidisciplinary parties in cancer treatment,
pharmaceutical scientists and biological engineers. It fills
this aura of obstacles and translates the practical reality into
clinical results and benefits, and makes treatment more
efficient and affordable.
As a result, new developments in the discovery of anti-
cancer drugs with the help of modern technology, including
artificial intelligence, personalized therapy, biomarker
guidance, nuclear medicine, and gene editing techniques,
all of these factors have led to the emergence of highly
efficient treatment systems that are less toxic to healthy
tissues in the body and have a longer-lasting effect. The
most recent of these is achieving longer survival rates and
improving the life cycle of people with cancer around the
world.
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