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Abbreviation 

AI: Artifi cial Intelligence; CA: Cancer Antigen; cfDNA: Cell-
free DNA; CTC: Circulating Tumor Cell; ctDNA: Circulating 
Tumor DNA; dMMR: Mismatch Repair Defi ciency; EBV: 
Epstein-Barr Virus; EMR: Electronic Medical Record; FDA: Food 
and Drug Administration; FFPE: Formalin-Fixed Paraffi n-
Embedded

Introduction 

Cancer is a complex and heterogeneous disease responsible 
for nearly 10 million deaths annually [1]. Early detection and 
prevention are critical to reducing cancer-related morbidity 
and mortality. The World Health Organisation (WHO) 

emphasises that up to 30% – 50% of cancers can be prevented 
by addressing risk factors such as smoking, poor diet, and 
lack of physical activity (WHO 2020). Advances in genomics, 
imaging, and molecular diagnostics have enhanced our ability 
to identify cancer at precancerous or early stages, improving 
survival rates [2]. The integration of multi-omics approaches, 
including genomics, proteomics, and metabolomics, has 
provided deeper insights into cancer biology, enabling the 
development of targeted therapies and personalised screening 
protocols [3]. Additionally, the rise of AI and machine learning in 
oncology has improved diagnostic accuracy and risk prediction 
models [4]. This review highlights recent developments in 
cancer detection technologies and evidence-based prevention 
strategies, emphasising the need for equitable implementation 
to reduce global cancer disparities (Figure 1).
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Current strategies in cancer detection

Imaging-based detection 

Imaging techniques such as mammography, Computed 
Tomography (CT), and Magnetic Resonance Imaging (MRI) 
remain foundational tools in cancer screening and diagnosis. 
Low-dose CT (LDCT) has demonstrated a 24% reduction in lung 
cancer mortality and a 20% reduction in all-cause mortality 
among high-risk smokers, as shown in the NELSON trial 
and confi rmed by subsequent meta-analyses [5]. In prostate 
cancer, multiparametric MRI (mpMRI) has improved diagnostic 
precision by increasing detection of clinically signifi cant tumors 
while reducing unnecessary biopsies by up to 28%, according 
to the PRECISION trial [6]. Emerging modalities, such as PET-
MRI, offer enhanced soft tissue characterisation and functional 
imaging in a single session, which is particularly promising for 
staging cancers like prostate and head-and-neck malignancies. 
Contrast-enhanced Ultrasound (CEUS) is gaining traction in 
liver and breast cancer evaluation due to its low cost and safety 
profi le, especially in patients contraindicated for iodinated or 
gadolinium-based contrast agents. 

Despite these advances, barriers remain, particularly in 
low- and middle-income countries due to limited access, 
infrastructure challenges, and high operational costs. Radiation 
exposure is also a concern, particularly with repeated CT scans. 
To address these limitations, AI-powered image analysis tools 
are being integrated into diagnostic workfl ows to improve 
accuracy, reduce interpretation variability, and optimise 
workfl ow effi ciency. Deep learning algorithms, trained on tens 

of thousands of annotated images, are now achieving diagnostic 
accuracy comparable to expert radiologists in tasks such as 
mammogram interpretation and lung nodule classifi cation [7].

Liquid biopsies and circulating biomarkers

Liquid biopsies, which detect circulating tumor DNA (ctDNA), 
Circulating Tumor Cells (CTCs), and exosomes, offer a non-
invasive approach to cancer monitoring [8]. These methods are 
particularly valuable for detecting Minimal Residual Disease 
(MRD) and monitoring treatment response in real time [8]. For 
example, ctDNA analysis has been successfully used to track 
mutations in colorectal and breast cancers, guiding precision 
therapy adjustments. Despite their promise, challenges such as 
low tumor DNA fraction in blood, technical variability, and high 
costs remain barriers to widespread clinical implementation 
[9]. Ongoing research focuses on improving sensitivity through 
novel sequencing techniques and integrating multi-analyte 
approaches (e.g., combining ctDNA with protein biomarkers) 
[10] (Figures 2,3).

Cancer prevention strategies

Lifestyle modifi cations

Lifestyle factors play a signifi cant role in cancer prevention, 
with research suggesting that up to 40% of cancers could 
be avoided through behavioural changes [11]. Tobacco use 
remains the leading preventable cause of cancer, contributing 
to malignancies of the lung, bladder, and pancreas [12]. Public 
health initiatives promoting smoking cessation, such as 
taxation and public smoking bans, have demonstrated success 

Figure 1: Globocan 2022, Global Cancer, and fact sheet (Source: https://www.cancer.org).
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in reducing cancer incidence over time. Additionally, dietary 
modifi cations, including increased consumption of fruits, 
vegetables, and whole grains, have been associated with a 
lower risk of colorectal and gastric cancers [13].

Physical inactivity and obesity are also major contributors 
to cancer development, particularly for breast, colon, and 
endometrial cancers [14]. Regular exercise has been shown 
to reduce systemic infl ammation and insulin resistance, 
both of which are linked to tumor progression. Public 
health campaigns encouraging weight management and 
physical activity, alongside policies promoting healthier food 
environments, are essential for reducing the global cancer 
burden. Further research is needed to optimise personalised 
lifestyle interventions based on genetic and metabolic profi les.

Vaccination and chemoprevention

Vaccination has emerged as a powerful tool in preventing 
virus-associated cancers. The Human Papillomavirus (HPV) 
vaccine has signifi cantly reduced the incidence of cervical, 
oropharyngeal, and anal cancers, with studies showing 

near-elimination of HPV-related precancerous lesions in 
vaccinated populations [15]. Similarly, the hepatitis B vaccine 
has contributed to a marked decline in liver cancer rates in 
endemic regions. Global efforts to expand vaccination coverage, 
particularly in low- and middle-income countries, remain 
critical for cancer prevention. Chemoprevention strategies 
have also shown promise in high-risk populations. Selective 
oestrogen Receptor Modulators (SERMs) like tamoxifen reduce 
breast cancer incidence by up to 50% in women with elevated 
risk [16]. Aspirin, through its anti-infl ammatory effects, 
has been associated with a reduced risk of colorectal cancer, 
though its long-term use must be balanced against bleeding 
risks. Future research should focus on identifying biomarkers 
to better stratify individuals who would benefi t most from 
these interventions while minimizing side effects.

Challenges and future directions

Barriers to implementation

Despite advancements in cancer detection and prevention, 
signifi cant challenges hinder widespread adoption. False 
positives in screening programs, such as mammography and 
PSA testing, can lead to unnecessary biopsies, overtreatment, 
and patient anxiety [17]. Additionally, disparities in access 
to early detection technologies persist, with marginalised 
populations and low-income countries facing limited 
availability of advanced diagnostics [18]. Addressing these 
inequities requires policy reforms, increased funding for 
global health initiatives, and the development of low-cost 
screening tools. The high cost of emerging technologies, such 
as liquid biopsies and Multi-cancer Early Detection (MCED) 
tests, further limits their accessibility [19]. While these 
innovations hold promise for improving outcomes, their cost-
effectiveness must be rigorously evaluated to justify widespread 
implementation. Collaborative efforts between governments, 
healthcare systems, and private sectors are needed to ensure 
that breakthroughs in cancer care benefi t all populations, not 
just those in high-resource settings.

Emerging technologies and research priorities

The integration of Artifi cial Intelligence (AI) into oncology 
holds immense potential for refi ning early detection and 
risk stratifi cation. Machine learning algorithms can analyse 
vast datasets from imaging, genomics, and electronic health 
records to identify high-risk individuals with greater precision 
[19]. However, challenges such as algorithmic bias, data 
privacy concerns, and the need for large-scale validation 
studies must be addressed before AI-driven tools can be 
widely adopted in clinical practice. Future research should 
also prioritise multi-omics approaches that combine genomic, 
proteomic, and metabolomic data to uncover novel biomarkers 
for early cancer detection [20]. Additionally, expanding 
global screening programs, particularly for cancers with 
high mortality rates, such as liver and gastric cancers, will 
require innovative strategies tailored to low-resource settings. 
Collaborative international research initiatives and public-
private partnerships will be essential for translating scientifi c 
discoveries into real-world impact.

Figure 2: Circulating biomarkers in a CRC patient (A) and the clinical application of 
liquid biopsy (B). Source: (DOI: 10.18632/oncotarget 17184).

Figure 3: Various Cancer Images (Early Cancer Diagnosis through AI: A 
Transformative Approach) (Source: https://link.springer.com/article/10.1007/
s11831-024-10209-0/fi gures/3.
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Discussion 

Recent advancements in cancer detection have 
demonstrated signifi cant improvements in early diagnosis and 
patient outcomes. Liquid biopsies, particularly those analysing 
circulating tumour DNA (ctDNA), have shown promising 
sensitivity in detecting certain cancer types at early stages. 
For example, a detection sensitivity exceeding 90% has been 
reported in specifi c studies for cancers such as advanced-
stage lung and colorectal cancer, though sensitivity remains 
lower for others like early-stage pancreatic or ovarian cancer 
[8]. Imaging technologies, such as low-dose CT for lung 
cancer screening, have reduced mortality by 20% in high-
risk populations. Recent advances in AI-assisted diagnostics, 
particularly those using deep learning algorithms such as 
Convolutional Neural Networks (CNNs), have improved the 
accuracy of mammography interpretation and digital pathology 
slide analysis. These models are typically trained on large 
datasets, often comprising tens of thousands of annotated 
images, to ensure robust performance. Reported improvements 
in diagnostic accuracy include increases in sensitivity and 
reductions in false positives, although model performance can 
vary depending on data quality and external validation [19]. 
Multi-cancer Early Detection (MCED) tests, though still under 
investigation, have shown promise in identifying tumours with 
no standard screening options, potentially revolutionising 
population-level cancer screening [21].

In prevention, large-scale studies have confi rmed the 
effi cacy of lifestyle modifi cations. For instance, comprehensive 
smoking cessation programs, including pharmacologic and 
behavioural strategies, have reduced lung cancer incidence by 
up to 30% in high-risk populations over 5–10 years [22]. HPV 
vaccination has led to a dramatic decline in cervical precancerous 
lesions, particularly when administered before the onset 
of sexual activity. The vaccine is most effective when given 
between the ages of 9 and 14, with diminished effectiveness in 
older adolescents and adults. In well-vaccinated cohorts of this 
younger age group, near elimination of high-grade cervical 
lesions has been observed [23]. Chemoprevention strategies, 
such as daily low-dose aspirin (100 mg) for Lynch syndrome 
patients and tamoxifen in women with a ≥ 1.7% 5-year risk of 
breast cancer (as per the Gail Model), have shown signifi cant 
risk reductions in large trials like CAPP2 and IBIS-I, though 
identifying optimal candidates remains a challenge [24]. 
These fi ndings underscore the importance of combining 
early detection with primary prevention for maximal impact 
on cancer burden. Despite these advances, several challenges 
persist. False-positive rates in screening programs remain 
problematic, leading to unnecessary procedures and patient 
anxiety. Health disparities in access to these technologies are 
stark, with low-income populations and developing nations 
having signifi cantly lower screening uptake [25]. Additionally, 
the high cost of novel detection methods limits their 
widespread implementation, highlighting the need for cost-
effectiveness analyses and innovative fi nancing models [26]. 
Future research must address these barriers while continuing 
to refi ne detection technologies and expand evidence-based 
prevention strategies to diverse populations worldwide.

Conclusion

Comprehensive cancer detection and prevention require 
a multifaceted approach that integrates cutting-edge 
technologies, evidence-based interventions, and equitable 
healthcare policies. Advances in liquid biopsies, AI-driven 
diagnostics, and vaccination programs have transformed 
the landscape of oncology, offering new hope for early 
intervention and improved survival rates. However, challenges 
such as accessibility, cost, and the need for personalised risk 
assessment remain critical barriers to overcome. Moving 
forward, a concerted global effort is needed to ensure that 
innovations in cancer care reach underserved populations. By 
prioritising research, fostering international collaboration, and 
implementing targeted public health strategies, we can reduce 
the global burden of cancer and move closer to a future where 
early detection and prevention are universally accessible. 
Continued investment in science and healthcare infrastructure 
will be paramount to achieving these goals.
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