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Introduction: Cancer remains a major global health concern, accounting for nearly 10 million deaths
annually. Despite its complexity and heterogeneity, significant advancements in cancer research
over the past two decades have transformed the landscape of cancer diagnosis, treatment, and
prevention. Notably, the integration of personalized medicine and technological innovations has led
to more precise, effective, and individualized care strategies.

Materials: This review utilized peer-reviewed articles, clinical trial data, and recent meta-analyses
published between 2015 and 2025. Major databases including PubMed, Scopus, and Web of
Science were searched using keywords such as "cancer therapy," "personalized medicine," "cancer
diagnostics," "immunotherapy," and "cancer prevention.

Methods: A systematic review approach was applied, focusing on studies that reported significant
advancements in cancer treatment modalities (e.g., targeted therapy, immunotherapy), diagnostic
technologies (e.g., liquid biopsy, Al-based imaging), and preventive strategies (e.g., vaccination,
genetic screening). Articles were selected based on relevance, impact, and recency, with a preference
for clinical studies and high-impact reviews.

Results: Emerging therapies such as immune checkpoint inhibitors, CAR-T cell therapy, and
molecularly targeted agents have shown improved survival and response rates in several cancer
types. Diagnostic innovations, including next-generation sequencing and non-invasive liquid biopsies,
have enhanced early detection and monitoring of treatment response. Preventive measures, such as
HPV and HBV vaccination and genetic risk profiling, have reduced the incidence of several preventable
cancers. Personalized medicine approaches have enabled treatment decisions based on individual
genetic and molecular profiles, leading to improved therapeutic outcomes and reduced adverse
effects.

Discussion: The integration of genomics, artificial intelligence, and immunotherapy into oncology
practice marks a shift toward precision medicine. While these advances have significantly improved
patient care, challenges such as treatment resistance, access disparities, and the high cost of novel
therapies remain. Continued interdisciplinary research, equitable healthcare policies, and investment
in emerging technologies are essential to fully realize the benefits of modern cancer care.

Cancer therapy; Personalized medicine; Targeted therapy; Cancer diagnostics Vaccination; Artificial
intelligence
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1. Background

Cancer continues to be one of the most significant
global health challenges, representing a major cause
of morbidity and mortality[1]. According to the World
Health Organization, cancer is responsible for nearly
10 million deaths annually[2], making it the second
leading cause of death worldwide. The complexity of
cancer arises from its highly heterogeneous nature,
both between and within tumor types, as well as
its ability to evade immune detection and develop
resistance to therapies over time.

In recent decades, however, there has been
remarkable progress in our understanding of the
molecular and cellular mechanisms that drive cancer
initiation, progression, and metastasis3. These insights
have paved the way for a paradigm shift in how cancer
is diagnosed, treated, and prevented. Traditional
approaches—such as chemotherapy, radiation, and
surgery—have been the mainstay of treatment for
decades, but their non-specificity and associated
toxicities have highlighted the need for more targeted
and patient-specific strategies[3].

One of the most transformative developments in
oncology has been the advent of personalized (or
precision) medicine, which tailors treatment based on
an individual’s genetic, molecular, and environmental
profile. This approach is exemplified by targeted
therapies and immunotherapies, such as checkpoint
inhibitors and CAR-T cell therapy[4], which have
shown unprecedented success in treating certain types
of cancers that were previously deemed difficult to
manage.

In parallel, technological innovations have
revolutionized cancer diagnostics and monitoring.
The integration of next-generation sequencing (NGS),
liquid biopsies, artificial intelligence (AI)[5], and
advanced imaging techniques[6] has significantly
enhanced early detection, prognostic assessment, and
real-time treatment monitoring. These tools not only
enable more accurate and earlier diagnosis but also
facilitate the identification of actionable mutations
and resistance mechanisms, thereby informing clinical
decision-making.

Moreover, progress in cancer prevention strategies,
including the use of prophylactic vaccines (e.g.,
HPV and HBV), lifestyle interventions, and genetic
screening, has further contributed to reducing cancer
incidence and improving population-level outcomes.
The integration of multi-omics data, along with
patient-centered care models, continues to shift cancer
care from a reactive to a proactive and preventive
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approach.

This review aims to summarize and critically
analyze the key advancements in cancer therapy,
diagnostics, and prevention, with a special focus on
emerging personalized approaches and technological
breakthroughs. By exploring the current landscape and
future directions, we hope to provide a comprehensive
understanding of how modern oncology is being
reshaped by innovation, and how these developments
are translating into improved outcomes for patients.

2. Personalized mRNA Cancer Vaccines

Personalized mRNA vaccines have emerged as a
promising therapeutic strategy, leveraging the body's
immune system to target specific tumor antigens.
These vaccines are tailored to individual patients
based on the unique genetic makeup of their tumors.
Clinical trials have demonstrated their potential in
treating cancers such as melanoma, pancreatic, and
head and neck cancers([7].

3. CART-Cell Therapy and Delivery
Innovations

Chimeric Antigen Receptor T-cell (CAR T-cell) therapy
has revolutionized the treatment of hematologic
malignancies[9]. Recent research focuses on enhancing
CAR T-cell efficacy against solid tumors by developing
localized delivery mechanisms, such as hydrogel and
polymeric gel-based systems. These innovations aim
to overcome challenges like tumor heterogeneity and
immune evasion[10].
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Figure 1: In vitro tumor modeling (solid spherical
microparticles)[8]
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4, Artificial Intelligence in Cancer
Diagnostics

Artificial Intelligence (Al) has become integral in

Figure 2: Petri Plate CAR T- Therapy [11]
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oncology, particularly in imaging and risk prediction.
Explainable AI (XAI) techniques, such as SHapley
Additive exPlanations (SHAP), have been employed
to enhance the interpretability of Al models in
breast cancer detection and prognosis[12]. These
advancements aim to improve clinical decision-making
and patient outcomes[13].

5. Nanotechnology in Drug Delivery

Nanotechnology has paved the way for smart
drug-delivery systems that improve the specificity
and efficacy of cancer treatments[15]. Recent
developments focus on the use of nanoparticles with
protein corona to avoid immune system clearance,
enhancing the delivery of chemotherapeutic agents
directly to tumor sites[16].

6. Advances in Radiomics for Thyroid
Cancer

Radiomics, the extraction of large amounts of
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Figure 3: Artificial Intelligence in Cancer Diagnostics[14]

Applied Physiology €20250018/2025 © 2025. The Author(s).



Cancer Research in the 21st Century: Recent Advances and Future Perspectives

Patole et al.

Liposomes

Polymeric micells

Polymeric NPs

Dendrimers

Carbon nanotubes

Mesoporous silicon

Figure 4: Nanotechnology in drug delivery

quantitative features from medical images, has shown
promise in the diagnosis of thyroid cancer[17].
Integrating Al with radiomic analysis of ultrasound
images has improved diagnostic accuracy, though
challenges such as dataset variability and model
interpretability remain[18]. Radiomics has advanced
the diagnostic and prognostic assessment of thyroid
cancer by extracting high-dimensional quantitative
features from imaging modalities such as ultrasound,
CT, and PET/CT[19]. These features are integrated
with machine learning models to predict malignancy,
lymph node metastasis, and molecular subtypes with
high accuracy. Recent studies have demonstrated the
efficacy of radiomics-based nomograms, achieving
AUCs >0.90 for preoperative risk stratification when
combined with clinical and genomic data[20.] Despite
its promise, challenges remain in standardization,
multicenter validation, and clinical translation.

7. Cancer Prevention and Lifestyle
Modifications

Preventive strategies play a crucial role in
reducing cancer incidence[22]. Evidence-based

recommendations include adopting a diet rich in fruits,
vegetables, whole grains, and plant-based oils, while
minimizing red and processed meats. Regular physical
activity, maintaining a healthy weight, avoiding
tobacco, and limiting alcohol consumption are also
essential preventive measures[23].

8. Impact of COVID-19 on Cancer
Diagnosis

The COVID-19 pandemic significantly disrupted
healthcare services, leading to a substantial number of
missed cancer diagnoses. A WHO study estimated that
around one million cancer cases were missed globally
during lockdowns, underscoring the need for resilient
healthsystems and timely screenings[24].

9. Conclusion

Recent advancements in cancer research have
significantly transformed the landscape of oncology,
paving the way for the widespread implementation
of personalized and precision medicine. Through the
integration of genomic profiling, immunotherapy,
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Figure 5: Presents the radiomics workflow in thyroid cancer, detailing steps from image acquisition and ROI
segmentation to feature extraction, model development, and validation, highlighting its role in predicting malignancy
and lymph node metastasis[21]
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Figure 6: Advances in Radiomics for Thyroid Cancer
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Figure 7: Impact Of COVID -19 on cancer Dignosis

advanced diagnostic technologies, and data-driven
clinical decision-making, modern cancer care is
becoming increasingly tailored to individual patient
profiles. These developments have led to improved
diagnostic accuracy, more effective therapeutic
strategies, and enhanced preventive measures.
Despite persistent challenges—such as therapeutic
resistance, limited accessibility, and the complexity
of tumor heterogeneity—ongoing multidisciplinary
research and technological innovation continue
to drive progress. As our understanding of cancer
biology deepens, and as translational research bridges
laboratory findings with clinical application, the future
of cancer management holds the promise of more
precise, effective, and equitable outcomes for patients
worldwide.

10. Future Perspectives

Looking ahead, the future of cancer research and
clinical practice is expected to be increasingly
interdisciplinary, data-driven, and patient-centered.
Key areas of focus include:
e Integration of Multi-Omics Data
o Combining genomics, transcriptomics,
proteomics, and metabolomics to provide
a holistic view of tumor biology and guide
individualized therapy.
¢ Real-Time Monitoring and Adaptive Therapy
o Use of liquid biopsies and Al algorithms to
dynamically assess tumor evolution and adapt

treatment regimens in real time.
¢ Expanded Use of Al and Digital Pathology
o Further adoption of Al-powered diagnostic
tools and image analysis to reduce diagnostic
errors and improve workflow efficiency.
* Development of Universal Biomarkers
o Identification of robust, tumor-agnostic
biomarkers for predicting treatment response
and resistance mechanisms.
¢ Equitable Access and Global Implementation
¢ Efforts to reduce disparities in cancer care by
making diagnostic tools and novel therapies more
accessible in low- and middle-income countries.
¢ Personalized Prevention Strategies
e Leveraging genomic risk scores, behavioral data,
and environmental factors to design individualized
cancer prevention plans.
* Next-Generation Immunotherapies
¢ Advancements in neoantigen vaccines, bispecific
antibodies, and engineered T-cell therapies to target
resistant or immune-evasive tumors.
e Sustainable and Cost-Effective Innovation
¢ Emphasis on cost-effectiveness and value-based
care to ensure long-term sustainability of advanced
therapies in healthcare systems.
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