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Axillary lymph node dissection (ALND) was a standard component of
breast cancer surgery for decades until the 1990s, when sentinel lymph
node biopsy (SLNB) emerged as a less invasive and more precise
alternative. SLNB revolutionized axillary staging by reducing
complications and unnecessary dissections. Today, it is the preferred
method in most breast cancer surgeries, rendering ALND nearly obsolete
in many clinical scenarios (1). Initially, intraoperative assessment of
sentinel lymph nodes was pivotal in determining the need for immediate
ALND. This reduced the need for reoperations in patients with positive
nodes. However, as the role of ALND declined, so did the emphasis on
intraoperative node evaluation (2). Currently, ALND is reserved for
select cases, such as clinically node-positive patients receiving
neoadjuvant chemotherapy (NAC) (3) or luminal breast cancer patients
with three or more involved nodes. In patients with only one or two
positive nodes, ALND is generally avoided, and radiation therapy is often
employed. However, current diagnostic techniques sometimes struggle to
accurately quantify involved nodes, especially in cases involving small
or confluent metastases (4). With the increased use of NAC, particularly
in countries where patients present at more advanced stages, accurate
lymph node evaluation remains essential. Traditional intraoperative
diagnostic techniques, such as frozen section (FS) and touch preparation,
although generally effective in luminal ductal carcinoma, have limited
value post-NAC and in invasive lobular carcinoma (ILC). Moreover, FS
prolongs surgery by 45 minutes to an hour, thereby increasing anesthesia
duration and straining hospital resources (5). Thus, a critical clinical gap
remains: current intraoperative methods are time-intensive, exhibit
reduced sensitivity in post-NAC and ILC patients, and may be
impractical in resource-limited settings.
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To address these limitations, researchers at
Tehran University of Medical Sciences and
Shahid Beheshti University, Iran, developed a
novel real-time diagnostic probe using
electrical impedance spectroscopy. This device,
known as the Cancer Diagnostic Probe (CDP),
enables rapid, intraoperative assessment of
lymph node status (6). This study aimed to
evaluate whether the CDP provides accurate
real-time intraoperative lymph node assessment
in post-NAC and ILC patients, with the
hypothesis that it would demonstrate
comparable diagnostic accuracy to
histopathology, the current gold standard for
lymph node assessment.

This prospective single-center diagnostic study
involved 282 lymph nodes excised during
breast cancer surgery. Nodes were selected
intraoperatively according to clinical and
surgical criteria, and all CDP assessments were
performed blinded to pathology. Final
histopathology served as the reference standard
for comparison.

The CDP operates through impedance
measurements based on three key metrics:

» Z1kHz: Reflects low-frequency impedance
related to the extracellular matrix, which
typically decreases with malignant
transformation.

* Impedance Phase Slope (IPS): A high-
frequency parameter associated with cell
membranes and intracellular components,
which increases in malignant nodes.

* Y’n: A fibrosis-related parameter introduced
to improve discrimination in  post-
chemotherapy nodes where fibrosis may mimic
malignancy.

Cancer alters the physical and metabolic
properties of lymph node tissue, with malignant
cells  exhibiting increased  nuclear-to-
cytoplasmic ratios, denser packing, and greater
membrane permeability. These changes
significantly impact impedance, allowing for
the differentiation between normal and
cancerous tissue (7). Additionally, tumor cells
metastasizing to lymph nodes undergo
metabolic reprogramming, shifting from
glycolysis at the primary site to fatty acid
oxidation in lymph nodes. This adaptation,
driven by interactions with bile acids and
activation of the Yes Associated Protein
pathway (via vitamin D receptors), alters the
tissue's dielectric properties. As a result, the
nodes involved display lower ZlkHz and
higher IPS values than healthy nodes. In a study

involving 282 lymph nodes, the CDP
demonstrated 92% sensitivity and 95%
specificity overall, as determined by ROC
analysis (95% confidence intervals are
provided in the full manuscript). In post-NAC
nodes (n=90), the sensitivity and specificity
were both 95%. In cases of ILC (n=27), the
CDP achieved 89% sensitivity and 100%
specificity.

Notably, the device provides results in under 20
seconds and displays node scoring in real-time,
significantly reducing intraoperative wait
times. The CDP (also known in the literature as
an Electrical Lymph Node Scanner, ELS)
characterizes tissue by detecting lipidic,
fibrotic, histiocytic, and tumoral properties. For
consistency, “CDP” was used throughout this
study. It offers a faster, less resource-intensive
alternative to traditional histopathological
methods. In parallel, other novel diagnostic
techniques, including amplification assays,
molecular imaging, and optical methods, are
also under development. However, many of
these are either time-consuming or lack real-
time applicability. While comparative studies
are necessary, the CDP appears promising due
to its speed, ease of use, and performance in
post-NAC and ILC cases.

Nonetheless, the CDP has certain limitations. It
requires direct contact with the lymph node,
and fibrosis can still affect its accuracy. This
may result in occasional false positives or
negatives, which can affect intraoperative
decision-making. Furthermore, as this was a
single-center study, external validity remains
limited. Larger multicenter trials and direct
comparison with One-Step Nucleic Acid
Amplification and optical methods are
required. This study was conducted under
institutional review board approval, with
informed patient consent obtained. The CDP
device complies with applicable medical device
safety standards (CE-certified).

In conclusion, although intraoperative lymph
node assessment has declined in importance
with reduced indications for ALND2, the rise of
NAC and complex pathological cases maintains
its relevance (8). The CDP offers a promising,
real-time  solution that could reshape
intraoperative lymph node evaluation. With
further validation, it has the potential to
complement or even replace traditional
methods in various clinical settings.
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