
International Journal of Clinical Oncology and Cancer Research 

2026, Vol. 11, No. 2, pp. 43–47 

https://doi.org/10.11648/j.ijcocr.20261102.12  

 

 

 

Received: 20 June 2026; Accepted: 2 July 2026; Published: 24 July 2026 

 

Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed 

under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which 

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited. 
 

Research Article 

Proteomics in Cancer Detection and Treatment: Biomarker 

Discovery and Personalized Medicine 

Muhammad Ahsan*  

Department of Biotechnology, Pak-Austria University, Haripur, Pakistan 

 

Abstract 

Proteomics has emerged as a transformative field in cancer research by providing comprehensive insights into protein expression, 

structure, function, interactions, and post-translational modifications associated with tumor development and progression. Cancer 

is a complex and heterogeneous disease influenced by genetic, molecular, cellular, tissue, environmental, and socioeconomic 

factors that continuously evolve throughout disease progression. Despite remarkable advances in cancer diagnosis and treatment, 

the disease remains one of the leading causes of mortality worldwide, highlighting the need for more accurate diagnostic 

biomarkers and personalized therapeutic approaches. This review aims to examine the role of proteomics in cancer biomarker 

discovery and its contribution to the development of personalized medicine for cancer detection and treatment. The review is 

based on published literature describing recent advances in proteomic technologies, cancer biomarker identification, 

proteogenomics, and precision oncology. Current evidence demonstrates that proteomics has significantly improved the 

identification of reliable biomarkers for early cancer detection, tumor classification, prognosis, therapeutic target discovery, and 

treatment monitoring. Furthermore, integration of proteomics with genomic data has enhanced understanding of cancer 

progression and individualized therapy. Overall, proteomics represents a powerful platform for advancing cancer diagnosis, 

biomarker discovery, and personalized medicine. 
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1. Introduction 

Cancer is a complex, heterogeneous disease modulated by 

a wide spectrum of factors, such as genetic, molecular, cellular, 

tissue, population, environmental and socioeconomic factors, 

which evolve with time. Cancer was responsible for almost 10 

million deaths in 2020 [1, 2], making it the second most com-

mon cause of death worldwide. Currently 9/10 of the top 

pharma companies have a focus on cancer therapeutics, breast 

cancer (BC) being the leading target. 

Whilst there has been success in reducing mortality in some 

cancers [2], the updated Globocan 2020 report released by the 

International Agency for Research on Cancer (IARC) indi-

cates that the global cancer burden has risen to 19.3 million 

cases and is predicted to rise to 30.3 million cases by 2040. 

Faced with this multifaceted global health issue, many re-

search efforts have focused on the underlying disease biology 

and the development of innovative new treatments. 
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Whilst the traditional “one-size-fits-all” non-precision ap-

proach to patient care using surgery, chemotherapy, radiother-

apy and immunotherapy has achieved some therapeutic effi-

cacy, many problems still have to be overcome, including re-

currence [3], often associated with drug resistance [4], which 

facilitates tumor metastasis [5, 6] and eventually promotes 

cancer progression [7]. 

And in this context proteomics plays a crucial role in chang-

ing this “one-size fits-all” approach by developing personal-

ized medicine for specific individual with specific type of can-

cer. Proteomics is the large-scale study of proteins, particu-

larly their structures, functions, interactions, and expression 

patterns within a cell, tissue, or organism under specific con-

ditions. It aims to understand how proteins influence biologi-

cal processes and disease mechanisms [8]. 

Proteomics leads to discovery of cancer biomarkers (bi-

omarker may be defined as a specific characteristic that can be 

measured as an indicator of normal biological processes, path-

ogenic processes or responses to an exposure or intervention 

[10] that are used to indicate the location and type of cancer 

and by using these cancer biomarkers proteomics also leads to 

development of specific personalized medicine against that 

type of cancer. 

2. Literature Review 

Cancer remains one of the most serious global health chal-

lenges, affecting millions of people every year and contrib-

uting significantly to worldwide mortality rates [1, 2]. Despite 

remarkable advances in chemotherapy, targeted therapies, and 

immunotherapy, many cancers eventually develop resistance 

to treatment. In some cases, therapeutic interventions may 

even contribute to disease progression or metastatic spread [4, 

5]. These ongoing challenges have encouraged researchers to 

look beyond genomic information and focus on proteomics, 

the large-scale study of proteins, which provides a more direct 

understanding of the biological processes occurring within 

cancer cells [8]. 

The field of cancer proteomics began to gain momentum 

when Aebersold and Mann highlighted the potential of mass 

spectrometry-based technologies for analyzing entire protein 

networks within biological systems [8]. Their work estab-

lished proteomics as a powerful tool for investigating disease 

mechanisms at the molecular level. Around the same time, 

Veenstra emphasized the importance of proteins in cancer bi-

omarker discovery, noting that proteins are not only responsi-

ble for carrying out most cellular functions but are also the 

primary targets of many therapeutic drugs [9]. 

Unlike the genome, which remains relatively stable 

throughout an individual's life, the proteome is highly dy-

namic and constantly changes in response to disease progres-

sion, environmental factors, and treatment pressures. Because 

of this, proteins often provide a more accurate representation 

of a tumor's current biological state than genetic information 

alone [8, 9]. Califf further stressed that biomarkers intended 

for clinical use must undergo rigorous validation and stand-

ardization before they can reliably guide patient care, a prin-

ciple that continues to shape translational proteomics research 

today [10]. 

A major breakthrough in the field came from the proteoge-

nomic study conducted by Mertins and colleagues, who inte-

grated genomic, proteomic, and phosphoproteomic data to in-

vestigate breast cancer [11]. Their work demonstrated how ge-

netic mutations influence protein signaling pathways within 

tumors, revealing the functional consequences of genomic al-

terations. This study highlighted an important concept in pre-

cision oncology: identifying a mutation is only the first step. 

Proteomics helps determine whether that mutation is biologi-

cally active, whether it affects key signaling pathways, and 

whether it can be effectively targeted with specific therapies. 

Such information is essential for developing truly personal-

ized treatment strategies [11]. 

Recent advances have pushed proteomics even further 

through the development of single-cell proteomic technolo-

gies [14]. These emerging approaches allow researchers to an-

alyze proteins within individual cells, uncovering the exten-

sive heterogeneity that exists within tumors [12]. This is par-

ticularly important because small populations of therapy-re-

sistant cells often survive treatment and eventually drive dis-

ease recurrence and metastasis. 

By identifying these aggressive cell populations at an early 

stage, single-cell proteomics may provide new opportunities 

for improving treatment outcomes [13]. The growing im-

portance of proteomics in oncology has led many researchers 

to view it as a cornerstone of personalized medicine. Su and 

colleagues emphasized that proteomic profiling enables clini-

cians to classify tumors based on their actual protein expres-

sion patterns rather than relying solely on genetic mutations 

or traditional pathological assessments [13]. This approach al-

lows treatments to be tailored more precisely to the molecular 

characteristics of each patient's disease. 

Beyond diagnosis, proteomics is increasingly influencing 

therapeutic decision-making. Comprehensive protein profil-

ing can identify dysregulated signaling pathways, reveal po-

tential drug targets, and predict patient responses to specific 

treatments. As a result, clinicians may be able to select thera-

pies with greater accuracy while avoiding ineffective treat-

ments that expose patients to unnecessary toxicity. In this way, 

proteomics is evolving from a biomarker discovery platform 

into a valuable tool for guiding cancer treatment and monitor-

ing therapeutic response. 

Looking toward the future, advances in artificial intelli-

gence, high-resolution mass spectrometry, and large-scale col-

laborative research initiatives are expected to further acceler-

ate progress in cancer proteomics. The ultimate goal is to in-

corporate proteomic profiling into routine clinical practice, 

enabling continuous monitoring of disease progression, treat-

ment response, and early signs of relapse. However, several 

important challenges must still be addressed before this vision 

can be fully realized. 
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2.1. Cancer Proteogenomics: Highlighting Use 

of Proteomics Along with Genomics for 

Personalized Cancer Drugs Development 

Cancer proteogenomic is the powerful approach that com-

bines the genomics and proteomics together for the detection 

of cancer and development of personalized drug against it. Ge-

nomics (study of genome) shows the mutations that took place 

in an organism while proteomics (study of protein structure 

function and interaction) describes that how mutation trans-

form a normally functioning protein into a cancerous protein 

either by its interaction with abnormal protein or protein con-

version into cancerous protein by post-translational modifica-

tions such as methylation, lapidating or poly-acetylation etc. 

Proteomics fills the gap between the mutations identified by 

the application of genomic and protein conversion to cancer-

ous proteins. 

For instance, in breast cancer research by the Clinical Pro-

teomic Tumor Analysis Consortium (CPTAC), proteoge-

nomics analysis revealed distinct protein expression patterns 

in basal-like tumors that were not evident through genomics 

alone. This led to the identification of new drug targets and 

helped stratify patients more accurately for treatments such as 

AKT inhibitors. Similarly, in lung and ovarian cancers, inte-

grating proteomic data with genomic sequencing has exposed 

mechanisms of drug resistance and uncovered potential bi-

omarkers for treatment response [11]. 

These findings highlight the value of proteogenomics in tai-

loring cancer therapies to individual patients, ultimately ad-

vancing the development of precision oncology [16]. 

2.2. Challenges in Clinical Translation of 

Cancer Proteomics 

2.2.1. Analytical Complexity and Reproducibility 

Proteomic studies generate vast amounts of complex data, 

making analysis and interpretation challenging. Differences in 

sample preparation methods, instrument performance, and 

computational workflows can result in variability between 

studies, limiting reproducibility and confidence in findings 

[11-13]. Establishing standardized protocols and quality con-

trol measures is therefore essential for ensuring reliable and 

comparable results across laboratories. 

2.2.2. Clinical Validation and Regulatory Approval 

The discovery of a potential biomarker is only the first step 

in a lengthy translational process. Biomarkers must be vali-

dated in large and diverse patient populations before they can 

be adopted in clinical practice [15]. In addition, obtaining reg-

ulatory approval often requires extensive evidence of clinical 

utility, making the process both time-consuming and costly 

[10]. Consequently, many promising proteomic biomarkers 

fail to reach routine clinical application. 

2.2.3. Tumor Heterogeneity and Sample Collection 

Cancer is a highly heterogeneous disease, with substantial 

variation occurring both within individual tumors and among 

patients [11-13]. This complexity makes it difficult to obtain 

representative tissue samples and accurately characterize tu-

mor biology. Although minimally invasive approaches such 

as liquid biopsy show great promise, challenges related to 

sample quality and sensitivity remain significant barriers to 

widespread implementation. 

2.2.4. Cost and Limited Accessibility 

Advanced proteomic technologies require expensive instru-

mentation and highly specialized expertise. As a result, access 

to state-of-the-art proteomic analysis is currently limited to 

well-funded research institutions and specialized medical cen-

ters [12, 13]. Reducing costs and simplifying workflows will 

be crucial for expanding access and ensuring that proteomics 

can benefit patients in a broader range of healthcare settings. 

2.2.5. Data Integration and Biological Interpretation 

Proteomic information alone cannot provide a complete pic-

ture of cancer biology. To generate clinically meaningful insights, 

protein data must be integrated with genomic, transcriptomic, im-

aging, and clinical information [11, 13]. This requires sophisti-

cated computational tools and strong collaboration among re-

searchers, clinicians, and bioinformaticians. Developing effective 

strategies for multi-omics data integration remains one of the 

most important challenges in precision oncology. 

2.3. Future Directions 

Play a very vital role in detection of cancer in development 

of personalized medicine against cancer. As proteomics is 

continuously developing with times and let to development of 

new technology like single cell proteomics which deals with 

the proteome of single cell including its interactions with other 

cells, properties, characteristics, and functions of a single cell 

either it is natural or tumor cell [12]. This single cell prote-

omics plays crucial role in directing future cancer studies and 

development of personalized medicine against cancer. Simi-

larly the multi-omics approaches like cancer proteogenomics 

also play very important role in future cancers studies because 

it can tell us about the whole process of cancer very easily 

from identifying single mutations in a cell to development of 

a cancerous protein. 

3. Conclusion 

Cancer is a complex, heterogeneous disease modulated by 

a wide spectrum of factors, such as genetic, molecular, cellular, 

tissue, population, environmental and socioeconomic factors, 

which evolve with time. Proteomics plays a key role in saving 

many of people lives from deadliest disease of cancer by ad-
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vancing the study of normal protein function and their conver-

sion to cancerous proteins after post translational modifica-

tions and this advancement leads to development of personal-

ized cancer therapies and medications. These findings like sin-

gle cell proteomics, multi-omics approach and identification 

of cancer biomarkers highlights the value of proteogenomics 

in tailoring cancer therapies to individual patients, ultimately 

advancing the development of precision oncology. In conclu-

sion, proteomics has emerged as a transformative approach for 

understanding cancer biology, identifying novel biomarkers, 

and advancing personalized medicine. By providing direct in-

sights into protein expression, signaling pathways, and thera-

peutic responses, proteomics offers opportunities to improve 

both cancer diagnosis and treatment. Although significant 

challenges remain, continued technological innovation and in-

terdisciplinary collaboration are expected to bring proteomics 

closer to routine clinical implementation, ultimately improv-

ing outcomes for cancer patients worldwide. 

4. Recommendations 

Future research should focus on biomarker validation, stand-

ardized proteomic workflows, integration with multi-omics ap-

proaches, improved bioinformatics, and broader clinical imple-

mentation to advance personalized cancer management. 
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