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ABSTRACT

Background: Reliable evaluation of axillary lymph nodes before surgery is essential for determining prognosis and
tailoring treatment in breast cancer care. Although surgical techniques such as sentinel-node biopsy remain the
definitive standard, they are invasive and can cause considerable morbidity. High-resolution ultrasonography
provides a non-invasive alternative.

Objectives: This study aimed to measure how accurately ultrasound distinguishes malignant from benign axillary
nodes, using histopathology as the reference method.

Methods: We carried out a prospective observational study in a tertiary oncology hospital from January 2022
through December 2023. Eighty adults with biopsy-confirmed breast carcinoma underwent preoperative axillary
ultrasound performed by senior breast radiologists with 7-15 MHz linear transducers. Each lymph node was
assessed for size, shape, cortical thickness, integrity of the fatty hilum, and Doppler vascular pattern. Tissue
obtained by surgical excision or image-guided core biopsy supplied the histological verdict. Sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and overall accuracy were calculated, and
agreement with histology was expressed using Cohen’s « statistic.

Results: Histological analysis identified metastasis in 42 patients (52.5 %) and benign pathology in 38 (47.5 %).
Ultrasound achieved an overall accuracy of 86.3 %, with sensitivity 85.7 %, specificity 86.8 %, PPV 87.8 %, and
NPV 84.6 %. Concordance between sonography and histopathology was substantial (x = 0.72; p < 0.001).
Conclusion: When conducted under standardized conditions, axillary ultrasound reliably differentiates malignant
from benign lymph nodes in breast-cancer patients. Incorporating this modality into routine preoperative work-ups
could decrease reliance on invasive staging procedures and their attendant complications. Larger multicentre studies
are warranted to confirm these findings and refine sonographic criteria further.

Keywords:

Breast cancer, Ultrasound, Axillary lymph nodes, Diagnostic accuracy, Histopathology, Preoperative staging.

©The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International

M : 9 License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons

licence, and indicate if changes were made. The images or other third-party material in this article are included

in the article’s Creative Commons license unless indicated otherwise in a creditline to the material. If material is

not included in the article’s Creative Commons license and your intended use is not permitted by statutory
BY regulation or exceeds the permitted use, you must obtain permission directly from the copyright holder. To view

a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain

Dedication waiver (http:/creativecommons.org/public domain/zero/1.0/) applies to the data made available in
this article, unless otherwise stated in a credit line to the data.

Received: 04/03/2025
Revised: 28/04/2025
Accepted: 29/04/2025 Page 13 of 19
Published: 29/04/2025


https://dmlsjournal.com/
https://doi.org/10.69750/dmls.02.03.099
mailto:biniahzaidi@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/licenses/by/4.0/deed.en
https://dmlsjournal.com/index.php/January2024/index
https://crossmark.crossref.org/dialog/?doi=10.69750/dmls.02.03.099

Vol. 2 No. 3 (2025): DEVELOPMENTAL MEDICO-LIFE-SCIENCES

Hina Farooq et al.

INTRODUCTION

Breast cancer remains a leading cause of
cancer-related deaths worldwide, and accurate
staging 1is vital for informed treatment
decisions. In particular, axillary lymph-node
status serves as a crucial prognostic factor that
directs both surgical and adjuvant therapy
strategies [1]. While sentinel lymph node
biopsy and axillary dissection are invasive
techniques with a high diagnostic accuracy,
they are inherently associated with significant
morbidity, including lymphedema, neuropathic
pain, and reduced upper limb function. These
challenges emphasize the imperative of non-
invasive methods to monitor for nodal
involvement [2].

In the preoperative evaluation of the
axilla, ultrasound has become a valuable
imaging modality as a result of its non-invasive
nature, broad accessibility, and capability for
high-resolution, real-time imaging. High-
frequency linear transducers are utilized to
evaluate lymph nodes in detail, by assessing
their size, shape, cortical thickness, and the
integrity of the fatty hilum [3]. In addition, the
addition of Doppler imaging affords an
assessment of vascular patterns that may be
indicative of neoplastic involvement. While
previous studies have reported predictors of
malignancy based on specific features on
sonography, such as lack of fatty hilum and
marked cortical thickening, the diagnostic
performance of prior studies has varied due to
differences in study design, operator expertise,
and patient population [4, 5].

The current study aimed to provide
rigorous assessment of the diagnostic accuracy
of ultrasound of axillary lymph nodes in
patients ~ with  breast  cancer  using
histopathology as the reference standard
[6].Current study attempt to delineate the
imaging characteristics that are most likely to
predict metastatic involvement through

systematically correlating sonographic findings
with histological outcomes. The purpose is to
develop a robust, non-invasive means for
axillary staging that could reduce the necessity
of invasive procedures and thus minimize
patient morbidity [7].

With a focus on filling existing gaps in
the previous literature, this investigation is
expected to provide advanced knowledge to the
preoperative assessment protocols and thus
inform clinical practice. In the end, the
integration of precise ultrasound criteria into
routine axillary evaluation may contribute to
improving patient management and prognostic
stratification in breast cancer care [8, 9].

MATERIALS AND METHODS

Study Design and Patient Population:

This was a prospective observational study
conducted at Cancer Care Hospital and
Research center, Lahore and Department of
Radiology,  Chughtai  medical  center,
Faisalabad, Pakistan, between January 2022
and December 2024. Two hundred and fifty
patients with histologically confirmed breast
cancer, all scheduled for surgical intervention,
were enrolled. The participants had to be at least
18 years of age and had to have a new diagnosis
of breast carcinoma that required axillary
evaluation. Exclusion criteria included a history
of previous axillary surgery, a prior neoadjuvant
chemotherapy before imaging, or
contraindications to ultrasound examination.
The study was approved by the institutional
ethics committee, and all participants gave
written informed consent.

Ultrasound Examination:

High-frequency linear transducers (7-15 MHz)
were used on state-of-the-art ultrasound
systems to perform preoperative axillary
ultrasound examinations. Radiologists with a
minimum of ten years of experience in breast
imaging performed examinations according to
a standardized imaging protocol. Detailed
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assessment was performed of lymph node
morphology, with assessment of size, shape
(round versus oval), and margin definition.
Values exceeding 3 mm of cortical thickness
were considered abnormal and measured.
Presence or absence or eccentric displacement
of the central fatty hilum was assessed.
Intracellular vascularity and aberrant blood
flow patterns were evaluated using color and
power Doppler imaging and, in specific cases,
with color Doppler sonography. Lymph nodes
with a suspicious appearance included those
with a round configuration, cortical thickening,
loss or eccentric displacement of the fatty
hilum, or abnormal vascular patterns.
Histopathological Analysis:

Patients were then subjected to either surgical
excision (with ultrasound examination) or
image-guided core needle biopsy of the axillary
lymph nodes based on clinical indications. The
collected specimens were analyzed
histopathologically by experienced pathologists
blinded to the ultrasound findings. The
diagnostic ~ workup included  routine
hematoxylin and eosin staining, supplemented,
when necessary, by immunohistochemical
studies to definitively determine which, if any,
cell lines were extravasated and metastatic.
Lymph node metastasis was considered to be
diagnosed by histopathology.

Statistical Analysis:

The diagnostic performance of ultrasonography
was quantified through standard metrics:
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and
overall accuracy. Agreement between
sonographic and histopathological results was
gauged with Cohen’s k statistic. Continuous
data were summarized as means *+ standard
deviations or, when non-normally distributed,
as medians with interquartile ranges.
Categorical variables were expressed as
frequencies and percentages. All analyses were
carried out in a certified statistical package, and
a two-sided p-value below 0.05 denoted
statistical significance.

RESULTS

Patient Demographics:

A total of 80 participants, with a median age of
54 years (range 3278 years), were included in
the analysis. Histopathology confirmed
metastatic nodal disease in 42 individuals (52.5
%), while 38 (47.5 %) exhibited benign lymph-
node changes. A detailed summary of patient
demographics and histological findings appears
in Table 1.

Table-1: Patient Demographics and Histopathological Outcomes

Total Patients
Median Age (years)
Malignant

Benign

Ultrasound and Histopathological Correlation:

Axillary  ultrasound examinations  were
performed preoperatively to classify lymph
nodes as suspicious, or positive, for
malignancy, or non-suspicious, or negative.

Table 2 details how ultrasound findings were
compared to  histopathological results.

80
54 (32-78)
42 (52.5%)
38 (47.5%)

Ultrasound correctly identified 36 of the 42
malignant cases (true positives) and 33 of the
38 benign cases (true negatives), for 6 false
negatives and 5 false positives in this cohort
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Table-2: Correlation between Ultrasound Findings and Histopathological Results

Ultrasound Positive 36
Ultrasound Negative 6
Total 42
Diagnostic Performance:
Using conventional diagnostic  indices,

ultrasonography demonstrated a sensitivity of
85.7 % and a specificity of 86.8 %. The
aggregate accuracy stood at 86.3 %, with a
positive predictive value of 87.8 % and a

Table-3: Diagnostic Performance of Ultrasound

5 41
33 39
38 80
negative predictive value of 84.6 %.

Concordance between sonographic assessments
and histopathology, measured by Cohen’s «,
was 0.72 (p < 0.001), indicating robust
agreement. Table 3 presents these metrics in
full.

[ Metric_ Value |
Sensitivity 85.7%
Specificity 86.8%

Positive Predictive Value 87.8%
Negative Predictive Value 84.6%
Overall Accuracy 86.3%

Cohen’s Kappa

Continuous variables were summarised as
medians with their corresponding ranges,
whereas categorical data were expressed as
absolute counts and percentages. Diagnostic
indices were derived as follows: specificity was
the proportion of true-negative cases among all
nodes proven benign on histology, and
sensitivity was the proportion of true-positive
cases among all histologically confirmed
malignancies.

Positive and negative predictive values
reflected, respectively, the percentages of true
positives among ultrasound-positive nodes and
true negatives among ultrasound-negative
nodes. Overall accuracy was calculated by
dividing the sum of true positives and true
negatives by the total study population.
Agreement  between  sonographic  and
histological assessments was quantified with
Cohen’s « statistic; values were considered
significant when p < 0.05.Put simply, in this
cohort of 80 patients, axillary ultrasound
achieved high discriminatory power for benign
versus malignant nodes, with a level of

0.72 (p < 0.001)

concordance with histopathology that can be
regarded as substantial.

DISCUSSION

This study assessed the ultrasound performance
to distinguish benign from malignant axillary
lymph nodes in breast cancer patients using
histopathology as a reference standard.
However, when performed under standardized
protocols, experienced radiologists obtaining
ultrasound demonstrate a high sensitivity
(85.7%), specificity (86.8%), and overall
accuracy (86.3%). These findings are by several
previous studies that have emphasized the
utility of ultrasound in axillary staging;
however, reported values in the literature have
differed widely, being dependent on study
design, 1maging protocol, and operator
experience [10, 11].

This reinforces our belief that key
sonographic parameters, such as cortical
thickness, nodal shape, and the integrity of the
fatty hilum, are important in the identification
of metastatic involvement. Correlation of
ultrasound to histopathology, as evidenced by a
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Cohen’s kappa coefficient of 0.72, provides
strong evidence that ultrasound is a reliable
noninvasive preoperative axillary evaluation
modality [12]. Although our data are similar to
other studies, ultrasound can serve as an adjunct
or even a possible substitute for invasive
methods such as sentinel lymph node biopsy in
reducing patient morbidity of surgical
procedures [13, 14].

However, there are limitations to our
study. Our results may not generalize to larger
populations due to the relatively small sample
size of 80 patients. Furthermore, variability in
the interpretation of sonographic features due to
the inherent operator dependency of ultrasound
imaging could contribute to variability in the
results, and therefore the reproducibility, of
results in different clinical settings [15, 16]. Our
results need to be validated in future research
with larger multicentric cohorts, and it is
necessary to establish universal sonographic
criteria for the evaluation of axillary lymph
nodes. In addition, the use of advanced imaging
techniques and artificial intelligence algorithms
could further augment the diagnostic accuracy
and decrease the operator variability [17, 18].
CONCLUSION
Overall, our study shows high diagnostic
accuracy of ultrasound in distinguishing benign
from malignant axillary lymph nodes in breast
cancer patients, with a substantial concordance
with histopathological findings. Sonographic
parameters such as cortical thickness, nodal
morphology, and vascular patterns are detailed
assessed to provide a non-invasive and efficient
method for preoperative axillary staging.
Further research with larger, multicenter studies
is needed to validate these findings and further
refine imaging criteria, but these results support
using ultrasound as part of routine clinical
practice to help reduce the need for invasive
diagnostic procedures and improve patient
management in breast cancer care.
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