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Emerging Biomarkers in Early Disease Detection: A Narrative Review 

Original Research 

Abstract 

The early diagnosis of diseases is a fundamental aspect of 

contemporary medicine, crucial for enhancing patient prognosis 

and alleviating healthcare system burdens. Biomarkers—

measurable indicators of biological processes or disease states—

have emerged as pivotal tools in diagnostics. This review focuses 

on novel biomarkers for early detection in cancer, cardiovascular 

diseases, and inflammatory conditions, with a special emphasis 

on liquid biopsies, circulating tumor DNA (ctDNA), cardiac 

troponins, cytokines, and exosome-based markers. Furthermore, 

advancements in omics technologies and artificial intelligence 

are highlighted as transformative in this field. Despite their 

potential, challenges such as validation, standardization, and 

practical integration into clinical workflows persist. Addressing 

these challenges through collaborative research will ensure these 

biomarkers play a central role in disease diagnostics, ultimately 

advancing global healthcare outcomes. 
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Introduction 

Early disease detection is a cornerstone of 

effective healthcare, significantly reducing 

mortality and morbidity while alleviating the 

economic strain on healthcare systems. For 

instance, early-stage cancer detection can 

improve survival rates by up to 90%, compared 

to less than 20% for advanced stages. Similarly, 

timely diagnosis of cardiovascular diseases 

through biomarkers like high-sensitivity 

troponins can reduce the risk of fatal outcomes 

by 50%. These measurable indicators of 

biological or pathological processes have 

become indispensable in modern medicine, 

offering applications in risk stratification, early 

diagnosis, and therapeutic monitoring. [1-3] 

Recent advancements in molecular biology and 

analytical technologies have accelerated 

biomarker discovery, with innovations such as 

circulating tumor DNA (ctDNA), microRNAs 

(miRNAs), and high-sensitivity troponins 

redefining diagnostics in cancer and 

cardiovascular diseases. Inflammatory 

conditions, too, have seen breakthroughs 

through the identification of specific cytokines 

and chemokines, enhancing our understanding 

of disease mechanisms and progression.[4,5] 

This review underscores the transformative 

potential of emerging biomarkers, driven by 

technological advancements in omics, artificial 

intelligence, and point-of-care diagnostics. 

Despite these advancements, challenges such as 

validation, standardization, and clinical 

integration persist. Addressing these issues is 

critical for translating biomarker discoveries 

into routine clinical practice. With continued 

research and collaboration, biomarkers hold the 

promise to revolutionize global healthcare, 

enabling earlier interventions, improved patient 

outcomes, and reduced healthcare costs.  

Review of Biomarkers in Cancer Diagnosis 

 

1. Liquid Biopsies and Circulating 

Biomarkers: 

 Liquid biopsies represent a paradigm shift in 

cancer diagnostics by enabling the detection of 

tumor-derived components in blood or other 

body fluids. Circulating tumor DNA (ctDNA), 

for instance, is a fragment of tumor DNA shed 

into the bloodstream, offering a non-invasive 

means to detect cancer. Advanced technologies 

like next-generation sequencing (NGS) have 

significantly enhanced the sensitivity and 

specificity of ctDNA analysis. This allows for 

the early detection of cancers, monitoring of 

tumor dynamics, and identification of 

therapeutic resistance. 

Circulating Tumor Cells (CTCs), although less 

abundant than ctDNA, provide valuable 

information about tumor progression and 

metastatic potential. The real-time monitoring 

capabilities of these biomarkers make them 

indispensable tools in precision oncology. 

However, challenges such as the rarity of CTCs 

and the high cost of detection technologies 

remain obstacles to widespread clinical 

adoption. [6] 

 

2. Protein-Based Biomarkers: 

Protein-based biomarkers are among the 

earliest forms of cancer diagnostics. Prostate-

specific antigen (PSA), for example, has been 

instrumental in the early detection and 

management of prostate cancer. Similarly, 

Cancer Antigen- 125 (CA-125) and Human 

Epididymis Protein 4 (HE4) are routinely used 

in ovarian cancer diagnostics, aiding in disease 

staging and response evaluation. These proteins 

serve as measurable indicators of tumor burden 

and progression, allowing clinicians to make 

informed treatment decisions. 

Despite their success, protein biomarkers are 

not without limitations. For instance, false 

positives can occur due to non-malignant 

conditions that elevate biomarker levels. 

Advances in proteomics and multi-biomarker 

panels are addressing these challenges by 

improving specificity and reducing diagnostic 

ambiguities. [7-9]  
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3. MicroRNAs (miRNAs): 

MicroRNAs (miRNAs) are tiny, non-coding 

RNA molecules that play a crucial role in 

regulating gene expression. Abnormal miRNA 

patterns have been associated with the 

development and progression of several 

cancers, such as breast, lung, and colorectal 

cancers. Their detection in readily available 

body fluids, including blood and saliva, 

highlights their potential as non-invasive 

diagnostic markers. 

Recent advancements in sequencing 

technologies have enabled the identification of 

cancer-specific miRNA signatures. These 

signatures provide insights into tumor biology, 

including its aggressiveness and metastatic 

potential. Moreover, miRNAs exhibit high 

stability in biological samples, making them 

suitable for use in routine diagnostics. Their 

integration into clinical workflows has the 

potential to revolutionize cancer management 

by enabling early detection and personalized 

therapeutic approaches. [8]  

 

Biomarkers in Cardiovascular Diseases 

(CVDs) 

 

1. Troponins: 

  Troponins, specifically cardiac troponin I 

(cTnI) and T (cTnT), are widely recognized as 

the gold standard for diagnosing myocardial 

infarction. High-sensitivity assays have further 

refined their diagnostic capabilities, allowing 

clinicians to detect even minor cardiac injuries. 

This has been particularly useful in acute 

coronary syndromes, where early identification 

of myocardial damage is critical for guiding 

treatment. 

Beyond acute settings, troponins are 

increasingly being used to monitor chronic 

cardiovascular conditions. Their levels provide 

valuable prognostic information, enabling risk 

stratification and long-term management. 

However, interpreting troponin levels requires 

careful consideration of clinical context to 

avoid misdiagnosis, as elevated levels can also 

be observed in non-cardiac conditions such as 

sepsis or renal dysfunction. [10,11] 

 

2. Natriuretic Peptides: 

B-type Natriuretic Peptide (BNP) and its 

precursor, NT-proBNP, are essential in the 

diagnosis and management of heart failure. 

These biomarkers are released in response to 

ventricular pressure and volume overload, 

making them reliable indicators of cardiac 

dysfunction. Elevated levels are not only 

diagnostic but also prognostic, helping to 

predict outcomes and guide treatment strategies 

in heart failure patients. [12] 

 

3. Inflammatory Biomarkers: 

  Inflammatory processes play a significant role 

in cardiovascular diseases, and biomarkers like 

C-reactive protein (CRP) and interleukin-6 (IL-

6) are valuable in assessing cardiovascular risk. 

High-sensitivity CRP (hs-CRP) has been 

associated with an increased risk of 

atherosclerotic events. These markers provide 

insights into the underlying inflammatory 

mechanisms, enabling early detection and 

intervention. [12-15] 

Biomarkers in Inflammatory Conditions 

 

Inflammatory conditions encompass a 

wide range of diseases characterized by the 

activation of the immune system, often leading 

to tissue damage and systemic effects. 

Biomarkers are essential tools for 

understanding the underlying pathophysiology, 

monitoring disease progression, and guiding 

therapeutic interventions. Key categories of 

inflammatory biomarkers include: 

 

1. Acute Phase Reactants: 

Acute phase reactants (APRs) are 

proteins whose levels in the blood fluctuate 

during inflammatory responses. Notable 

examples include Erythrocyte Sedimentation 

https://paperpile.com/c/dMBKAc/qnaV+6HsG


 

 

44 
 

Rate (ESR) and C-reactive protein (CRP). ESR 

assesses how quickly red blood cells settle at 

the bottom of a tube within a defined 

timeframe. Elevated ESR levels indicate 

systemic inflammation and are used to monitor 

diseases like rheumatoid arthritis and systemic 

lupus erythematosus. CRP is produced by the 

liver in response to inflammatory cytokines 

such as interleukin-6 (IL-6). High-sensitivity 

CRP (hs-CRP) is a more refined measure used 

in cardiovascular and inflammatory diseases. 

The rapid rise and fall of CRP levels make it an 

effective marker for tracking acute 

inflammatory responses and treatment efficacy. 
[16,17] 

 

2. Cytokines and Chemokines: 

  

 Cytokines and chemokines are 

signalling molecules essential for regulating 

immune responses and are key contributors to 

chronic inflammatory diseases. Tumour 

Necrosis Factor-alpha (TNF-α), a pro-

inflammatory cytokine, plays a pivotal role in 

driving inflammation in disorders such as 

rheumatoid arthritis, inflammatory bowel 

disease (IBD), and psoriasis. Targeting TNF-α 

with monoclonal antibodies has revolutionized 

treatment for these diseases. IL-1β mediates 

acute and chronic inflammation, contributing to 

tissue damage and disease progression. IL-1β 

inhibitors are effective in treating 

autoinflammatory syndromes and gout. IL-6 

plays a dual role in promoting inflammation 

and regulating immune responses. Elevated IL-

6 levels are associated with conditions such as 

rheumatoid arthritis, sepsis, and COVID-19. 

IL-6 inhibitors are used to manage severe 

inflammatory conditions. [16-20] 

 

3. Exosome-Based Biomarkers: 

   

Exosomes are tiny extracellular 

vesicles that transport bioactive molecules, 

such as proteins, lipids, and nucleic acids, 

facilitating cell-to-cell communication and 

mirroring the physiological state of their 

originating cells. Exosomes carrying pro-

inflammatory cytokines like Tumour Necrosis 

Factor (TNF-α) and IL-6 act as non-invasive 

biomarkers, aiding in tracking disease 

progression. Their role in diseases such as 

rheumatoid arthritis, multiple sclerosis, and 

Inflammatory Bowel Disease (IBD) is being 

extensively studied. Exosome-based diagnostic 

platforms are emerging, offering promising 

avenues for personalized medicine by detecting 

early molecular changes in inflammatory 

diseases. [21-23] 

Advances in Biomarker Discovery 

 

The discovery and validation of biomarkers are 

undergoing a revolution, driven by 

advancements in technology and a deeper 

understanding of molecular biology. These 

innovations are paving the way for highly 

specific, sensitive, and personalized diagnostic 

tools. 

 

1. Omics Technologies: 

   Omics approaches, encompassing genomics, 

proteomics, and metabolomics, provide 

comprehensive insights into the molecular 

underpinnings of diseases. Focuses on 

identifying genetic variations, such as single 

nucleotide polymorphisms (SNPs) and 

mutations, associated with diseases. For 

example, BRCA1/2 mutations are well-

established genomic biomarkers for breast and 

ovarian cancer risk. Involves studying protein 

expression patterns to identify disease-specific 

biomarkers. Advances in mass spectrometry 

have enabled the identification of low-

abundance proteins that could serve as early 

indicators of diseases like Alzheimer’s and 

Parkinson’s. Examine small molecules in 

biological samples, offering insights into 

metabolic alterations linked to diseases such as 

cancer, diabetes, and cardiovascular conditions. 

Metabolomics has uncovered biomarkers for 

early-stage liver disease and metabolic 

syndrome. [24] 
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2. Artificial Intelligence and Machine 

Learning: 

   

 The application of AI and ML is transforming 

biomarker discovery and validation. AI 

algorithms analyze complex datasets, 

identifying subtle patterns and correlations that 

traditional methods may overlook. ML models 

can predict disease risks based on multi-

biomarker panels, improving diagnostic 

precision. For instance, AI-driven platforms are 

being used to detect early signs of cancer using 

liquid biopsy data. Predictive analytics 

powered by AI has shown promise in 

identifying patients at risk for cardiovascular 

events, enabling proactive interventions. Single 

cell sequencing and analysis techniques have 

advanced our understanding of disease 

heterogeneity. These methods allow 

researchers to identify cell-specific biomarkers 

and pathways involved in disease progression. 

In oncology, single-cell RNA sequencing has 

been used to profile tumor microenvironments, 

uncovering novel therapeutic targets. [25,26] 

 

3. Point-of-Care Testing (POCT): 

  Point-of-care testing (POCT) represents a leap 

forward in bringing diagnostics closer to 

patients. Portable devices and biosensors allow 

for rapid, on-site analysis of biomarkers, 

reducing delays associated with centralized 

laboratory testing. POCT is particularly 

valuable in resource-limited settings, enabling 

timely diagnosis and management of infectious 

diseases, diabetes, and cardiovascular 

conditions. Emerging POCT platforms 

leverage microfluidic technologies, enhancing 

their accuracy and usability.[27]  

 

Challenges and Future Directions: 

 

Despite significant progress in the discovery 

and development of biomarkers, several 

challenges remain in their effective clinical 

application. A primary challenge is the 

validation of biomarkers, which often 

necessitates large-scale, longitudinal studies to 

confirm their specificity and sensitivity in 

diverse patient populations. The process of 

establishing robust validation protocols is 

complex and requires careful consideration of 

potential confounding factors that could 

influence biomarker performance. 

Additionally, standardization of biomarkers 

remains a critical issue, as there is a need to 

ensure consistent and reliable results across 

different laboratories, clinical settings, and 

patient demographics. This variability can 

impact the reproducibility of results, which is 

essential for clinical adoption. Another 

significant barrier is the integration of 

biomarkers into clinical practice. Despite 

promising preliminary data, the clinical utility 

of biomarkers must be rigorously confirmed 

through well-designed clinical trials. These 

trials should aim to demonstrate the 

biomarker’s diagnostic and prognostic value, as 

well as its ability to improve clinical decision-

making. Furthermore, regulatory hurdles and 

the need for cost-effective implementation also 

pose challenges to widespread clinical 

adoption.[28]  

Looking toward the future, overcoming these 

obstacles will require increased 

interdisciplinary collaboration among 

researchers, clinicians, and technologists. The 

synergy between these groups is critical for the 

development of biomarkers that are not only 

scientifically sound but also clinically relevant. 

The application of advanced technologies, such 

as artificial intelligence (AI), machine learning, 

and high-throughput screening platforms, holds 

great promise for accelerating the discovery 

and validation of novel biomarkers. AI-driven 

algorithms, for example, have the potential to 

analyze vast amounts of biological data, 

identify patterns, and predict disease risk with 

unprecedented accuracy. [28-31] 

Furthermore, the future of biomarker research 

is likely to be shaped by the rise of personalized 

medicine. Tailoring diagnostic and therapeutic 

interventions based on individual genetic and 

molecular profiles could lead to more accurate 

early disease detection and the development of 

more effective, personalized treatment plans. 

Such advances could significantly improve 
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patient outcomes, particularly in complex, 

heterogeneous diseases such as cancer and 

cardiovascular conditions. As biomarker 

research continues to evolve, it will play an 

increasingly vital role in transforming disease 

diagnostics, prognostics, and treatment 

strategies. 

Conclusion 

Emerging biomarkers are at the forefront of 

transforming healthcare by enabling earlier and 

more accurate disease detection across various 

medical fields, including oncology, cardiology, 

and immunology. These biomarkers hold 

immense potential to not only improve 

diagnostic precision but also facilitate timely 

interventions and better disease monitoring. 

The future success of biomarkers in clinical 

practice will hinge on overcoming critical 

challenges such as validation, standardization, 

and robust clinical trial confirmation. 

Continued innovation, along with a focus on 

translational research, is crucial for bridging the 

gap between laboratory discoveries and 

practical clinical applications. As research 

progresses, biomarkers will play an 

increasingly pivotal role in shaping 

personalized healthcare, offering the possibility 

to revolutionize global healthcare systems by 

improving patient outcomes, reducing 

healthcare costs, and enabling more efficient 

disease management.  
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