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ABSTRACT

Despite steady progress in early detection and treatment, cancer remains a severe global health crisis. Indeed, both incidence and mortality rates continue to climb.
Standard options like surgery, chemotherapy, and radiation therapy still serve as the foundation of patient care. However, systemic toxicity, poor target specificity,
and drug resistance frequently compromise their success. They are simply not enough. Recently, the development of novel therapies targeting precise molecular
and immunological pathways has accelerated. These innovations span immunotherapy, gene therapy, nanomedicine, targeted agents, and precision oncology.
Their shared goal is simple: maximize patient survival while minimizing debilitating side effects. This review evaluates key oncology developments emerging
since 2023. We examine how these therapies function, their clinical utility, current roadblocks, and future outlooks. Ultimately, combining multidisciplinary

strategies with cutting-edge technology will likely reshape oncology, paving the way for highly individualized and effective patient care.
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INTRODUCTION

Cancer ranks among the most severe global health threats, claiming millions of lives annually and straining clinical resources worldwide. Traditional
approaches like chemotherapy, radiation, and surgery have long served as the frontline defence. However, they lack precision. Because these therapies

target all fast-dividing cells, healthy tissues suffer immense collateral damage [1,2].

Recent breakthroughs in molecular biology have changed this landscape. By mapping tumour genomics, researchers can now pinpoint the exact
pathways driving cancer growth. This knowledge has accelerated the development of targeted therapies and immunotherapies, which offer greater
precision and fewer side effects [3,4]. Immunotherapy, in particular, has reshaped modern oncology. It trains the patient's own immune system to

identify and destroy cancer cells, yielding long-lasting recovery in several patient populations [5].

At the same time, cutting-edge tools are reshaping patient care. Gene editing, nanotech-based drug delivery, and Al-powered precision medicine allow
clinicians to design highly individualized treatment plans [6-8]. This clinical personalization improves patient outcomes while sparing them from
ineffective treatments. Yet, major obstacles persist. Drug resistance, tumour evolution, prohibitive costs, and unequal access to care continue to obstruct

progress [9,10]. Addressing these barriers requires a unified effort to discover and adopt next-generation therapies.

This review examines modern oncology's emerging treatments. We analyse their underlying mechanisms, clinical utility, current roadblocks, and future

directions.

METHODOLOGY

A systematic literature review was conducted using electronic databases including PubMed, Scopus, Web of Science, and ScienceDirect to identify

2 cr

relevant studies published between January 2023 and March 2026. Search terms included “cancer therapeutics,” “immunotherapy,

2 .

targeted therapy,”

2

“gene therapy,” “nanomedicine,” and “precision oncology,” combined using Boolean operators.

Inclusion criteria comprised peer-reviewed original research articles, systematic reviews, and clinical trials focusing on novel cancer therapies. Articles
published prior to 2023, non-English publications, and studies lacking methodological rigor were excluded. Data were extracted and synthesized
qualitatively, with emphasis on therapeutic mechanisms, clinical efficacy, and safety profiles. Preference was given to high-quality evidence such as

randomized controlled trials and systematic reviews [1,2]
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TRADITIONAL CANCER TREATMENTS: AN OVERVIEW

Standard clinical oncology still relies heavily on conventional cancer therapies, especially when managing localized or early-stage malignancies. For
solid tumors, surgical resection represents the primary line of defence. It can cure the patient if the surgeon achieves complete tumor removal. But
metastasis changes everything. Once the disease spreads, surgery's effectiveness drops sharply [11]. Chemotherapy relies on cytotoxic agents. These
drugs aggressively attack rapidly dividing cells. Although they successfully shrink tumor mass, patients pay a heavy price. Systemic toxicities like
myelosuppression, gastrointestinal distress, and hair loss remain major challenges [12,13].

Radiotherapy damages cancer cell DNA using ionizing radiation, leading to cell death. Modern techniques like intensity-modulated radiotherapy
(IMRT) offer better precision. Even so, protecting healthy tissue from radiation damage is an ongoing struggle [14,15]. These standard options are
widely used. Yet, they face steep hurdles. Tumors are heterogeneous, adapt quickly to build resistance, and these therapies lack specificity.
Consequently, researchers must design more targeted options [16,17].

TARGETED THERAPY

By selectively disrupting the molecular pathways that fuel tumor development, targeted therapy has redefined modern cancer treatment. It works on
specific biological markers. These include epidermal growth factor receptor (EGFR), vascular endothelial growth factor (VEGF), and tyrosine kinases.
Clinicians primarily use monoclonal antibodies and small-molecule inhibitors to achieve this selective inhibition [18-20]. The clinical benefits are clear.
Solid therapeutic results have been documented in breast, colorectal, and non-small cell lung cancers [21]. However, tumors often adapt. Resistance
mechanisms—frequently driven by genetic mutations and pathway redundancy—can degrade treatment durability over time [22].

The field must evolve. Designing bispecific antibodies and antibody-drug conjugates will be essential to improve targeting accuracy and overcome
therapy evasion [23,24].

IMMUNOTHERAPY

By training the body's immune system to identify and eliminate malignant cells, immunotherapy has fundamentally transformed oncology. It works.
Clinicians have seen outstanding results across various cancer types using immune checkpoint inhibitors that target the PD-1, PD-L1, and CTLA-4
pathways [25,26]. Similarly, hematological malignancies have responded remarkably well to chimeric antigen receptor T-cell (CAR-T) therapy [27].
To boost anti-tumor immune activity, researchers also utilize cancer vaccines and cytokine therapies. However, these approaches still face hurdles
regarding patient toxicity and inconsistent efficacy [28,29]. Newer methods, including bispecific T-cell engagers and tumor-infiltrating lymphocytes,
are currently undergoing clinical evaluation [30]. Yet, challenges persist. Immunotherapy often triggers immune-related side effects, and patient
response rates remain highly unpredictable [31].

ONCOLOGICAL GENE THERAPY

Correcting or wiping out malignant cells through genetic modification introduces a powerful paradigm for cancer care. Several tools make this possible.
Specifically, scientists employ gene replacement, gene silencing, and CRISPR-Cas9 genome editing [32,33]. Another avenue involves oncolytic viruses,
which infect tumor cells to trigger their destruction and awaken the immune system [34]. This approach holds immense promise. However, widespread
clinical use hinges on solving major problems like delivery vehicle efficiency, off-target activity, and ethical concerns [35,36].

NANOMEDICINE AND DRUG DELIVERY SYSTEMS

Cancer therapy is significantly improved by nanomedicine, which refines how drugs are delivered while minimizing overall toxicity to the body. Using
liposomes, dendrimers, and polymeric carriers, nanoparticles facilitate targeted delivery via both active and passive pathways [37—41]. Tumour tissues
accumulate these particles naturally through the enhanced permeability and retention (EPR) effect [42]. Many nano formulations have already cleared
clinical hurdles. They show better pharmacokinetics and fewer side effects. Even so, challenges persist. Issues like toxicity, manufacturing scalability,
and complex regulatory pathways must still be addressed [43,44].

PRECISION ONCOLOGY

By analysing genomic and molecular profiles, precision oncology customizes cancer therapy for the individual. Actionable mutations are identified
through next-generation sequencing, while appropriate therapies are selected using specific biomarkers [45,46]. Data interpretation is now driven by
artificial intelligence, which streamlines clinical decisions [47,48]. Real-time monitoring is possible. Modern approaches like liquid biopsy and multi-
omics integration allow physicians to adjust treatments on the fly [49]. Still, hurdles exist. Implementation remains both expensive and operationally
complex [50].
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COMBINATION THERAPIES

Integrating various treatment methods allows clinicians to boost therapeutic impact while simultaneously addressing treatment resistance. Approaches
frequently involve pairing immunotherapy alongside radiotherapy, chemotherapy, or precision-targeted treatments [51-53]. By attacking multiple
pathways at once, dual-targeting methods often yield superior patient outcomes [54]. Despite these gains, clinicians must account for elevated toxicity
levels, complex drug interactions, and substantial financial burdens [55,56].

CURRENT BARRIERS

Modern oncology faces a series of complex difficulties that remain unsolved. Primary concerns are tumour diversity and the development of therapeutic
resistance. Patients often face severe treatment toxicities, while systemic issues like high expenses and lack of availability hinder care delivery. There is
also a notable lag in turning research breakthroughs into real-world medicine, compounded by ongoing regulatory and ethical debates. A concerted,
multi-field effort is vital to closing these gaps [57-62].

FUTURE OUTLOOK

Oncology is shifting toward high-tech modalities like bispecific antibodies, mRNA platforms, and antibody-drug conjugates [63]. By incorporating
machine learning, clinicians can achieve greater precision in diagnosis and strategy [64]. Advances in multi-omics will eventually unlock bespoke
therapy designs, complemented by nanotechnology that enhances drug delivery precision [65-67]. Ultimately, the trajectory of cancer care hinges on
solving logistical hurdles and ensuring these advancements reach patients in need [68].

CONCLUSION

Modern oncology has pivoted away from conventional models toward more sophisticated therapeutic strategies. By incorporating immunotherapy,
precision medicine, and gene therapy, the medical community has boosted efficacy and patient outcomes significantly. Despite such progress,
researchers must still contend with persistent barriers, specifically regarding treatment toxicity, financial accessibility, and biological resistance. Future
success relies on consistent research and the application of emerging technologies to bridge these gaps. In essence, these developments mark a
definitive shift toward precision-based care, bringing renewed optimism for patient survival and long-term health [69,70].
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