Yojana Kurhade, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 4, 4843-4846 | Review

INTERNATIONAL JOURNAL OF ™

PHARMACEUTICAL SCIENCES OPEN ACCESS
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

Review Paper

Emerging Therapeutic Strategies in Cancer: From Cytotoxic Agents to
Precision Medicine

Yojana Kurhade*, Dr. Khushboo Arora

Department of Pharmaceutical Science, SAGE University, Indore.

ARTICLE INFO ABSTRACT
Published: 30 Apr 2026

Cancer represents a complex and heterogeneous group of diseases driven by genetic,

?eywor;ls;l epigenetic, and micro environmental alterations. Despite substantial progress in
argeted therapy , diagnosis and treatment, it remains a leading cause of global mortality. Traditional
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therapies such as chemotherapy and radiotherapy have improved survival but are limited
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by toxicity and resistance. In recent years, advances in molecular biology have enabled
the development of targeted therapies, immunotherapies, and nanotechnology-based
drug delivery systems. This review provides a comprehensive overview of these
evolving strategies, highlighting their mechanisms, clinical applications, and
limitations. Additionally, it discusses emerging challenges such as tumor heterogeneity,
drug resistance, and economic barriers, emphasizing the importance of personalized
medicine in future oncology practice..

INTRODUCTION radiation exposure, and lifestyle-related factors
significantly contribute to cancer development.

Cancer continues to represent a major global Over the past few decades, the conceptual

health burden, accounting for millions of new
cases and deaths annually. The disease arises from
the accumulation of genetic and epigenetic
alterations  that disrupt normal cellular

understanding of cancer has evolved from a
localized disease to a systemic and highly
heterogeneous condition. Tumor heterogeneity,
both intertumoral and intratumoral, plays a crucial
role in disease progression and therapeutic
response. This complexity has made the
development of universally effective treatments
challenging, necessitating more personalized and
adaptive therapeutic strategies.

homeostasis, resulting in uncontrolled
proliferation, resistance to apoptosis, and the
ability to invade distant organs. In addition to
intrinsic genetic mutations, external risk factors
such as tobacco use, environmental carcinogens,
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Traditional cancer therapies, including
chemotherapy and radiotherapy, have long served
as the cornerstone of treatment. While these
approaches have improved survival rates in many
cancers, they are often associated with significant
toxicity due to their non-selective mechanisms of
action. Furthermore, the emergence of multidrug
resistance and disease recurrence highlights the
limitations of these conventional modalities.
Recent advances in molecular biology, genomics,
and pharmacology have paved the way for
therapeutic approaches. Targeted
aim to inhibit specific molecular
pathways essential for tumor growth, while
immunotherapy leverages the body’s immune
system to recognize and eliminate malignant cells.
In parallel, nanotechnology-based drug delivery
systems have shown promise in improving drug
specificity and reducing systemic toxicity.
Despite these advancements, several challenges
remain, including variability in patient response,

innovative
therapies

high treatment costs, and limited accessibility in
low- and middle-income countries. Therefore,
ongoing research is focused on integrating
multiple therapeutic modalities and developing
predictive biomarkers to enhance treatment
efficacy.

This review aims to provide a comprehensive
overview of current and emerging therapeutic
strategies in cancer treatment, with a particular
emphasis on their pharmacological basis, clinical
relevance, and future potential.

2. Conventional and Their

Limitations

Therapies

2.1 Chemotherapy

Chemotherapeutic agents target rapidly dividing
cells by interfering with DNA replication or
mitosis. While effective in reducing tumor burden,
their non-selective nature leads to adverse effects
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such as myelosuppression and gastrointestinal
toxicity [3].

2.2 Radiotherapy

Radiotherapy induces DNA damage through
ionizing radiation, resulting in tumor cell death.
Although advances such as intensity-modulated
radiotherapy have improved precision, damage to
surrounding healthy tissues remains a concern [4].

2.3 Drug Resistance

Resistance to conventional therapies arises
through multiple mechanisms, including drug
efflux, genetic mutations, and alterations in
cellular signaling pathways [5]. This significantly
limits long-term treatment success.

3. Targeted Therapy: Advancing Precision
Oncology

Targeted therapies selectively inhibit molecular
pathways essential for tumor growth and survival.
These include tyrosine kinase inhibitors and
monoclonal antibodies that block aberrant
signaling mechanisms [6].

A landmark example is the use of imatinib in
chronic myeloid leukemia, which targets the BCR-
ABL fusion protein [7]. Despite their specificity,
targeted therapies are not without limitations, as
tumors can develop resistance through secondary
mutations or pathway bypass mechanisms [8].

4. Immunotherapy: Revolutionizing Cancer
Treatment

Immunotherapy has emerged as a transformative
approach by leveraging the body’s immune system
to recognize and eliminate cancer cells.

4.1 Immune Checkpoint Inhibitors

Checkpoint inhibitors targeting PD-1, PD-L1, and
CTLA-4 pathways have demonstrated significant
clinical success in multiple cancer types [9].

4.2 CAR-T Cell Therapy
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Chimeric antigen receptor (CAR) T-cell therapy
involves genetic modification of T cells to target
tumor-specific antigens, showing remarkable
outcomes in hematological malignancies [10].

4.3 Challenges in Immunotherapy

Despite promising results, immunotherapy is
associated with immune-related adverse events
and variable patient response rates [11].

5. Nanotechnology in Cancer Drug Delivery
Nanotechnology-based systems enhance drug
delivery by improving solubility, stability, and
tumor targeting.

5.1 Types of Nanocarriers

Common nanocarriers include liposomes,
polymeric nanoparticles, dendrimers, and metallic

nanoparticles [12].

5.2 Enhanced Permeability and Retention
Effect

Nanoparticles accumulate preferentially in tumor
tissues due to leaky vasculature, known as the EPR
effect [13].

5.3 Clinical Applications and Limitations
Several nano formulations, such as liposomal
doxorubicin, are clinically approved; however,
challenges remain in large-scale production,
regulatory approval, and long-term safety [14].

6. Current Challenges in Cancer Therapy

6.1 Tumor Heterogeneity

Inter- and intra-tumoral heterogeneity complicate
treatment selection and contribute to therapeutic
resistance [15].

6.2 Economic and Accessibility Barriers
Advanced therapies, particularly biologics and
personalized treatments, are often expensive and
inaccessible in low-resource settings [16].
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6.3 Need for Biomarkers

Reliable biomarkers are essential for predicting
treatment response and minimizing unnecessary
toxicity [17].

FUTURE PERSPECTIVES

The future of oncology lies in integrating multi-
omics data, artificial intelligence, and personalized
medicine approaches. Combination therapies
targeting multiple pathways simultaneously are
expected to overcome resistance and improve
outcomes [18]. Additionally, advancements in
gene editing technologies such as CRISPR may
open new therapeutic avenues.

CONCLUSION

Cancer treatment has undergone a paradigm shift
from non-specific cytotoxic approaches to highly
targeted and individualized therapies. While
significant progress has been made, challenges
such as resistance, toxicity, and accessibility
persist. Continued research and interdisciplinary
collaboration will be essential to translate
emerging innovations into effective clinical
solutions.
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