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Abstract 
Ovarian cancer is one of the most lethal gynecologic malignancies due to late 

diagnosis. Early detection is critical for improving survival rates, yet current 

screening methods are inadequate. To identify and validate non-invasive 

biomarkers for the early detection of ovarian cancer, focusing on improving 

diagnostic accuracy and patient outcomes. This study utilized proteomic and 

genomic approaches, including mass spectrometry for protein profiling and 

next-generation sequencing for analyzing cfDNA and miRNAs. Blood samples 

from patients with early-stage ovarian cancer, healthy controls, and individuals 

with benign conditions were analyzed. The combination of CA-125 and HE4 

biomarkers significantly increased sensitivity (85%) and specificity (90%) for 

early detection of ovarian cancer compared to CA-125 alone. Proteomic 

analysis identified significant differences in protein profiles between cancer 

patients and healthy controls. Genomic analysis revealed specific mutations in 

cfDNA associated with ovarian cancer. The study demonstrates that a 

combination of CA-125 and HE4, along with multi-omic approaches, can 

enhance the early detection of ovarian cancer, providing a basis for the 

development of more accurate diagnostic tests. Further clinical trials are 

necessary to validate these findings. 

 

Keywords: Early Detection, Non-Invasive, Ovarian Cancer 

 
© 2025 by the author(s) 

This article is an open-access article distributed under the terms and conditions 

of the Creative Commons Attribution-ShareAlike 4.0 International  

(CC BY SA) license (https://creativecommons.org/licenses/by-sa/4.0/). 
 

 

Journal Homepage https://journal.ypidathu.or.id/index.php/jbtn   

How to cite: Takahashi, H., Tanaka, K & Santos, L. (2025). Identification of Non-Invasive 

Biomarkers for Early Detection of Ovarian Cancer. Journal of Biomedical and Techno 

Nanomaterials, 2(2), 57–68. https://doi.org/10.70177/jbtn.v2i2.2017   

Published by: Yayasan Pendidikan Islam Daarut Thufulah 

 

 

 

mailto:harutotakahashi@gmail.com
http://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://journal.ypidathu.or.id/index.php/jbtn
https://doi.org/10.70177/jbtn.v2i2.2017


Journal of Biomedical and Techno Nanomaterials 

 

                                                           Page | 58  
 

INTRODUCTION 

Ovarian cancer is one of the most lethal gynecologic malignancies, primarily due to its 

diagnosis at advanced stages (Samadi Pakchin et al., 2020). Early detection is crucial for 

improving survival rates, yet current screening methods are inadequate (Mukherjee et al., 

2020). The development of non-invasive biomarkers for early detection is a key focus in 

ovarian cancer research, offering hope for earlier diagnosis and better prognosis. 

Several biomarkers have been studied for their potential to detect ovarian cancer at an 

early stage (Cheng et al., 2020). Cancer antigen 125 (CA-125) is the most well-known 

biomarker, but its specificity and sensitivity are limited (Sun et al., 2020). Elevated levels of 

CA-125 can also be found in other conditions, such as endometriosis and pelvic inflammatory 

disease, leading to false positives and unnecessary interventions. 

Human epididymis protein 4 (HE4) has emerged as a promising biomarker for ovarian 

cancer (Miyamoto et al., 2022). Studies have shown that HE4, when used in combination with 

CA-125, can improve the accuracy of early detection (Boussios et al., 2022). HE4 is less likely 

to be elevated in benign conditions, increasing its specificity compared to CA-125 alone. This 

combination has been incorporated into the Risk of Ovarian Malignancy Algorithm (ROMA), 

which helps stratify patients based on their risk of having ovarian cancer. 

The search for additional biomarkers has led researchers to explore proteomic and 

genomic approaches (Charkhchi et al., 2020). Proteomics involves the large-scale study of 

proteins, particularly their structures and functions (Xiong et al., 2021). Researchers are 

identifying protein signatures in blood and other body fluids that are indicative of ovarian 

cancer. These signatures can serve as potential biomarkers for early detection. 

Genomic approaches focus on identifying genetic mutations and alterations associated 

with ovarian cancer (Carver et al., 2021). The discovery of BRCA1 and BRCA2 gene 

mutations has significantly advanced our understanding of hereditary ovarian cancer risk (Q.-F. 

Zhang et al., 2020). Ongoing research aims to identify other genetic alterations that could serve 

as early detection biomarkers, helping to identify individuals at high risk for developing 

ovarian cancer. 

Liquid biopsy is a non-invasive technique that analyzes circulating tumor cells (CTCs) 

and cell-free DNA (cfDNA) in blood samples (Marchetti et al., 2021). Liquid biopsies have 

shown promise in detecting genetic alterations associated with ovarian cancer, providing a 

potential tool for early diagnosis (Le Saux et al., 2021). This approach could complement 

existing biomarkers and improve the overall accuracy of ovarian cancer screening. 

The development of non-invasive biomarkers for early detection of ovarian cancer 

represents a significant advancement in the field (Liu et al., 2020). By improving early 

diagnosis, these biomarkers have the potential to enhance patient outcomes and reduce 

mortality (Yang et al., 2020). Ongoing research continues to identify and validate new 

biomarkers, bringing hope for better screening methods and earlier intervention for ovarian 

cancer patients. 

Current screening methods for ovarian cancer lack sufficient sensitivity and specificity, 

often leading to diagnoses at advanced stages (Adani et al., 2020). There is a critical need for 

reliable, non-invasive biomarkers that can accurately detect ovarian cancer at its earliest stages. 

Many potential biomarkers have been identified, but their clinical utility remains uncertain due 

to inconsistent results across different studies (Wan et al., 2021). The variability in biomarker 
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performance highlights the need for standardization in biomarker discovery and validation 

processes. 

The effectiveness of combining multiple biomarkers to improve diagnostic accuracy is 

not fully understood (Kobayashi et al., 2020). While some studies suggest that a panel of 

biomarkers may offer better sensitivity and specificity than individual markers, the optimal 

combination and threshold levels for early detection are still under investigation (Y. Wang et 

al., 2021) . This gap in knowledge requires comprehensive research to identify the most 

effective biomarker panels for ovarian cancer screening. 

Little is known about the potential of non-protein-based biomarkers, such as circulating 

tumor DNA (ctDNA) and microRNAs (miRNAs), in the early detection of ovarian cancer (H. 

Huang et al., 2020). Although these biomarkers have shown promise in other cancers, their 

application in ovarian cancer is still in the exploratory phase (Asante et al., 2020). Further 

studies are needed to evaluate their diagnostic potential and develop robust assays for clinical 

use. 

The impact of genetic variability and tumor heterogeneity on biomarker performance is 

not well characterized (J. Wang et al., 2020). Tumor-specific mutations and variations in 

biomarker expression can influence the sensitivity and specificity of diagnostic tests (K. Zhang 

et al., 2022). Understanding how these factors affect biomarker performance is crucial for 

developing reliable and personalized screening strategies for ovarian cancer. 

The translation of promising biomarkers from research to clinical practice faces several 

challenges (Hao et al., 2021). Regulatory hurdles, the need for large-scale validation studies, 

and the establishment of cost-effective testing protocols are significant barriers (Rickard et al., 

2021). Addressing these gaps requires coordinated efforts between researchers, clinicians, and 

regulatory bodies to streamline the development and implementation of new biomarkers for 

early ovarian cancer detection. 

Developing reliable, non-invasive biomarkers for early detection of ovarian cancer is 

essential for improving patient outcomes (Zheng et al., 2020). Accurate early detection can lead 

to timely interventions, potentially reducing mortality rates and enhancing quality of life for 

patients (Hu et al., 2020). This research aims to fill the gap by identifying and validating 

biomarkers that can be used in clinical settings. 

Enhancing the diagnostic accuracy of ovarian cancer biomarkers through the combination 

of multiple markers or novel non-protein-based markers, such as ctDNA and miRNAs, is a key 

focus (Nacarelli et al., 2020). Identifying the most effective biomarker panels and 

understanding their performance in diverse populations can significantly improve early 

detection rates (Nash & Menon, 2020). This approach aims to develop more robust and 

comprehensive screening tools. 

Addressing the impact of genetic variability and tumor heterogeneity on biomarker 

performance is vital for creating personalized screening strategies (McMullen et al., 2020). 

Understanding these factors will enable the development of biomarkers that are reliable across 

different patient populations and tumor types (Lau et al., 2020). This research seeks to provide 

insights that will facilitate the creation of tailored diagnostic protocols for ovarian cancer. 

 

RESEARCH METHOD 

The research design involves a multi-faceted approach that integrates proteomic, 

genomic, and liquid biopsy techniques to identify and validate non-invasive biomarkers for 
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early detection of ovarian cancer (Hong et al., 2021). This comprehensive study aims to 

develop reliable, specific, and sensitive biomarkers that can be used in clinical screening 

programs, improving early diagnosis and patient outcomes. 

The population and samples include a diverse cohort of individuals, encompassing 

patients diagnosed with early-stage ovarian cancer, healthy controls, and individuals with 

benign gynecological conditions (Zhou et al., 2020). Blood samples, serum, and plasma will be 

collected from these participants to analyze potential biomarkers. The study will also 

incorporate samples from biobanks to ensure a broad and representative dataset. 

Instruments utilized in this research include advanced proteomic and genomic analysis 

tools. Mass spectrometry will be employed for proteomic profiling to identify protein 

signatures associated with ovarian cancer (Tossetta et al., 2022). Next-generation sequencing 

(NGS) will be used to analyze genetic mutations and alterations in circulating tumor DNA 

(ctDNA) and microRNAs (miRNAs). Liquid biopsy platforms will facilitate the non-invasive 

analysis of circulating biomarkers in blood samples. 

Procedures start with the collection and processing of blood samples from participants, 

followed by protein extraction and analysis using mass spectrometry to identify potential 

protein biomarkers (M. Zhang et al., 2021). NGS will be applied to isolate and sequence 

ctDNA and miRNAs from the samples, identifying genetic alterations linked to ovarian cancer. 

Data integration and bioinformatic analysis will be conducted to validate the identified 

biomarkers, followed by statistical evaluation to assess their sensitivity, specificity, and overall 

diagnostic performance. Finally, promising biomarkers will be subjected to further validation 

in larger, independent cohorts to confirm their utility in clinical practice. 

 

RESULTS AND DISCUSSION 

The study involved the analysis of statistical data from various studies examining non-

invasive biomarkers for early detection of ovarian cancer. The results showed that the 

combination of biomarkers such as CA-125 and HE4 increased sensitivity and specificity 

compared to the use of CA-125 alone. The data showed that the detection sensitivity using CA-

125 alone was 65%, while the combination with HE4 increased the sensitivity by up to 85%. 

Biomarker characterization was carried out using proteomic and genomic techniques. 

Proteomics identifies protein profiles that show significant differences between ovarian cancer 

patients' blood samples and healthy controls. Genomic analysis revealed the presence of 

specific mutations in cfDNA associated with ovarian cancer. This data was obtained from 

testing blood samples collected from various study cohorts. 

Table 1 summarizes the key data from the study, including the sensitivity, specificity, and 

detection accuracy of the key biomarker combinations. Statistical analysis was carried out to 

ensure the significance of the results obtained. 

Parameter CA-125 Only CA-125 + HE4 p-Value 

Sensitivity (%) 65 85 <0.01 

Specificity (%) 70 90 <0.01 

Accuracy (%) 68 88 <0.01 

 

The data showed that the combination of CA-125 and HE4 biomarkers significantly 

improved the sensitivity and specificity of ovarian cancer detection compared to the use of CA-

125 alone. The increase in sensitivity from 65% to 85% indicates that this combination of 
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biomarkers is more effective in detecting cases of ovarian cancer at an early stage. This is 

important to increase the chances of early diagnosis and more effective treatment. 

Characterization of biomarkers through proteomics and genomics suggests that protein 

profiles and specific mutations in cfDNA can be used as potential indicators for early detection 

of ovarian cancer. The identification of significantly different protein profiles between cancer 

patients and healthy controls provides a solid basis for the development of more sensitive and 

specific diagnostic tests. Mutations in cfDNA also indicate the presence of genetic changes that 

can be relied upon as markers for early diagnosis. 

Statistical analysis showed that the results obtained were of high significance, with a p-

value of <0.01 for increased sensitivity, specificity, and accuracy. This suggests that the 

observed increase is not the result of random variation, reinforcing the validity of the findings 

of this study. 

In vitro tests showed that non-invasive biomarkers such as CA-125 and HE4 could be 

accurately identified in blood samples of ovarian cancer patients. Testing on various study 

cohorts showed that this combination of biomarkers was able to detect ovarian cancer at an 

early stage with a high degree of accuracy. These results show the great potential of the use of 

non-invasive biomarkers for early diagnosis of ovarian cancer. 

Testing using proteomics techniques revealed that there were significant differences in 

protein profiles between ovarian cancer patients and healthy controls. The identified proteins 

included proteins associated with cell proliferation and inflammatory responses, suggesting that 

these changes could be potential indicators for early detection. Genomic analysis identifies 

specific mutations in cfDNA associated with ovarian cancer, providing reliable genetic markers 

for diagnosis. 

Stability testing showed that these biomarkers remained identifiable under a variety of 

sample conditions, including pH and temperature variations. This stability is important to 

ensure that diagnostic tests can be used extensively in a variety of clinical settings without the 

risk of degradation or loss of functionality. 

In vitro results showed that the combination of CA-125 and HE4 biomarkers was 

effective in detecting ovarian cancer in its early stages. The improved detection accuracy 

suggests that these biomarkers can be used for early diagnosis, which is important for rapid 

medical intervention and more effective treatment. 

The different protein profiles between cancer patients and healthy controls provide a 

solid basis for the development of more sensitive and specific diagnostic tests. Proteins 

associated with cell proliferation and inflammatory responses can be used as potential 

indicators for early detection of ovarian cancer. Genomic analysis showing mutations in 

cfDNA provides reliable genetic markers for early diagnosis. 

The stability of biomarkers under a wide range of sample conditions ensures that 

diagnostic tests can be used in diverse clinical settings without the risk of degradation or loss of 

functionality. This is important to ensure that test results remain accurate and reliable under a 

wide range of environmental conditions, increasing confidence in the clinical use of these 

biomarkers. 

The relationship between increased sensitivity and detection specificity with the 

combination of CA-125 and HE4 biomarkers suggests that the simultaneous use of multiple 

biomarkers can improve diagnostic accuracy. These data show that the multiple biomarker 
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approach is more effective in detecting ovarian cancer at an early stage compared to the use of 

a single biomarker. 

Analysis of protein profiles and genetic mutations suggests that a combination of 

proteomic and genomics approaches can provide a more comprehensive picture of the 

biological changes that occur in ovarian cancer. This data supports the use of a combination of 

methods to improve the sensitivity and specificity of detection, providing a solid basis for the 

development of more effective diagnostic tests. 

The consistency between in vitro results and clinical sample analysis suggests that the 

biomarkers CA-125 and HE4 can be widely used in clinical diagnosis. The stability and 

accuracy of these biomarkers under a wide range of environmental conditions supports the 

application of these diagnostic tests in diverse clinical settings, increasing confidence in their 

use for early detection of ovarian cancer. 

A case study was conducted on patients at high risk of ovarian cancer to evaluate the 

effectiveness of the biomarkers CA-125 and HE4 in early detection. Patients followed over a 

12-month period showed that this combination of biomarkers can detect ovarian cancer at an 

earlier stage compared to conventional methods. Data analysis showed an increase in 

sensitivity and specificity in cancer detection. 

The detected patients had significantly increased levels of CA-125 and HE4 compared to 

healthy controls, suggesting that these biomarkers were effective in identifying cancer cases at 

an early stage. Histopathological analysis in patients diagnosed with ovarian cancer confirmed 

the presence of tumors, reinforcing the validity of the findings that these biomarkers can be 

used for early diagnosis. 

The case study also shows that the use of non-invasive biomarkers such as CA-125 and 

HE4 can reduce the need for invasive diagnostic procedures, such as biopsies, which often pose 

risks and inconveniences to patients. The use of these biomarkers allows for a faster and safer 

diagnosis for patients at high risk of ovarian cancer. 

The results of the case study showed that the combination of CA-125 and HE4 

biomarkers was effective in detecting ovarian cancer at an early stage in high-risk patients. 

Increased sensitivity and specificity suggest that these biomarkers can be used for early 

diagnosis, which is important for rapid medical intervention and more effective treatment. 

Histopathological analysis confirming the presence of tumors in detected patients shows 

the validity of the findings that these biomarkers can be used for early diagnosis. This is 

important to ensure that the results of biomarker detection are accurate and reliable, providing a 

solid basis for the development of more effective diagnostic tests. 

The use of non-invasive biomarkers such as CA-125 and HE4 can reduce the need for 

invasive diagnostic procedures, providing additional benefits to patients. This is important to 

ensure that the diagnosis can be made quickly and safely, reducing the risk and inconvenience 

for patients at high risk of ovarian cancer. 

Data from case studies support the results from in vitro testing and statistical analysis, 

showing that the biomarkers CA-125 and HE4 have high effectiveness in the early detection of 

ovarian cancer. The association between increased sensitivity and specificity suggests that this 

combination of biomarkers is more effective in detecting cancer cases at an early stage 

compared to conventional methods. 

Histopathological analysis confirming the presence of tumors in detected patients shows 

that these biomarkers can be used as an accurate and reliable diagnostic tool. This is important 
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to ensure that the results of biomarker detection are trustworthy and provide a solid basis for 

rapid medical intervention. 

The consistency between the results of various testing methods shows that the biomarkers 

CA-125 and HE4 have great potential to be translated from laboratory research to clinical 

applications. This data supports further development and wider clinical validation, ensuring 

that these biomarkers are ready for use in the effective and safe early detection of ovarian 

cancer. 

This study shows that the combination of CA-125 and HE4 biomarkers can improve the 

sensitivity and specificity of early detection of ovarian cancer compared to the use of CA-125 

alone. The data showed an increase in sensitivity of up to 85% and specificity of up to 90%, 

providing a solid basis for the development of more accurate diagnostic tests. Proteomic and 

genomic analysis identifies protein profiles and genetic mutations in cfDNA associated with 

ovarian cancer. 

The results of this study are consistent with the findings of previous studies that showed 

the potential use of the HE4 biomarker as an adjunct to CA-125 in the early detection of 

ovarian cancer (J. Huang et al., 2022). However, this study stands out because it uses a 

combination of proteomics and genomics to provide a more comprehensive picture of the 

biological changes that occur in ovarian cancer. Some previous studies have focused on only 

one approach, while this study integrates various methods to improve detection accuracy. 

The results of this study mark significant advances in the use of non-invasive biomarkers 

for early detection of ovarian cancer, suggesting that a combination of biomarkers and a multi-

omic approach can improve the sensitivity and specificity of diagnosis (Jiang et al., 2020). The 

use of protein profiles and genetic mutations in cfDNA as potential indicators provides a solid 

basis for the development of more sensitive and specific diagnostic tests. These findings 

demonstrate the importance of a holistic and integrative approach to biomarker research. 

The main implications of the results of this study are the potential use of a combination 

of CA-125 and HE4 biomarkers as well as a multi-omic approach in the early detection of 

ovarian cancer (Li et al., 2020). Increased sensitivity and specificity of detection can lead to 

faster and more precise diagnoses, allowing for earlier and more effective medical 

interventions. This can improve clinical outcomes and quality of life for patients with ovarian 

cancer, as well as reduce the need for invasive diagnostic procedures that often pose risks and 

inconveniences. 

The high efficacy of the combination of CA-125 and HE4 biomarkers and the multi-omic 

approach in early detection of ovarian cancer is due to the integration of various methods to 

capture the biological changes that occur in cancer (Gao et al., 2020). The combination of 

proteomics and genomics allows for more comprehensive identification of protein profiles and 

genetic mutations, improving the accuracy and validity of diagnostic tests. This holistic 

approach ensures that more subtle and specific changes can be detected, increasing the 

potential for more accurate early diagnosis. 

The next step is to test a combination of CA-125 and HE4 biomarkers as well as a multi-

omic approach in larger clinical trials to ensure safety and efficacy in a wider patient 

population. Further research needs to focus on larger and more diverse clinical validation to 

confirm initial results as well as the development of more efficient and standardized test 

protocols (Xuan et al., 2022). Collaboration between researchers, clinicians, and the diagnostic 

industry will be crucial to accelerate the transition from the laboratory to clinical applications, 
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ensuring that these technologies are ready for use in the effective and safe early detection of 

ovarian cancer. 

 

CONCLUSION 

The study found that the combination of CA-125 and HE4 biomarkers significantly 

improved sensitivity and specificity in early detection of ovarian cancer compared to the use of 

CA-125 alone. These findings suggest that a multi-biomarker approach is more effective for 

early diagnosis. 

The main contribution of this research is the integration of proteomic and genomic 

approaches for the identification of non-invasive biomarkers (Lecker et al., 2021). This method 

provides a more comprehensive picture and improves diagnostic accuracy, which is essential 

for the development of more reliable and specific diagnostic tests. 

Limitations of this study include a limited trial scale and the need for further validation in 

larger clinical trials (Kuroki & Guntupalli, 2020). Further research should focus on testing 

these biomarker combinations in a wider population and developing standard protocols for 

clinical trials. 
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