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ABSTRACT

Cancer is one of the leading causes of morbidity and mortality globally, characterized by the uncontrolled
proliferation and spread of aberrant cells. The intricacy and variety of cancer still provide enormous
therapeutic obstacles, despite tremendous advances in medical research. A wide range of anti-cancer
tactics have surfaced in recent years, including more advanced techniques like targeted therapy and
immunotherapy as well as more traditional ones like chemotherapy and radiation.  Although patient
outcomes have greatly improved as a result of these treatments, problems like toxicity, off-target effects,
and drug resistance still pose serious risks. Concurrent with these developments, natural substances—in
particular, phytochemicals obtained from therapeutic plants—have attracted a lot of interest because of
their multiple modes of action, reduced toxicity, and capacity to improve the effectiveness of traditional
treatments. With a focus on the therapeutic advantages, limits, and molecular functions of synthetic and
plant-derived chemicals in cancer treatment, this study offers a thorough summary of both established and
new anti-cancer treatments. Combining historic knowledge with contemporary pharmacological
techniques could yield new insights and open the door to more individualized and successful cancer
treatments.
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INTRODUCTION

Cancer is a complex and multifactorial disease characterized by uncontrolled cell proliferation, resistance
to cell death, sustained angiogenesis, and the ability to invade tissues and metastasize. It remains one of
the leading causes of morbidity and mortality worldwide, contributing to approximately 10 million deaths
annually according to the World Health Organization. The pathogenesis of cancer involves genetic
mutations, epigenetic alterations, chronic inflammation, oxidative stress, and disruptions in cellular
signaling pathways. These factors lead to the transformation of normal cells into malignant ones that evade
immune surveillance and resist conventional treatments.

Over the years, various therapeutic approaches have been developed to combat cancer, including surgery,
radiotherapy, chemotherapy, targeted therapy, and immunotherapy. While conventional treatments such
as chemotherapy and radiotherapy are widely used and often effective, they are associated with significant
side effects due to their non-selective nature, damaging both cancerous and healthy tissues. Moreover,
tumor resistance and relapse remain major challenges in long-term cancer management.

In recent years, attention has shifted toward targeted therapies that specifically act on molecular pathways
essential for cancer cell survival and proliferation. Immunotherapies, such as immune checkpoint inhibitors
and CAR-T cell therapy, have revolutionized cancer treatment by harnessing the body’s own immune
system to eliminate cancer cells. However, these modern therapies are expensive and may not be
accessible to all populations.

Parallel to these advancements, natural products derived from medicinal plants have emerged as promising
alternatives or adjuncts in cancer therapy. Phytochemicals such as alkaloids, flavonoids, terpenes, and
phenolic compounds have shown anti-cancer activities through mechanisms like induction of apoptosis,
inhibition of angiogenesis, modulation of the cell cycle, and suppression of oxidative stress. Plant-based
compounds such as paclitaxel (from Taxus brevifolia), vincristine (from Catharanthus roseus), and curcumin
(from Curcuma longa) have already been incorporated into clinical practice, showcasing the therapeutic
potential of natural agents.

Given the growing interest in integrating natural medicine with conventional oncology, this review aims to
provide a comprehensive overview of current anti-cancer therapies, with a special focus on plant-derived
compounds. It highlights their mechanisms of action, clinical relevance, and potential role in overcoming
the limitations of conventional treatments, while also exploring future directions in the development of
safe, effective, and accessible cancer therapies.

CONVENTIONAL THERAPIES

1. CHEMOTHERAPY

Chemotherapy is one of the most known and extensively used systemic treatments for cancer. It involves
the use of cytotoxic medicines that target and kill rapidly proliferating cells—a hallmark of cancer. These
medications cause apoptosis or necrosis of malignant cells by interfering with several elements of the cell
cycle, including DNA replication, mitosis, and cellular metabolism.
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Chemotherapeutic agents fall into various classes, such as:

Alkylating drugs, such as cyclophosphamide and cisplatin, function by introducing alkyl groups into DNA,
which results in strand breaking and cross-linking that inhibit transcription and replication.

Antimetabolites, such as methotrexate and 5-fluorouracil, mimic natural compounds and disrupt the
production of DNA and RNA by integrating into nucleic acids or blocking vital enzymes.

Inhibitors of topoisomerases, which are essential enzymes for DNA unwinding and repair, include
doxorubicin and etoposide.

Cell division is hampered by mitotic inhibitors, such as vincristine and paclitaxel, which interfere with
microtubule activity.

Antibiotics that are cytotoxic, such as actinomycin D, intercalate into DNA and prevent transcription.

The lack of selectivity of chemotherapy frequently results in collateral damage to healthy, quickly dividing
cells, including as those in the bone marrow, gastrointestinal system, and hair follicles, even while it is
efficient in lowering tumour mass and curing micrometastatic illness.

Common side effects that arise from this include:

e Alopecia (loss of hair)

e Vomiting and feeling queasy

e Mucositis

e Mpyelosuppression, which raises the risk of bleeding, anaemia, and infection
e Weariness and an overall feeling of unwellness

Drug resistance, which can be acquired or intrinsic, is another significant issue. Mechanisms like increased
drug efflux, modified drug targets, improved DNA repair, and apoptosis evasion can all be developed by
tumour cells. Additionally, by giving cancer cells safe havens, the tumour microenvironment can support
chemoresistance. Recent improvements attempt to increase the therapeutic index of
chemotherapy. These consist of:

Combination chemotherapy is the use of many drugs with various mechanisms to increase effectiveness
and lower resistance.

Metronomic and dose-dense schedules:
Modifying dosage plans to reduce toxicity and maximise anti-tumor effectiveness.

Targeted delivery systems: To localise drug action and protect healthy tissue, liposomes, nanoparticles, or
antibody-drug conjugates are used.

Chemotherapy is still a mainstay in the treatment of many cancers, even with the advent of newly targeted
medicines. It is frequently combined with surgery, radiation, or other treatments.

2. RADIOTHERAPY

Radiotherapy, often known as radiation therapy, is a targeted treatment method that employs ionizing
radiation to eliminate cancer cells by producing irreparable DNA damage. It is a mainstay in the treatment
of a lot of solid tumours and can be used for palliative, neoadjuvant, adjuvant, or curative purposes.
Radiotherapy is administered to about half of all cancer patients at some point during their course of
treatment.
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Mechanism of Action:

Either directly, by rupturing the DNA strands, or indirectly, by producing reactive oxygen species (ROS),
which chemically change DNA and other biological components, ionising radiation damages DNA. Cancer
cells are especially vulnerable to this damage because they frequently have compromised DNA repair
systems. In the end, cell division is inhibited and cell death is induced, mostly through mitotic catastrophe
or apoptosis.

External Beam Radiotherapy (EBRT)

This is the most prevalent type, in which a linear accelerator is used to focus high-energy X-rays, gamma
rays, or particle beams (such as protons) towards the tumour from outside the body. EBRT may be:

3D-conformal radiotherapy (3D-CRT) or traditional 2D radiotherapy

With intensity-modulated radiation treatment (IMRT), tumours can be precisely targeted by using different
doses within the radiation beam.

To improve accuracy, image-guided radiotherapy (IGRT) incorporates imaging both before and during
treatment.

High-dose radiation is delivered to small, well-defined tumours in fewer sessions using stereotactic body
radiotherapy (SBRT) and stereotactic radiosurgery (SRS).

Brachytherapy

By positioning radioactive sources inside or close to the tumour location, a large dose of radiation can be
administered locally with little harm to nearby healthy tissue. It is frequently used to treat head and neck,
breast, cervical, and prostate cancers.

Proton Beam Therapy

a type of particle therapy in which protons are used rather than photons. Its benefit is the Bragg peak
effect, which minimises the exposure to healthy tissues outside of the tumour by depositing radiation at a
precise depth. It is particularly helpful for malignancies of the central nervous system and in children.

e Advantages of Radiotherapy

(i) Minimally invasive or non-invasive

(i) Can sterilize surgical margins after surgery or reduce tumours before surgery.
(i) Beneficial in the treatment of incurable tumours

(iv) Can have synergistic effects when paired with chemotherapy.

e Challenges and Limitations
(i) Even with advancements in technology, toxicity to nearby healthy tissues is still a major drawback,
particularly when tumours are situated close to vital organs. Typical adverse effects consist of:
(ii) Burns or skin irritation
(iii) Weariness
(iv) Depending on the treatment site, either mucositis or oesophagitis
(v) Enteritis, cystitis, or radiation pneumonitis
(vi) Long-term dangers like organ failure, fibrosis, and secondary cancers
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3. TARGETED THERAPY

A significant development in the treatment of cancer is targeted therapy, which focusses on particular
molecular targets implicated in the development, spread, and survival of cancer cells. Unlike typical
chemotherapy, which affects all rapidly proliferating cells, targeted therapies try to disrupt just the aberrant
pathways that are hyperactive or mutated in cancer cells. This selectivity allows for better therapy efficacy
with generally fewer negative effects.

Mechanism of Action:

The purpose of targeted therapy is to:

Block signalling pathways that are necessary for the survival and growth of cancer cells.
Stop angiogenesis so that the tumour can't produce its own blood supply.

Cause cancer cells to undergo apoptosis

Interfere with tumor-promoting micro environmental factors

Types of Targeted Therapies

Tyrosine Kinase Inhibitors (TKIs)

Tyrosine kinases, which are enzymes involved in signal transduction pathways that support cell division and
survival, are inhibited by these small-molecule medications once they enter cells.

For instance:

When treating chronic myeloid leukemia (CML), imatinib targets BCR-ABL.
EGFR is inhibited by erlotinib and gefitinib in non-small cell lung cancer.
Sunitinib and Sorafenib target several angiogenesis-related kinases.
Monoclonal Antibodies (mAbs)

These are antibodies made in a lab that attach to particularantigens on the surface of cancer cells or in the
tumour microenvironment, disrupting vital functions such immune evasion and receptor activation.

For instance:

Trastuzumab targets HER2 in malignancies of the breast and stomach.
In colorectal and head and neck malignancies, cetuximab targets EGFR.
Bevacizumab inhibits angiogenesis by binding VEGF.

Antibody-Drug Conjugates (ADCs)

These deliver the harmful payload directly to cancer cells while preserving healthy tissue by combining
cytotoxic medications with monoclonal antibodies.

For instance, ado-trastuzumab emtansine (T-DM1) for breast cancer that is HER2-positive
Proteasome and PARP Inhibitors

Bortezomib — a proteasome inhibitor used in multiple myeloma
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Olaparib — a PARP inhibitor used in BRCA-mutated ovarian and breast cancers
Advantages of Targeted Therapy

(i) Increased cancer cell specificity

(ii) Systemic toxicity is lower than with chemotherapy.

(iii) Better results in subgroups that are genetically characterize

(iv) Able to be coupled with other treatments (e.g., immunotherapy, chemotherapy)

Challenges and Limitations

(i) Drug Resistance

(i) Resistance can develop through:

(iii) Secondary mutations in the target protein
(iv) Activation of alternative signaling pathways
(v) Tumor heterogeneity and evolution

Limited Patient Eligibility

Only patients with specific genetic alterations are candidates for certain therapies, requiring molecular
diagnostics for proper patient selection.

Adverse Effects

While generally milder than chemotherapy, targeted therapies can still cause side effects such as:
Skin rash

Hypertension

Diarrhea

Hormonal Therapy

Hormone-sensitive cancers—tumors that depend on hormones like oestrogen or testosterone to grow—
are treated with hormonal therapy, sometimes referred to as endocrine therapy. It is most frequently used
for malignancies of the breast and prostate.

Mechanism of Action:

e Hormonal treatments function through:

e Preventing cancer cells from expressing certain hormones (such as androgen or oestrogen
receptors)

e Preventing the body from producing hormones

e Inhibiting the signalling pathways for hormones

e Cancer cell growth and spread are slowed or stopped by interfering with these hormone signals.

e Examples of Hormonal Therapy

e Breast Cancer
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Examples of Hormonal Therapy
I.  Breast Cancer:
Tamoxifen — a selective estrogen receptor modulator (SERM) that inhibits estrogen receptors.

Aromatase inhibitors (e. g. , anastrozole, letrozole) — decrease estrogen synthesis in women after
menopause.

Fulvestrant — dismantles estrogen receptors.

Il.  Prostate Cancer:
Androgen Deprivation Therapy (ADT) — decreases testosterone levels through:
Gonadotropin-releasing hormone (GnRH) agonists/antagonists (e. g., leuprolide).

Anti-androgens (e. g., bicalutamide, enzalutamide).

Advantages of Hormonal Therapy

(i) Demonstrated to enhance survival rates and reduce recurrence.
(i) Often utilized as a neoadjuvant or adjuvant therapy.

Challenges and Limitations

(i) One significant drawback is the gradual emergence of resistance.
(ii) Possible side effects include:

(iii) Flashes of heat

(iv) Weariness

(v) Osteoporosis (thinning of the bones)

(vi) Sexual dysfuncti

(vii)  Changes in mood

As new drugs are developed to combat resistance and reduce adverse effects, hormonal therapy continues
to be a crucial part of the treatment of hormone-dependent malignancies.

EMERGING THERAPIES
Natural Products and Phytochemicals

Anti-cancer chemicals have been abundant in natural goods, especially those made from medicinal plants.
Secondary metabolites called phytochemicals, which include alkaloids, flavonoids, terpenes, phenolics, and
glycosides, have a variety of biological actions, such as direct anti-tumor effects, immunomodulatory, anti-
inflammatory, and antioxidant properties. Whether used alone or in conjunction with more traditional
methods, these substances make a substantial contribution to cancer prevention and treatment.

Mechanisms of Anti-Cancer Action

Induction of Apoptosis: Numerous plant-derived compounds initiate apoptotic processes, triggering
programmed cell death in cancer cells. Curcumin sourced from Curcuma longa and resveratrol found in
grapes, for instance, enhance the levels of pro-apoptotic proteins (Bax, p53) while decreasing the levels of
anti-apoptotic proteins (Bcl-2).
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Cell Cycle Arrest: Phytochemicals, including genistein from soy and epigallocatechin gallate (EGCG)
extracted from green tea, disrupt the cell cycle, preventing the proliferation of cancer cells at the GO/G1 or
G2/M stages.

Inhibition of Angiogenesis: The formation of new blood vessels is essential for tumor growth and
metastasis. Substances like curcumin and berberine impede vascular endothelial growth factor (VEGF)
signaling pathways, diminishing the blood supply to tumors.

Suppression of Metastasis: Flavonoids, such as quercetin and luteolin, hinder matrix metalloproteinases
(MMPs), the enzymes involved in tumor invasion and metastasis.

Anti-oxidative Stress: Reactive oxygen species (ROS) play a role in DNA damage and cancer development.
A variety of phytochemicals serve as antioxidants, neutralizing free radicals and safeguarding cells from
oxidative harm.

Epigenetic Modulation: Certain natural substances affect gene expression without making changes to DNA
sequences. For instance, sulforaphane derived from broccoli alters histone acetylation and DNA
methylation patterns in cancer cells.

Table: Notable Phytochemicals and Their Sources

Phytochemical

Plant Source Targeted Cancer Types Mechanism of Action

Induces apoptosis, inhibits NF-
Curcuma longa

Cur cumin . Breast, colon, pancreatic kB, anti-inflammatory,
(Turmeric) o
antioxidant
Grapes, berries, . Induces apoptosis, inhibits
Resveratrol Skin, liver, colon

peanuts

angiogenesis, modulates p53

Epigallocatechin
gallate (EGCQ)

Camellia sinensis
(Green tea)

Prostate, lung, breast

Cell cycle arrest, inhibits VEGF,
antioxidant

Onions, apples,

Inhibits PI3K/AKT signaling,

Quercetin . Lung, prostate, colon .
broccoli &P reduces oxidative stress
. . . . Mitochondrial apoptosis, cell
Berberine Berberis species Liver, breast, colon Pop o
cycle arrest, AMPK activation
L Soybeans (Glycine Tyrosine kinase inhibition,
Genistein Breast, prostate, colon )
max) estrogen receptor modulation
. Celery, parsley, . Inhibits metastasis, induces
Luteolin Lung, pancreatic . ..
green pepper apoptosis, anti-inflammatory
. Catharanthus roseus - . .
Vincristine / . Inhibits microtubule formation,
. . (Madagascar Leukemia, lymphoma o
Vinblastine . prevents mitosis
periwinkle)
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Camptothecin acuminata (Chinese Colon, ovarian, lung

. Taxus brevifolia . Stabilizes microtubules, causes
Paclitaxel (Taxol) o Breast, ovarian, lung o
(Pacific yew) mitotic arrest
Camptotheca

Inhibits topoisomerase |, DNA

damage induction
tree)

ADVANTAGES IN CANCER THERAPY

e Selective Cytotoxicity: Numerous phytochemicals primarily focus on cancer cells rather than normal
cells.

e Fewer Side Effects: Natural substances typically lead to reduced toxicity and are easier for patients
to tolerate.

e Multi-targeted Actions: They engage with multiple molecular targets, enhancing their effectiveness
in diverse tumors.

e Preventive Potential: Consistent dietary consumption of phytochemicals lowers the risk of
developing cancer.

Benefits of Utilizing Natural Products and Phytochemicals Compared to Traditional Cancer Treatments

e Improved Tolerance and Reduced Toxicity
e Generally speaking, phytochemicals have less side effects than radiation and chemotherapy.
e They target cancer cells specifically while causing minimal damage to healthy organs.
For instance, resveratrol and curcumin exhibit anti-cancer properties with minimal systemic toxicity.
Different Mechanisms of Action
Unlike synthetic medications with a single target, phytochemicals alter several signalling pathways.
They lower oxidative stress, limit angiogenesis, control inflammation, and trigger apoptosis.

This multi-targeted nature aids in the fight against tumour resistance and heterogeneity.
Decreased Resistance to Drugs

The prolonged mono-targeted treatment of conventional medicines frequently results in resistance.

Because they act on multiple biological targets at once, phytochemicals lower this risk.
Benefits of Conventional Therapies in Combination

Numerous natural substances improve the efficacy of immunotherapy and chemotherapy.
For instance, resveratrol increases the effectiveness of doxorubicin, whereas curcumin makes tumours

more sensitive to cisplatin.
Anti-inflammatory and Antioxidant Characteristics
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These characteristics aid in lowering inflammation and oxidative damage, two major factors in the
development of cancer.

They also enhance patients' quality of life and aid in their recuperation.
Affordability and Accessibility

Particularly in environments with limited resources, plant-based therapies are frequently more accessible
and less expensive.

Many are already included in traditional medical systems such as Traditional Chinese Medicine (TCM) and
Ayurveda.
Possibility of Prevention Use

A lower risk of cancer has been associated with regular use of phytochemicals in the diet.

For instance, diets high in flavonoids are linked to decreased incidence of breast, prostate, and colon
cancers.
New Developments in Technology

Poorly absorbed phytochemicals are becoming more bioavailable and therapeutically effective thanks to
nanotechnology and sophisticated drug delivery methods.

Challenges and Limitations

Although they offer benefits, phytochemicals encounter several constraints:

Low Bioavailability: Numerous compounds exhibit low solubility in water and are quickly metabolized (for
instance, curcumin).

Standardization Problems: The quality and dosage differ among herbal products.
Insufficient Clinical Validation: There is a need for additional human research and clinical trials.
Drug Interactions: Certain phytochemicals might disrupt the effectiveness of conventional medications.

Research into advanced formulations (such as nanoparticles and liposomes) and synthetic derivatives aims
to enhance delivery, stability, and effectiveness.

CONCLUSION

Cancer continues to pose a significant challenge within contemporary medicine, marked by its complexity,
elevated mortality rates, and common resistance to established treatments. Although traditional therapies,
including chemotherapy, radiotherapy, and targeted therapies, have notably enhanced survival rates for
various cancer types, they often bring about serious adverse effects, resistance to drugs, and limited
efficacy in targeting tumor tissues. These limitations have motivated the scientific community to investigate
alternative and adjunctive treatment approaches.

Phytochemicals and natural products, primarily sourced from medicinal plants, present a promising and
historically validated strategy for anti-cancer therapy. Many chemotherapeutic agents, such as paclitaxel,
vincristine, and camptothecin, were initially discovered from plants, highlighting the vast medicinal
potential of natural substances. Recent studies have built upon this foundation, revealing a multitude of
bioactive phytochemicals exhibiting significant anti-cancer effects through various mechanisms, including
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inducing apoptosis, halting the cell cycle, inhibiting angiogenesis, reducing oxidative stress, and modulating
immune responses.

Phytochemical-based therapies benefit from a multi-targeted approach, allowing them to influence several
signaling pathways at once. This not only bolsters their effectiveness but also mitigates the development
of resistancea prevalent issue with single-target synthetic drugs. Additionally, their generally low toxicity
and greater patient tolerability render them suitable for prolonged use, either independently or alongside
traditional treatments.

In summary, natural products and phytochemicals demonstrate considerable potential in the relentless
battle against cancer. Their incorporation into contemporary cancer treatment not only complements
existing therapies but also aligns with a broader initiative toward safer, more sustainable, and patient-
centric therapeutic alternatives. Ongoing research coupled with strong clinical evidence is crucial for
realizing their full potential and establishing them as trusted elements of future anti-cancer strategies.
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