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Abstract
Lymph node staging plays a crucial role in determining the prognosis and therapeutic approach for cancer 

patients. Accurate staging of lymph nodes during surgery provides essential information regarding tumor spread, 
which is vital for treatment planning and assessing the risk of recurrence. Over recent years, significant advancements 
in lymph node staging techniques have improved the precision and reliability of this process. This article reviews 
recent developments in lymph node staging methods during cancer surgery, including the use of advanced imaging, 
intraoperative techniques, and molecular technologies. These innovations aim to provide real-time, accurate data to 
surgeons, helping optimize decision-making, guide treatment plans, and ultimately improve patient outcomes.
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Introduction
Lymph node involvement is a critical determinant of prognosis 

in many cancers, influencing treatment decisions and survival rates. 
Accurate lymph node staging provides valuable insight into the extent of 
tumor spread, allowing for more effective management strategies, such 
as tailored surgical resection, adjuvant chemotherapy, and radiation 
therapy. Traditionally, lymph node staging was limited to post-operative 
histopathological analysis of excised tissue. However, the advent of 
new technologies has revolutionized the ability to stage lymph nodes 
in real-time during surgery. These advancements have led to more 
accurate staging, better-guided surgical decisions, and reduced risk of 
recurrence. This article explores the current improvements in lymph 
node staging techniques, including the use of imaging technologies, 
intraoperative biopsy methods, and molecular markers [1][2].

Traditional Lymph Node Staging Methods

Historically, lymph node staging during cancer surgery relied 
primarily on the examination of lymph nodes after they were 
surgically removed. The pathologic evaluation of lymph nodes through 
histopathology was considered the gold standard for determining 
the extent of cancer spread. However, this approach has limitations, 
including its reliance on the surgeon’s ability to detect and remove 
all relevant nodes, the potential for sampling errors, and the time 
delay between surgery and diagnosis. Lymph node status based on 
histopathology can be influenced by factors such as tumor size, location, 
and the presence of micrometastases, which may not be detected with 
traditional methods. These limitations have prompted the search for 
more reliable and efficient techniques that can provide real-time staging 
during surgery [3].

Intraoperative Imaging Techniques

Advances in intraoperative imaging technologies have significantly 
improved lymph node staging during surgery. Techniques such as near-
infrared fluorescence imaging, positron emission tomography (PET), 
and ultrasound-guided surgery have become increasingly prevalent in 
oncology settings. Near-infrared fluorescence imaging, in particular, 
has shown great promise in identifying sentinel lymph nodes (SLNs), 
the first lymph nodes to which cancer cells are likely to spread. By 
using fluorescent dyes such as indocyanine green (ICG), surgeons 
can visually identify and remove SLNs in real-time, reducing the risk 
of missing metastasis and improving staging accuracy. Furthermore, 
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intraoperative PET scans have been used to assess the metabolic 
activity of lymph nodes, identifying those that are more likely to 
contain metastases. These imaging techniques allow surgeons to more 
accurately target and stage lymph nodes during surgery, improving 
the precision of lymph node dissection and minimizing the need for 
additional surgical procedures [4][5].

Sentinel Lymph Node Biopsy (SLNB) Techniques

Sentinel lymph node biopsy (SLNB) is a widely used technique 
for staging cancers, particularly in melanoma, breast cancer, and 
head and neck cancers. SLNB involves the identification and removal 
of the sentinel lymph node(s) to evaluate whether cancer has spread. 
Traditionally, this method relied on blue dye and radiotracers to locate 
sentinel lymph nodes. More recently, the integration of advanced 
imaging techniques, such as fluorescence-guided surgery, has enhanced 
the ability to locate SLNs more accurately. By combining the use of 
dye, radioactive tracers, and fluorescence, surgeons can increase the 
detection rate of sentinel nodes and improve the overall staging process. 
This approach not only provides valuable prognostic information 
but also helps avoid unnecessary removal of additional lymph nodes, 
thereby reducing the risk of complications like lymphedema [6][7].

Molecular Staging Techniques

Recent advancements in molecular technologies have provided 
new opportunities for improving lymph node staging during cancer 
surgery. Molecular markers, including specific gene signatures and 
circulating tumor DNA (ctDNA), offer potential for more accurate 
staging and the detection of micrometastases that may be missed by 
traditional histopathology. Techniques such as reverse-transcription 
polymerase chain reaction (RT-PCR) and next-generation sequencing 
(NGS) are being used to analyze lymph nodes at the molecular level, 
allowing for the detection of cancer cells that may not be visible under 
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tumor characteristics and patient-specific factors, are expected to play 
a significant role in the optimization of treatment strategies. With these 
innovations, it is anticipated that lymph node staging will become more 
precise, less invasive, and more integrated into the overall management 
of cancer patients.

Conclusion
Lymph node staging remains a cornerstone of cancer diagnosis and 

treatment, and recent advancements in technology and methodology 
have significantly enhanced its precision. From intraoperative imaging 
techniques to molecular staging and AI-assisted approaches, these 
innovations offer the potential to improve the accuracy of lymph node 
evaluation, guiding surgical decision-making and treatment planning. 
While challenges remain, ongoing research and the integration of 
new technologies will likely continue to improve lymph node staging 
techniques, leading to better outcomes for cancer patients. Personalized 
surgical approaches based on advanced staging will play an increasingly 
vital role in cancer care, ensuring more effective and tailored treatment 
strategies.
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the microscope. By incorporating these molecular tools, surgeons can 
gain deeper insights into the extent of disease spread and refine their 
staging decisions. This approach is particularly valuable in cases where 
lymph nodes appear normal or show minimal enlargement on imaging 
but still contain micrometastases that could influence treatment 
decisions [8][9].

Artificial Intelligence (AI) and Machine Learning in Lymph 
Node Staging

The application of artificial intelligence (AI) and machine learning 
(ML) is revolutionizing many aspects of oncology, including lymph 
node staging. AI algorithms, when trained on large datasets of medical 
images, can assist surgeons in detecting and characterizing lymph 
nodes with a higher degree of accuracy than traditional methods. 
For example, AI-powered software can analyze CT scans, MRI, or 
ultrasound images to identify suspicious lymph nodes that may require 
biopsy or further examination. Additionally, machine learning models 
can be used to predict the likelihood of lymph node metastasis based 
on clinical and radiological factors, helping guide surgical decision-
making. These AI tools hold promise for improving the speed and 
accuracy of lymph node staging during surgery, reducing human error 
and enhancing clinical outcomes [10].

Challenges and Limitations

Despite the advancements in lymph node staging techniques, 
several challenges remain. One significant limitation is the variability 
in the techniques used across different centers, which can lead to 
inconsistencies in the staging process. While fluorescence-guided 
surgery and other advanced imaging methods show great promise, 
their availability is still limited to certain institutions, and they require 
significant expertise and training to implement effectively. Additionally, 
the integration of molecular staging techniques into routine surgical 
practice faces barriers, such as the need for specialized equipment, 
higher costs, and the time required for molecular analysis. Furthermore, 
while AI and machine learning hold promise, their use in lymph node 
staging is still in the early stages, and validation studies are needed to 
confirm their effectiveness in diverse clinical settings.

Future Directions
The future of lymph node staging during surgery is likely to be 

shaped by continued advancements in technology and precision 
medicine. Ongoing research into the use of molecular markers, 
improved imaging modalities, and AI integration will further refine 
the accuracy and speed of lymph node staging. Moreover, personalized 
approaches to lymph node staging, which take into account individual 
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