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Abstract
Blood-based tumor detection has emerged as a promising tool in precision oncology, offering real-time, non-

invasive methods to assess tumor presence, genetic mutations, and molecular dynamics. Techniques like liquid 
biopsy, which analyze circulating tumor DNA (ctDNA), RNA, and other biomarkers, can help guide surgical decisions 
by providing molecular insights into tumor localization, surgical margin assessment, and monitoring of minimal residual 
disease. This article explores the role of blood-based tumor detection in improving surgical outcomes, its clinical 
applications, challenges, and future directions for integration into routine cancer care.

Introduction
Surgical resection remains one of the most effective treatment 

strategies for various cancers. However, the success of surgery heavily 
depends on accurate tumor localization, margin assessment, and 
detection of minimal residual disease. Traditional imaging techniques, 
including CT, MRI, and PET scans, play a crucial role in visualizing 
tumor size and location but may fall short in detecting small tumors or 
micrometastases. Liquid biopsy, a non-invasive blood test that detects 
biomarkers such as circulating tumor DNA (ctDNA), offers a promising 
adjunct to imaging for guiding surgical decisions. This article focuses 
on the integration of blood-based tumor detection in cancer surgery, its 
current clinical applications, and the challenges it faces in becoming a 
routine part of clinical practice [1].

Advancements in Liquid Biopsy for Tumor Detection

Liquid biopsy is an emerging technique for detecting ctDNA, 
RNA, and other tumor-derived markers in the bloodstream. ctDNA 
consists of fragments of DNA shed by tumors, which circulate freely in 
the blood. Liquid biopsy provides a snapshot of the tumor's molecular 
profile, including mutations, gene expression, and alterations, 
which is critical for making informed surgical decisions. Recent 
advancements in sequencing technologies and bioinformatics have 
significantly increased the sensitivity and specificity of liquid biopsy, 
enabling early detection of tumors, assessment of tumor burden, and 
monitoring of treatment response. In cancer surgery, liquid biopsy is 
particularly useful for detecting tumors that are difficult to visualize 
with traditional imaging modalities. For example, in cancers such as 
pancreatic or liver cancer, where tumors may be small or located near 
critical structures, ctDNA analysis provides critical molecular insights 
that assist in identifying the tumor’s exact location, as well as its genetic 
characteristics. Liquid biopsy also allows for real-time monitoring of 
tumor dynamics during surgery, helping surgeons make data-driven 
decisions based on the tumor's molecular profile [2].

Role in Surgical Guidance

Blood-based tumor detection offers several benefits in the surgical 
setting, particularly in tumor localization, margin assessment, and 
postoperative monitoring. These applications can significantly improve 
surgical outcomes and reduce the likelihood of recurrence. In tumor 
localization, blood-based detection allows for the identification of 
tumors in anatomical regions that are difficult to visualize using 
traditional imaging. In cancers such as pancreatic or liver cancer, where 
tumors may be small or located near critical structures, liquid biopsy 
provides molecular data that can guide the surgical team in accurately 
targeting the tumor. Additionally, ctDNA can serve as a valuable tool 
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for detecting metastatic disease that may not be visible on imaging 
scans [3]. For surgical margin assessment, clear surgical margins are 
essential to ensure complete tumor removal and reduce the risk of local 
recurrence. Liquid biopsy can be used to assess surgical margins by 
detecting ctDNA or tumor cells in the blood during surgery. This real-
time feedback allows surgeons to determine if any residual tumor cells 
remain, enabling them to adjust the resection strategy if necessary. For 
high-risk tumors, such as those in the brain or pancreas, this real-time 
data is crucial in achieving clear margins [4]. Regarding postoperative 
monitoring, after tumor resection, the presence of ctDNA in blood 
samples can serve as an indicator of minimal residual disease (MRD). 
Even after successful surgical resection, small amounts of cancer cells 
may remain in the body, leading to recurrence. Liquid biopsy provides 
a sensitive and non-invasive method to detect MRD, allowing for 
early intervention if recurrence is detected. This can improve patient 
outcomes by enabling timely treatment adjustments and monitoring for 
relapse [5].

Clinical Applications and Impact

Several studies have demonstrated the clinical value of liquid biopsy 
in various cancers. In lung cancer, ctDNA has been used to monitor 
mutations such as EGFR and KRAS, which are critical for guiding 
targeted therapies. Similarly, in colorectal cancer (CRC), ctDNA 
analysis is increasingly being used for postoperative monitoring to 
detect recurrence before it is visible on imaging scans. In breast cancer, 
liquid biopsy has shown potential for identifying mutations associated 
with treatment resistance, allowing clinicians to tailor postoperative 
therapies. Moreover, ctDNA has been used to predict responses to 
chemotherapy, immunotherapy, and targeted therapies, providing 
clinicians with valuable insights into the most effective treatment 
options [6]. In pancreatic cancer, one of the most challenging cancers to 
treat due to late-stage diagnoses, liquid biopsy offers a new opportunity 
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Conclusion
Blood-based tumor detection, particularly through liquid biopsy, 

holds significant promise for enhancing surgical oncology by providing 
real-time, molecular insights into tumor biology. By enabling more 
accurate tumor localization, clearer surgical margins, and more effective 
postoperative monitoring, liquid biopsy can improve surgical outcomes 
and reduce the risk of recurrence. Despite the challenges related to 
sensitivity, standardization, and cost, the continued advancement 
of liquid biopsy technologies and their integration with artificial 
intelligence and imaging will likely transform cancer surgery, offering 
more personalized, precise, and effective treatment options for patients.
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for early detection and improved surgical planning. ctDNA testing 
can identify mutations even in early-stage pancreatic cancer, guiding 
surgical resection and offering insights into tumor biology that might 
not be captured by imaging alone. Postoperative monitoring with liquid 
biopsy in pancreatic cancer can also help detect recurrence at an earlier 
stage, improving patient survival rates [7].

Challenges and Limitations

Despite its potential, several challenges remain in the clinical 
implementation of blood-based tumor detection. One of the primary 
issues is the sensitivity and specificity of liquid biopsy. In early-stage 
cancers or cases with low tumor burden, ctDNA may be present 
in insufficient quantities to detect reliably. This poses a risk of false 
negatives, where the test fails to identify the presence of disease. 
Conversely, false positives may occur if the ctDNA detected originates 
from benign conditions, leading to unnecessary treatments or 
surgeries. Another challenge is the standardization of liquid biopsy 
tests across laboratories and clinical settings. While several commercial 
tests are available, there is still a lack of consensus on the most effective 
biomarkers, methods for sample collection, and interpretation of 
results. To fully integrate liquid biopsy into clinical practice, further 
research is needed to establish universal guidelines and validate its use 
in different tumor types and stages [8].

Future Directions
The future of blood-based tumor detection lies in improving the 

sensitivity, accuracy, and utility of liquid biopsy. Advances in sequencing 
technologies, including next-generation sequencing (NGS) and digital 
PCR, are expected to enhance the ability to detect trace amounts of 
ctDNA and other biomarkers. Additionally, artificial intelligence (AI) 
and machine learning (ML) hold great promise in analyzing the vast 
amounts of data generated by liquid biopsy, allowing for more accurate 
predictions and decision-making in the surgical setting. Furthermore, 
multi-omics approaches that combine ctDNA with RNA, proteins, and 
other biomarkers could provide a more comprehensive understanding 
of tumor biology. This integrated approach could improve the ability 
to detect tumors earlier, predict therapeutic response, and monitor 
disease recurrence more effectively. The combination of liquid biopsy 
with traditional imaging techniques, like CT or MRI, is likely to offer 
the most precise diagnostic approach, enabling a more holistic and 
personalized treatment plan for cancer patients [9][10].
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