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Abstract: 

Cancer disease continues to impose a substantial heavy burden on our 

global health systems, necessitating continuous innovation in therapeutic 

development. Earlier drug discovery strategies mainly depend on non-

specific cytotoxic agents, associated with limited selectivity and adverse 

effects. On other hand, recent advances in molecular biology, genomics, 

and computational sciences have enabled a transition toward mechanism-

driven and patient-specific therapeutic design. This review examines 

contemporary strategies in anti-cancer drug discovery, including targeted 

therapies, immunotherapeutic interventions, and precision-based 

approaches. Additionally, it highlights the integration of new 

technologies such as artificial intelligence and high-throughput 

methodologies. Current limitations and future prospects in oncology drug 

development are also discussed in this article. 
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1. Introduction 

Cancer diseases arise from complex interactions 

involving genetic mutations, epigenetic 

dysregulation, and environmental influences, leading 

to uncontrolled cellular proliferation and metastasis. 

These diseases collectively represent a significant 

contributor to global mortality and healthcare burden 

(1, 2). Historically, these treatment modalities such 

as chemotherapy and radiotherapy have 

demonstrated limited, often affecting both cancerous 

and healthy tissues, thereby causing systemic 

toxicity (3). Recent progress in molecular oncology 

has facilitated a deeper understanding of tumor 

biology and its rapid growth, enabling the 

identification of actionable molecular targets (4). 

Consequently, drug discovery efforts have shifted 

toward individualized therapeutic strategies aimed at 

enhancing efficacy while minimizing adverse 

outcomes (5, 6). 

 

2. Evolution of Anti-Cancer Drug Discovery 

 Initially anti-cancer agents primarily 

functioned by stopping rapid cell division, targeting 

proliferating cells. Although these achieved clinical 

success in certain malignancies, but their lack of 

selectivity resulted treatment-related complications 

and in toxicity (7).  

 Despite advances in current anti-cancer 

treatment, challenges we face such as drug 

resistance, toxicity and tumor heterogeneity persist. 
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Several limitations we observe in traditional and 

single target drug with simple combination therapies 

are becoming challenging (7).  Current advances in 

cancer genetics led to the discovery of oncogenic 

drivers and tumor suppressor pathways, paving the 

way for the development of specific targeted 

therapies. These interventions selectively reduce 

molecular components essential for tumor growth 

and survival (8, 9). 

 

3. Contemporary Strategies in Drug Discovery 

 Cancer drug discovery become rapid 

transformation driven by advances in molecular 

biology, biotechnology, computational science, 

Nanotechnology and along with interdisciplinary 

research. (10)  Tyrosine kinase inhibitors and 

monoclonal antibodies have significantly improved 

clinical outcomes in several malignancies (10, 11). 

Nanoparticals are engineered to recognize specific 

cancer cell and their selective mechanism 

contributes to improved safety profiles compared to 

traditional therapies. 

 Historically drug repurposing in oncology 

has largely derived by either by understanding of the 

disease pathway or through serendipitous findings. 

(13) The development of immunotherapy has 

introduced a paradigm shift in oncology. By 

developing the immune system’s capacity to 

recognize tumor cells, therapies such as immune 

checkpoint inhibitors and adoptive cell transfer have 

demonstrated durable responses (12, 13). Engineered 

cellular therapies, including CAR-T cells, have 

further expanded treatment possibilities (14). 

 Precision oncology is another way to focus 

on tailoring treatments based on individual 

molecular and genetic profiles. The usage of such 

predictive biomarkers allows clinicians to select 

therapies that are more likely to benefit specific 

patient subgroups (15). This approach increases the 

therapeutic efficacy and reduces unnecessary 

ineffective treatments. 

 Biologically active compounds are derived 

from natural sources which are continue to play a 

vital role in oncology drug development. In parallel, 

drug repurposing strategies aim to identify new 

therapeutic applications for existing 

pharmaceuticals, by reducing development time and 

even there cost (16, 17). 

 

4. Technological Advancements Driving Drug 

Discovery 

 High-throughput sequencing and proteomic 

profiling techniques enable comprehensive 

characterization of tumor biology. These tools 

facilitate the identification of drug targets site and 

molecular signatures associated with disease 

improvement (18, 19). 

 Artificial intelligence is increasingly 

utilized nowadays to analyze complex 3D biological 

datasets, which predict molecular interactions, and 

optimize the drug patient. These computational 

approaches significantly improve their efficiency 

and reduce the time of drug development (20, 21). 

 Current screening analysis allows rapid 

evaluation of large chemical libraries, enabling the 

identification of promising therapeutic patients with 

improved accuracy (22). 

 

5. Challenges in Anti-Cancer Drug Development 

 Anti cancer drug design has shown 

promising results, still it remains relatively 

underexplored area.  By observing present data 

quality and availability present significant obstacles, 

anti cancer drug discovery is depends on biological 

and chemical datasets.  Cancer cells can adapt to 

therapeutic pressure through genetic alterations and 

pathway reprogramming, leading to resistance and 

disease recurrence (23, 24). 

 Variability within and between tumors 

presents a major obstacle to effective treatment, 

necessitating more adaptive and personalized 

therapeutic strategies (25). Despite this, adverse 

effects remain a concern, and significant 

advancements, highlighting the need for safer and 

more selective therapeutic options (26). Drug 

development is often hindered by high costs, 

prolonged timelines, and stringent regulatory 
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requirements, limiting accessibility and innovation 

(27, 28). 

 

6. Future Directions 

Advanced computational tools, and personalized 

medicine is expected to further transform anti-cancer 

drug discovery. Emerging technologies such as gene 

editing and nanomedicine offer new avenues for 

targeted intervention and improved drug delivery 

systems (29, 30). Collaborative efforts across 

disciplines will be essential to accelerate progress 

and ensure equitable access to novel therapies. 

 

7. Conclusion 

Anti-cancer drug discovery has evolved into a highly 

sophisticated and interdisciplinary field. Advances in 

molecular biology, immunology, and computational 

sciences have significantly enhanced the 

development of targeted and personalized therapies. 

While challenges such as resistance and 

heterogeneity persist, ongoing innovation holds 

promise for more effective and safer cancer 

treatments in the future. 
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