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ABSTRACT 

Cancer research has undergone unprecedented acceleration in 

recent years due to advances in molecular biology, 

immunology, genomics, and artificial intelligence. The period 

from 2024 to 2025 has been particularly significant, marked by 

the approval of novel anticancer agents, progress in 

personalized immunotherapy, rapid development of antibody–

drug conjugates, mRNA-based cancer vaccines, liquid biopsy 

technologies, and AI-driven diagnostics. These innovations 

have enhanced tumor specificity, improved survival outcomes, 

and reduced systemic toxicity. This comprehensive review 

critically evaluates the most recent advancements in cancer 

research, emphasizing translational relevance, clinical 

applicability, and emerging challenges such as drug resistance, 

tumor heterogeneity, and healthcare accessibility. The review 

aims to provide pharmacy and biomedical researchers with a 

detailed overview of contemporary oncology research and its 

future trajectory. 
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1. INTRODUCTION 

Cancer is a complex group of diseases characterized by uncontrolled cellular proliferation, 

evasion of apoptosis, angiogenesis, immune escape, and metastatic spread. Globally, cancer 

remains a leading cause of death, with incidence rates continuing to rise due to aging 

populations, environmental exposures, and lifestyle factors.
[1]

 Despite improvements in 

conventional treatments such as surgery, radiotherapy, and chemotherapy, limitations 

including toxicity, resistance, and relapse necessitate the development of more effective 

therapeutic strategies. 

 

Recent advances in molecular oncology have revealed that cancer is driven by specific 

genetic mutations, epigenetic changes, and dysregulated signaling pathways.
[2]

 This 

understanding has led to the emergence of precision oncology, which aims to tailor treatment 

based on individual tumor biology. Between 2024 and 2025, oncology research has been 

transformed by the integration of high-throughput sequencing, immunotherapy innovations, 

and artificial intelligence, leading to earlier diagnosis, improved therapeutic targeting, and 

enhanced patient outcomes.
[3] 

 

This review comprehensively discusses the latest research developments in cancer therapy, 

diagnostics, and emerging technologies, highlighting their clinical significance and future 

potential. 

 

2. HISTORICAL PERSPECTIVE OF CANCER RESEARCH 

The understanding of cancer has evolved over centuries, beginning with early pathological 

observations and progressing toward molecular and genomic characterization. Initial concepts 

of cancer were largely descriptive, focusing on abnormal tissue growth, until advances in cell 

biology established cancer as a disease driven by uncontrolled cellular proliferation and 

genetic alterations.
[2,4] 

 

The late twentieth century marked a major turning point with the identification of oncogenes, 

tumor suppressor genes, and key signaling pathways involved in cancer progression. Large-

scale genomic studies further revealed the complexity of cancer genomes and highlighted 

tumor heterogeneity as a fundamental challenge in cancer treatment.
[4,23] 



www.wjpr.net    │    Vol 15, Issue 2, 2026.    │   ISO 9001: 2015 Certified Journal      │ 

 

 

 

Mugdha et al.                                                                      World Journal of Pharmaceutical Research 
  

1214 

The introduction of targeted therapies and immunotherapy represented a paradigm shift in 

oncology, moving treatment strategies beyond non-specific cytotoxic chemotherapy. The 

discovery of immune checkpoints and subsequent development of checkpoint inhibitors 

significantly improved outcomes in several malignancies.
[7,8] 

 

In recent years, technological innovations such as liquid biopsy, artificial intelligence, 

nanotechnology-based drug delivery, and mRNA-based vaccines have accelerated the 

transition toward precision oncology. These approaches enable real-time disease monitoring, 

personalized therapy selection, and improved therapeutic efficiency, reflecting the ongoing 

evolution of cancer research from empirical treatment to data-driven, patient-centered 

care.
[14,16,18,21]

 

 

3. RECENT ADVANCES IN CANCER RESEARCH 

3.1 Molecular Basis of Cancer Progression 

Recent genomic studies have revealed extensive intra-tumoral heterogeneity, highlighting the 

role of driver mutations, chromosomal instability, and epigenetic dysregulation in cancer 

evolution.
[4]

 Oncogenic signaling pathways such as PI3K/AKT/mTOR, MAPK, Wnt/β-

catenin, and Notch have been identified as critical therapeutic targets.
[5]

 Advances in single-

cell sequencing have enabled real-time analysis of tumor evolution and resistance 

mechanisms.
[6]

 

 

3.2 Immunotherapy: Current Advances and Innovations 

Immune checkpoint inhibitors (ICIs) remain central to modern cancer therapy. In 2024–2025, 

expanded indications for PD-1 and PD-L1 inhibitors demonstrated significant survival 

benefits in lung, gastric, head and neck, and colorectal cancers.
[7] 

Combination strategies 

incorporating ICIs with chemotherapy, radiotherapy, or targeted agents have further 

improved response rates.
[8] 

 

Emerging immunotherapies include bispecific T-cell engagers, immune agonists, and next-

generation cytokine therapies designed to enhance immune activation while minimizing 

toxicity.
[9]

 Novel adoptive cell therapies, including CAR-T, CAR-NK, and TCR-engineered T 

cells, have shown promising early clinical results in solid tumors.
[10] 
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Table 1: Recent Immunotherapy Advances (2024–2025). 

Therapy Type Target Cancer Type Research Outcome 

PD-1 inhibitors Immune checkpoint Lung, HNSCC Improved OS 

Bispecific antibodies PD-1/VEGF NSCLC Enhanced immune response 

CAR-T therapy Tumor antigens Leukemia, solid tumors Durable remission 

TCR-T therapy Intracellular antigens Sarcoma Tumor regression 

 

3.3 Antibody–Drug Conjugates (ADCs) 

ADCs represent one of the fastest-growing drug classes in oncology. Improved linker 

chemistry and payload design have enhanced tumor specificity and reduced off-target 

toxicity.
[11]

 Recent ADCs targeting HER2, TROP2, and CDH6 have demonstrated efficacy in 

breast, ovarian, lung, and gastric cancers.
[12] 

 

Resistance mechanisms, including antigen loss and drug efflux, are under investigation, with 

next-generation ADCs being designed to overcome these limitations.
[13]

 

 

3.4 mRNA-Based Cancer Vaccines 

mRNA cancer vaccines represent a novel immunotherapeutic approach that encodes tumor-

specific neoantigens to stimulate anti-tumor immunity.
[14]

 Personalized vaccines combined 

with checkpoint inhibitors have demonstrated reduced recurrence in melanoma and lung 

cancer patients.
[15]

 Research is ongoing to develop off-the-shelf mRNA vaccines for broader 

clinical application. 

 

 

Fig. 1: Mechanism of mRNA Cancer Vaccines. 

 

3.5 Liquid Biopsy and Advanced Diagnostics 

Liquid biopsy technologies have revolutionized cancer diagnostics by enabling non-invasive 

detection of circulating tumor DNA (ctDNA), RNA, and exosomes.
[16] 

These methods 

facilitate early cancer detection, real-time monitoring of treatment response, and 
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identification of resistance mutations.
[17]

 Integration with next-generation sequencing has 

improved sensitivity and specificity across multiple cancer types. 

 

Table 2: Applications of Liquid Biopsy in Oncology. 

Application Biomarker Clinical Benefit 

Early diagnosis ctDNA Early detection 

Treatment monitoring cfDNA Therapy adjustment 

Resistance detection Mutational analysis Personalized therapy 

Prognosis Tumor burden Outcome prediction 

 

3.6 Artificial Intelligence in Cancer Research 

AI applications in oncology include image-based diagnosis, pathology interpretation, 

prognostic modeling, and drug discovery.
[18]

 Machine learning algorithms analyze 

radiological images to detect malignancies at early stages with high accuracy.
[19] 

AI-driven 

integration of genomic, proteomic, and clinical data supports personalized treatment 

planning.
[20]

 

 

 

Fig. 2: Role of Artificial Intelligence in Precision Oncology. 

 

3.7 Nanotechnology and Novel Drug Delivery Systems 

Nanomedicine enables targeted drug delivery, improved bioavailability, and reduced 

toxicity.
[21]

 Lipid nanoparticles, polymeric nanoparticles, and pH-sensitive carriers are under 

investigation for delivering chemotherapeutics and nucleic acids directly to tumors.
[22]

 

 

3.8 Challenges and Future Research Directions 

Despite rapid progress, challenges remain including therapeutic resistance, tumor 

heterogeneity, immune-related adverse effects, and high treatment costs.
[23]

 Future research 

should prioritize biomarker discovery, combination therapies, and equitable access to 

advanced cancer care.
[24]
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4. Risks and Challenges 

Despite remarkable progress in cancer research and the development of advanced therapeutic 

and diagnostic technologies, several scientific, clinical, ethical, and economic challenges 

continue to hinder their widespread adoption and long-term effectiveness.
[2,3]

 

 

4.1 Biological Complexity and Tumor Heterogeneity 

Cancer is characterized by extensive genetic and phenotypic heterogeneity, both within 

individual tumors and across patient populations. This complexity contributes to 

unpredictable treatment responses and facilitates disease progression and therapeutic failure. 

Intratumoral heterogeneity and clonal evolution under therapeutic pressure often lead to 

resistance against targeted therapies and immunotherapeutic agents.
[2,4,23] 

 

4.2 Resistance to Novel Therapies 

Although immunotherapy, targeted agents, and antibody–drug conjugates (ADCs) have 

transformed cancer treatment, many patients experience primary or acquired resistance. 

Mechanisms such as immune evasion, antigen modulation, pathway reactivation, and 

alterations in the tumor microenvironment limit durable responses and necessitate 

combination or sequential treatment strategies.
[7,8,13,23]

 

 

4.3 Safety and Toxicity Concerns 

Advanced cancer therapies are associated with distinct toxicity profiles. Immune checkpoint 

inhibitors can cause immune-related adverse events, while ADCs may result in off-target 

cytotoxicity due to premature payload release. Emerging platforms such as mRNA-based 

vaccines and nanotechnology-based drug delivery systems require further long-term safety 

evaluation.
[11,12,14,21]

 

 

4.4 Limitations of Emerging Diagnostic Technologies 

Liquid biopsy and molecular diagnostics offer minimally invasive tools for early detection 

and disease monitoring; however, challenges related to analytical sensitivity, specificity, 

standardization, and clinical validation remain. Variability in circulating tumor DNA levels 

and pre-analytical factors can influence diagnostic accuracy and clinical decision-

making.
[16,17] 
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4.5 Challenges in Artificial Intelligence Integration 

The application of artificial intelligence in cancer research is constrained by limitations in 

data quality, algorithm transparency, and clinical interpretability. Bias in training datasets, 

lack of standardized clinical data, and concerns regarding patient privacy and data security 

hinder large-scale clinical implementation and regulatory approval of AI-driven tools.
[18,19,20]

 

 

4.6 Manufacturing, Scalability, and Cost Barriers 

The production and commercialization of novel cancer therapies, including ADCs, mRNA 

vaccines, and nanomedicine-based formulations, involve complex manufacturing processes 

and high development costs. These challenges restrict accessibility and affordability, 

particularly in low- and middle-income countries, contributing to global disparities in cancer 

care.
[3,21,22,24]

 

 

4.7 Ethical and Regulatory Challenges 

Rapid advancements in cancer research raise ethical issues related to genetic testing, data 

sharing, informed consent, and equitable access to innovative therapies. Regulatory 

frameworks often struggle to keep pace with technological progress, potentially delaying 

clinical translation and patient benefit.
[1,3,24]

 

 

5. STRATEGIES TO OVERCOME RISKS AND CHALLENGES 

Addressing the limitations associated with modern cancer research requires integrated 

scientific, technological, regulatory, and ethical strategies to ensure effective clinical 

translation and patient benefit.
[2,3] 

 

5.1 Addressing Tumor Heterogeneity and Disease Complexity 

Advances in multi-omics technologies, including genomics, transcriptomics, and proteomics, 

can provide a deeper understanding of tumor heterogeneity and clonal evolution. Integrating 

these data with precision medicine approaches enables personalized treatment selection and 

adaptive therapeutic strategies, thereby improving treatment outcomes.
[2,4,23] 

 

5.2 Combating Therapeutic Resistance 

The development of rational combination therapies targeting multiple signaling pathways and 

immune checkpoints has shown promise in overcoming resistance mechanisms. Sequential 

treatment strategies and real-time monitoring of molecular changes using liquid biopsy can 

further aid in early detection of resistance and timely treatment modification.
[7,8,16,23] 
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5.3 Improving Safety and Reducing Toxicity 

Optimization of drug design, payload selection, and linker stability in antibody–drug 

conjugates, along with careful patient selection and dose optimization, can reduce adverse 

effects. Long-term pharmacovigilance and post-marketing surveillance are essential to ensure 

the safety of emerging therapies such as mRNA vaccines and nanomedicine-based 

systems.
[11,12,14,21] 

 

5.4 Enhancing Diagnostic Accuracy and Standardization 

Standardized protocols for sample collection, processing, and data interpretation are crucial 

for improving the reliability of liquid biopsy and molecular diagnostic platforms. Large-scale 

clinical validation studies and harmonization of analytical methods can enhance their 

acceptance in routine clinical practice.
[16,17] 

 

5.5 Strengthening Artificial Intelligence Implementation 

Improving data quality through well-annotated, diverse, and standardized datasets can 

enhance the performance and generalizability of AI algorithms. Transparent model 

development, explainable AI frameworks, and strict regulatory oversight can facilitate 

clinician trust and ethical deployment in oncology practice.
[18,19,20] 

 

5.6 Reducing Manufacturing and Cost Barriers 

Advances in scalable manufacturing technologies, process optimization, and automation can 

reduce production costs of advanced cancer therapies. Public–private partnerships, policy 

reforms, and global funding initiatives are essential to improve accessibility and reduce 

disparities in cancer care across different regions.
[3,21,22,24] 

 

5.7 Addressing Ethical and Regulatory Concerns 

The establishment of robust ethical guidelines, patient-centered consent frameworks, and 

secure data governance policies can mitigate ethical challenges. Regulatory agencies must 

adopt adaptive approval pathways to keep pace with rapid technological innovation while 

ensuring patient safety and therapeutic efficacy.
[1,3,24]

 

 

6. CONCLUSION 

Recent advances in cancer research have driven major progress in precision oncology through 

innovations in molecular biology, immunotherapy, advanced drug delivery systems, 

molecular diagnostics, artificial intelligence, and nanotechnology. These developments have 
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improved disease characterization, therapeutic targeting, and patient-specific treatment 

strategies. 

 

However, challenges such as tumor heterogeneity, treatment resistance, safety concerns, 

diagnostic limitations, data-related issues in artificial intelligence, high costs, and regulatory 

barriers continue to restrict their broader clinical application. 

 

Overcoming these challenges requires integrated approaches including multi-omics-driven 

personalization, combination therapies, standardized diagnostics, ethical and transparent AI 

implementation, and scalable manufacturing solutions supported by adaptive regulatory 

frameworks. Continued multidisciplinary research and global collaboration are essential to 

translate emerging innovations into accessible and sustainable cancer care. 
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