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Background: The differential diagnosis of lymphadenopathy is an important
determinant of prognosis in patients with breast cancer (BC). Invasive, fine
needle aspiration (FNA) biopsy has been long considered as the gold standard
for differentiating malignant lymph nodes (LN) from benign ones.
Ultrasonography (USG) evaluation is a useful, rapid, and user-friendly imaging
tool for LN assessment due to its high resolution. Compared to USG, ultrasound
elastography is a relatively novel non-invasive method to differentiate benign and
malignant lesions based on the stiffness heterogeneity of the tissue. The purpose
of our study was to compare non-invasive imaging techniques, conventional
USG, and strain elastography, to differentiate benign and malignant LNs lesions in
a cohort of patients with early BC.

Methods: In total, 50 patients (48 women and 2 men) with histologically
confirmed early BC were evaluated by conventional USG in B-mode followed
by strain elastography (using parameters: pattern, strain ratio, hue histogram) for
assessment of axillary LNs status. The surgical treatment included surgery of
regional LNs (sentinel LN biopsy or axillary dissection), which served as the gold
standard in statistical processing.

Results: The USG B-mode was found to have a sensitivity of 68.75% and a
specificity of 61.54%. Among strain elastography parameters, the elastographic
pattern showed the highest specificity (66.67%) while the sensitivity was 83.3%.
The strain ratio showed 100% sensitivity and 55.6% specificity, followed by a hue
histogram with a sensitivity of 72.2%, but specificity was only 25.9%.

Conclusion: Despite promising data, monitored parameters currently cannot
reliably replace sentinel LN biopsy. However, the monitored parameters
represent an appropriate additional tool that can be used to refine
preoperative staging, better targeting of FNA biopsy, and more accurate
assessment of LNs in follow-up patients within the dispensary.
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1 Introduction

Breast cancer (BC) is the most commonly diagnosed cancer
worldwide since 2022, with an estimated 2.29 million new cases a
year (11,7% of all cases), and it is the fifth most common cause of
death associated with oncologic disease, with 665 000 deaths (6,9%
of all cases). Considering women alone, it has not only the highest
incidence (24,5% of all cases) but also it is a leading cause of cancer-
related mortality (15,5% of all cases) (1, 2). In addition, the
incidence of BC in Europe has increased rapidly in recent
decades, and it is expected to increase in the future (2, 3).

The selection of standard treatment for BC depends on subtype and
metastatic status. The surgery, most often in combination with chemo-
or radiotherapy, is the most conventional approach to disease
management (4). Both a total mastectomy or lumpectomy, assuming
that clear margins can be achieved, have been shown consistently to be
equivalent with regard to relapse-free and overall survival (5). More than
90% of BC are not metastatic at the time of diagnosis; thus, preventing
recurrence after therapeutic tumor eradication is highly important (4).
Lymph node (LN) removal serves both a diagnostic purpose
(determining the anatomic extent of BC) and a therapeutic purpose
(removal of cancerous cells) (5). However, due to the high morbidity
caused by BC-related lymphedema (BCRL) (6), an alternative, less
radical approach enabling the surveillance without the risk of such
profound consequences is being applied whenever it is feasible. Axillary
lymph node dissection (ALND) still remains the standard of care in any
patient with clinically evident axillary involvement at diagnosis who
undergoes surgery as initial treatment (7).

Sentinel lymph node (SLN) surgery provides a certain reduction
of the side effects of lymph-node surgery but still offers outcomes
equivalent to ALND. Clinical trials demonstrated that in women
with clinically node-negative BC, there was no significant difference
in recurrence nor survival outcomes between women who
underwent full ALND vs. women who underwent SLN biopsy,
with conversion to ALND only if the SLN was positive (7).

Axillary LN sampling by ultrasound-guided fine needle
aspiration (US-FNA) has been lately advocated as a less invasive
in comparison to SLN, however; the results of the study of Attieh
et al. suggested that FNA is not a reliable tool in triaging patients in
need for ALND and leads to overtreatment of 43% patients when
positive while depriving a significant percentage (16.7%) of patients
from necessary therapy when negative (8). In addition to the
frequent inconclusive results of FNA and the fact that it often
utilizes radioactive trackers for visualization (9, 10), it is still an
invasive method. Thus, it is important to consider the risk/benefit
ratio to patients.

Truly non-invasive, very common, and accessible palpation
diagnostic is unreliable and subject to the individual experience of
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the examining physician (11). Several non-invasive imaging
methods like mammography (MM), ultrasonography (USG),
magnetic resonance imaging (MRI), and computed tomography
(CT) routinely used in BC diagnostic have been shown to be
superior to palpation examination (12, 13). One of such non-
invasive imaging technique used for the axillary staging of BC is
ultrasound elastography. Elastography visualizes different
deformation degrees of tissues with different hardness coefficients
after being compressed by external forces. It can assess the
deformability of tissues, show tissue elasticity, and reflect the
biological characteristics of lesions. It is capable of detecting
lesions that cannot be detected by routine US (14, 15). Currently,
the most commonly used types of elastography are strain
elastography (SE) and shear wave elastography (SWE) (16). SE
involves applying force through probe pressure or natural
mechanical forces, such as carotid pulsation. On the other hand,
SWE uses an imaging system to induce a shear wave in the tissue. In
both methods, the tissue’s response to these mechanical stimuli
helps estimate its mechanical properties (17)

The objective of this study was to assess the sensitivity and
specificity of the LN elastography method (SE approach), to
determine the most suitable parameters for estimation of the
lymphatic nodes infiltration by metastases, and to identify the
relationships of output data to individual parameters characterizing BC.

2 Materials and methods

This study was conducted in accordance with the Declaration of
Helsinki and approved by the institutional ethical committee of
Jessenius University of Medicine in Martin (EK 32/2020). Informed
written consent was obtained from each patient included in
the study.

2.1 Patients

This study enrolled 50 patients (48 women and 2 men)
hospitalized at the Surgical Clinic of the Jessenius University of
Medicine in Martin and University Hospital in Martin in 2020 -
2021 with histologically confirmed BC. The age range of all patients
was 59 * 13 years. Patients with early-stage breast tumors,
specifically DCIS (Ductal Carcinoma In Situ) and T1-T2 stages,
were included in the study (they were determined by
mammography and ultrasonography - USG). The characteristics
of these tumors are now detailed based on both their molecular-
biological subtypes (Luminal A, Luminal B, HER2 type, Triple-
negative) and their size, classified according to the 8th edition of the

frontiersin.org


https://doi.org/10.3389/fonc.2025.1478701
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Smolar et al.

TNM system. Tumor sizes range from Tis (DCIS without basement
membrane invasion), to Tla (tumors up to 5 mm), T1b (up to 10
mm), Tlc (up to 19 mm), and T2 (tumors between 2 and 5 cm).
These criteria were adopted following the American Joint
Committee on Cancer’s Staging System for Breast Cancer, Eighth
Edition, which offers a standardized framework for the
categorization of breast cancer stages and helps ensure
consistency with other clinical studies (reference: http://
www.breastsurgeonsweb.com/wp-content/uploads/downloads/
2020/10/AJCC-Breast-Cancer-Staging-System.pdf), All patients
underwent standard biopsy of sentinel LN or axillary dissection.
Histopathological results were subsequently used as reference
standards for comparison of USG and elastography examination.
Sentinel LN detection was performed using radioactive colloids
with the 1-day protocol or 2-day protocol. Patent blue dye was used
in one case (Table 1).

2.2 Evaluated parameters

Clinical, USG, and elastographic parameters were monitored
for each patient involved in the study. All evaluated parameters
were correlated with histological analysis (the gold standard for
detecting LNs involvement in malignancy). Also, sensitivity,
specificity, positive predictive value (PPV), and negative
predictive value (NPV) were determined.

2.2.1 Clinical and conventional USG parameters

Clinical parameters involved LN staging of BC (cNO = no
palpable or visibly enlarged inguinal LN, cN1 = palpable mobile
unilateral inguinal LN). Additionally, USG parameters included
spherical LN, change in echogenicity - the entire LN is hypoechoic,
and signs of a ruptured capsule.

2.2.2 Elastography parameters

The strain elastography method was utilized for the
examination of patients. A certified doctor for an elastographic
examination performed the measurement using a Hitachi USG
device. The preoperative measurement was realized the day before
surgery or in the morning on the day of the surgery. The monitored
parameters included B-mode examination, strain ratio (SR), hue
(strain) histogram (SH), and pattern. According to the protocol,
three LNs were examined. To reduce measurement errors, SR and
SH were realized in triplicates.

TABLE 1 Methods of sentinel LN detection.

Sentinel LN detection n (%)

Radionuclide method 47 (94%)
1-day protocol 7 (14%)
2-day protocol 40 (80%)

Patent blue dye 1 (2%)
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2.3 Statistical analysis of the data

Data analysis was performed in the R environment (R
Foundation for Statistical Computing, Vienna, Austria) version
4.0.5. Discrete data were summarized using frequencies and
relative frequencies (displayed in tables). Pivot tables were
displayed using a mosaic chart. Continuous variables were
summarized using mean and standard deviation. The null
hypothesis of no association between two factors was tested by
the Fisher test and the absence of a trend in the contingency table
was assessed by the Cochran Armitage test. Welch’s t-test was used
to test the null hypothesis of equality of population means in two
populations. Data normality was assessed using a quantile-quantile
plot with a 95% confidence band constructed using the bootstrap
method. The empirical ROC curve was used to assess the
discriminative ability of the predictors. Youden’s index was taken
as the optimal point on the ROC curve (determining the sensitivity
and specificity of the investigation methodology).

3 Results
3.1 Tumors characteristics

Based on preoperative biopsy and histopathology analysis, the
most frequent tumors in our patients cohort were invasive breast
carcinoma no special type (NST) (72%), followed by invasive
lobular carcinoma (14%), invasive breast carcinoma with apocrine
differentiation (4%), ductal carcinoma in situ (DCIS) (4%),
mucinous carcinoma (4%) and micro-invasive carcinoma (4%).
According to molecular classification, tumors were divided into
luminal A (56%), luminal B (24%), HER2 (4%), and triple-negative
BC (12%). Clinical examination of tumor size using imaging
methods revealed a higher prevalence of patients with Tlc tumor
(50%), followed by T2 (24%), T1b (22%), T1la (2%), and Tis (2%).
According to USG and clinical signs of nodal status, two patients
underwent axillary dissection. Patients and tumor characteristics
are presented in Table 2.

3.2 Clinical examination

The clinical examination of regional LNs by palpation revealed 11
patients (22%) with cN1. On the other hand, 39 patients (78%) were
classified as cNO. Subsequent histological validation confirmed one
false positive result and ten false negative observations. The clinical
assessment of LNs involvement in BC reached 50% sensitivity, 96.7%
specificity, 90.9% PPV, and 74.4% NPV (Figure 1).

3.3 USG examination

A preoperative USG examination of axillary LNs recognized
false positive results in 2 cases, while the incidence of false positivity
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TABLE 2 Patients and tumor characteristics.

Characteristics n (%)
Age (v) ‘ 59+ 13
‘ Gender
Men 2 (4%)
Women 48 (96%)
‘ Histopathology
Invasive breast carcinoma NST 36 (72%)
Lobular invasive carcinoma 7 (14%)
Invasive breast carcinoma with apocrine differentiation 2 (4%)
DCIS 2 (4%)
Mucinous carcinoma 2 (4%)
Microinvasive carcinoma 1 (2%)
Molecular subtype
Luminal A 28 (56%)
Luminal B 12 (24%)
HER2 4 (8%)
Triple-negative BC 6 (12%)
Clinical evaluation of tumor size
Tlc tumor 25 (50%)
T2 12 (24%)
Tlb 11 (22%)
Tla 1 (2%)
Tis 1(2%)
No. of sentinel LN removed
1 1 (2%)
2 21 (42%)
3 23 (46%)
4 3 (6%)
Axillary dissection 2 (4%)

BC, breast cancer; DCIS, ductal carcinoma in situ; LN, lymph node; NST, no special type.

was documented in 10 cases. The PPV of this examination reached
83.3% and the NPV was 73.7% (Figure 2).

3.4 Elastography parameters

In our study, the using of elastography for the assessment of
LNs began with the evaluation of B-mode, followed by additional
elastographic parameters (Pattern, SR, SH). The overall success rate
for the realization of elastographic examination was 90%. In five
cases, the elastography failed due to obesity [patients’ body mass
index (BMI) was 30,02 - 36,8 kg/m*]. Of the mentioned five cases,
infiltration of 1 sentinel LN by macro metastasis was histologically
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Mosaic plot of LN vs cN
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No N1
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FIGURE 1
Mosaic plot illustrating the cross-tabulation of LN versus cN. The
percentage displayed within each block represents the proportion of
the total number of patients. LN, lymph node.

confirmed in 2 patients. Figures 3 and 4 present elastography
images comparing metastatic lymph nodes with benign ones
during surgery.

3.5 B-mode USG findings

The B-mode USG method was used to evaluate signs of
malignant transformation of LNs (spherical LNs, change in
echogenicity, and signs of a ruptured capsule). We analyzed
number of observed parameters. Afterward, we compared the
results of the B-mode USG observation to histological findings of
LNs status. Further, we determined the sensitivity and specificity of
B-mode in differentiating malignant LNs from benign ones. The
frequency of USG signs of LNs involvement by metastases in
histologically verified benign and metastatic LN is graphically
summarized using a box plot (Figure 5A). The association
between LN without and with metastasis was statistically
significant (p = 0.038). Using the Youden Index of USG at B-
mode to differentiate the LN state, we estimated a sensitivity and
specificity of 68.75% and 61.54%, respectively (Figure 5B).

3.6 Qualitative elastographic
findings (pattern)

In the study design, we planned to evaluate three LNs of each
patient. Overall, we performed only three examinations of all three
LNs out of 45 patients who underwent elastography. Two LNs were
examined in 26 patients. The four-point elastographic scale was
used for the evaluation of elastographic patterns. Elastography
patterns I and II were classified as benign and III and IV as

frontiersin.org


https://doi.org/10.3389/fonc.2025.1478701
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Smolar et al.

Mosaic plot of LN vs USG
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FIGURE 2

Mosaic plot illustrating the cross-tabulation of LN versus USG. The
percentage displayed within each block represents the proportion of
the total number of patients. LN, lymph node;

USG, ultrasonography.

malignant. Of 45 cases, a benign pattern was estimated in 21
patients (P I and P II), and a malignant pattern (P II and P IV)
was identified in 24 patients. In 18 cases, the classification of LNs by
pattern showed the benign character of tissue correctly, while in 15
cases, LNs were evaluated as benign. According to our results, the
color pattern showed a diagnostic accuracy of 73.3%. The number
of clinically relevant false negative and clinically irrelevant false
positive results was 3 (6.67%) and 9 (20%), respectively. The
sensitivity and specificity of this parameter were 83.3% and
66.67%, respectively (Figure 6A). In addition, PPV was 62.5%
while NPV was 85.7%. For graphical summarization of individual

10.3389/fonc.2025.1478701

patterns (EG score) depending on the dignity of LNs (histologically
classified), we set up a median for benign LN (P II) and malignant
LN (P III) (Figure 6B).

3.7 Quantitative elastographic findings
(strain ratio)

Using semiquantitative strain ratio (SR), we performed three
measurements for each visualized LN to eliminate methodology
errors. Axillary fat (fat-to-lesion ratio) was used as a reference tissue
for LN evaluation. The average SR value was 6.98 for benign LN and
9.58 for metastatic LN. Logarithmic transformation to realize a more
normal distribution revealed significant differences between malignant
and benign LN (p = 0.0093) (Figure 7A). In our study, we identified SR
with a sensitivity of 100% and a specificity of 55.6% (Figure 7B).

3.8 Quantitative elastographic findings
(hue elastogram — elasticity score)

We evaluated each visualized LN in three measurements.
Subsequently, we calculated the mean of all three values, which
were further statistically processed. The final mean value for benign
LN was 93.39, while metastatic LN showed a mean value of 58.915
(p = 0.0065) (Figure 8A). Hue histogram showed a sensitivity of
72.2% but a specificity of only 25.9% (Figure 8B).

3.9 Comparison of B-mode and B-mode
+ elastography

We compared strain elastography (SE) to B-mode ultrasound. We
trained two Random Forest (RF) models: one using B-mode
ultrasound as the sole predictor (RE-B), and another using both B-

FIGURE 3

Elastography image of the metastatic lymph node - EG Pattern 5 (Tsukuba Elasticity Score 5).
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FIGURE 4

Elastography image of the benign lymph node - EG Pattern 2 (Tsukuba Elasticity Score 2).

mode ultrasound and EGmax as predictors (RF-B-E). Then, we
constructed Out-Of-Bag (OOB) ROC curves and compared the
corresponding AUCs using both Venkatraman’s test and DeLong’s
test. Then, we tested the null hypothesis of equality of AUCs, in paired
setting. The AUC for RF with B-mode was 0.54, for RF with both B-
mode and EGmax it was 0.67. P-value from Venkatraman’s test was
0.0075, whereas Delong’s test led p-value 0.3827. All comparisons are
summarized in Figure 9. Table 3 summarized performance metrics
(sensitivity, specificity, NPV, PPV, accuracy, precision, recall, F-
measure, and Youden index) for both Random Forest models (RF-B
and RF-B-E) based on the OOB class predictions.

A comparison of all three parameters of elastography is
summarized in Figure 10. Based on acquired data, the best results

showed pattern (EG score) and strain ratio. Using ultrasonographic
B-mode, we revealed lower sensitivity. Finally, the hue histogram
exerted good sensitivity but low specificity.

4 Discussion

The differentiation between malignant and benign tumors using a
non-invasive method represents an innovative technique to achieve
improved characterization of tumor and patient-tailored therapy.
Currently, histopathological examination of tumor tissue obtained
from biopsy remains the gold standard for preoperative BC diagnosis
(18). Real-time elastography is a relatively novel, promising, non-

Boxplot and Empirical ROC for B-mode

A B
LN @8 benign @ malignant
T-test, p = 0.038 . 1.00
° 0.90
.
_o1s
£20 z
S . - =
- . >
3 ° . Zos0
o . o° b=
g ) N L] 2
=) vov—2 ¥ g
10 °« ° 0 0.25
° ol ®
. I: . . 0.10
L]
0.00
benign malignant 0.00 010 025 0.50 075  0.90 1.00
LN 1 - Specificity (FPR)

FIGURE 5

Evaluation using B-mode ultrasonography. (A) Boxplot and swarmplot of data points for B-mode. Benign cases are represented in blue, while
malignant cases are shown in red. The larger dot indicates the mean value for each group. The p-value is derived from a two-sample t-test.
(B) Empirical Receiver Operating Characteristic (ROC) curve for B-mode. In this plot, TPR refers to the True Positive Rate, and FPR denotes the False

Positive Rate. LN, lymph node.
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Boxplot and Empirical ROC for EG score
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FIGURE 6

(A) Boxplot and swarmplot of data points for EG score. Benign cases are represented in blue, while malignant cases are shown in red. The larger dot
indicates the mean value for each group. The p-value is derived from a two-sample t-test. (B) Empirical Receiver Operating Characteristic (ROC)
curve for EG score. In this plot, TPR refers to the True Positive Rate, and FPR denotes the False Positive Rate. LN, lymph node.

invasive method to reveal the viscoelastic properties of tissue to
generate qualitative and quantitative assessment of elasticity values,
developed as an alternative to tissue biopsy (19).The aim of the study
was to investigate a non-invasive elastographic imaging technique for
the assessment of LN status in the cohort of patients with early-stage
BC (T1 and T2). In addition, according to the heterogeneity of
stiffness, we attempted to distinguish benign and malignant LN and
compared acquired results from elastography examination with
routinely used B-mode USG and physical examination in clinical
staging of axillary LNs in BC patients. B-mode USG represents one of
the recommended imaging techniques for the determination of node
staging in gastric, pancreatic, and esophageal cancer (20-22). Above
all, previous studies have found that the specificity of conventional B-
mode imaging is not high (around 80%) (23, 24). In our study, the B-

mode USG examination yielded lower specificity compared to
previously mentioned studies (only about 60%). As was reported in
several studies, elastography-based imaging techniques can
distinguish malignant from benign masses by their stiffness (25-
27). Giovannini et al. (2006) used sonoelastography to differentiate
malignant and benign pancreatic tissue and LNs. The elastographic
examination for LN invasion revealed a sensitivity of 100%, while a
specificity was only 50% (28). In another study, Janssen et al. (2008)
confirmed the accuracy of endosonographic elastography at 85% -
90% for differentiation between malignant and benign LNs (23). The
benefits of ultrasound elastography include real-time visualization,
non-invasiveness, and high specificity that can be effectively used in
the differentiated diagnostic of malignant diseases and determination
of LN involvement (29). It is important to note that the false negative

Boxplot and Empirical ROC for SR LN
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(A) Boxplot and swarmplot of data points for SR-LN. Benign cases are represented in blue, while malignant cases are shown in red. The larger dot
indicates the mean value for each group. The p-value is derived from a two-sample t-test. (B) Empirical Receiver Operating Characteristic (ROC)
curve for SR-LN. In this plot, TPR refers to the True Positive Rate, and FPR denotes the False Positive Rate. LN, lymph node.
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Boxplot and Empirical ROC for SH LN
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(A) Boxplot and swarmplot of data points for SH-LN. Benign cases are represented in blue, while malignant cases are shown in red. The larger dot
indicates the mean value for each group. The p-value is derived from a two-sample t-test. (B) Empirical Receiver Operating Characteristic (ROC)
curve for SH-LN. In this plot, TPR refers to the True Positive Rate, and FPR denotes the False Positive Rate. LN, lymph node.

rate of sentinel LN biopsy of up to 10% is defined as non-acceptable
(corresponding to a sensitivity of 90%) (30). Therefore, innovative
non-invasive methods to determine the malignant status of LNs can
be considered accurate and reliable only in accordance with
acceptation of a mentioned criteria.

The diagnostic performance of ultrasound elastography
provides two types of evaluation, quantitative (strain ratio and
hue histogram) and qualitative (color pattern) (31). Up to now,
several studies have evaluated elastography for the determination of
axillary staging (all observations were confirmed by histopathology
analysis). The authors of these studies distinguished malignant from
benign tissue with a specificity of 56.2 — 95.65% and a sensitivity of
66.7% — 86% using qualitative elastographic patterns (27, 32-36). In
our study, we identified a specificity of 66.67% and a sensitivity of
83.3% by the use of elasticity patterns. Only Onol et al. (2020)
reported results in which the sensitivity of elastography was higher

than 90% (36). The American Society of Clinical Oncology (ASCO)
analyzed false negative rates for sentinel LNs detected by the most
common technique (radionuclides, patent blue) based on the results
from 6 studies in the range of 4.6 — 16.7% (average of 8.4%). The
American Society of Breast Surgeons (ASBrS) defined the
acceptable tolerance limit of false negative rates for sentinel LN
detection as 5% (37). In 2018, Xu et al. reported false negative rates
of 13.5% (35). Our findings revealed false negative results in 3 cases
(false negative rates 6.67%). On the other hand, false-positive results
were documented in 9 cases (20%). The false positive rates do not
include risk for patients because all probands were indicated for
sentinel LN biopsy.

As a semiquantitative parameter, SR provides information by
comparing a lesion to the surrounding normal tissue (38). This
parameter correlates with malignancy or benignity characteristics of
lesions in which a higher SR ratio is generally considered for
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TABLE 3 Detailed performance metrics for both for both Random Forest
models (RF-B and RF-B-E) based on the OOB class predictions.

Performance Metrics for
RF-B-E (B-mode + EGmax)

Performance Metrics for
RF-B (B-mode only)

Metric Value Metric Value
Sensitivity 0.50 Sensitivity 0.70
Specificity 0.45 Specificity 0.65
NPV 0.38 NPV 0.59
PPV 0.58 PPV 0.75
Accuracy 0.48 Accuracy 0.68
Precision 0.58 Precision 0.75
Recall 0.50 Recall 0.70
F-measure 0.54 F-measure 0.72
Youden Index -0.05 Youden Index 0.35

NPV, negative predictive value; PPV, positive predictive value.

malignancy while a lower SR ratio indicates a benign lesion. Doaa
et al. (2016) showed SR ratio of 1.60 for benign LNs and 3.45
indicating malignancy (39). In another study, Xu et al. (2018)
reported SR value of 2.35 + 1.80 for benign and 12.64 + 5.30 for
malignant LNs (35). In the Okasha et al. study, the SR ratio was > 4.6
for malignant masses (40). Our results showed an average SR ratio for
benign LNs of 6.98 and lesions with SR of 9.58 were categorized as
malignant. The clinical studies using real-time strain elastography
reported an overall sensitivity of 71.6% (34), 85% (41), 87% (35),
93.3% (39), and 100%, while a specificity was in the range of 75 - 76%

10.3389/fonc.2025.1478701

(34, 35, 39). Higher specificity (98%) was documented in a study by
Lyshchik et al. (2007) (41). Our results are comparable to that of
Pehlivan et al. (42) Thus, we confirmed 100% sensitivity and only
55.6% specificity of strain elastography. The use of SR parameter of
elastography can be an adjunctive tool to ultrasonography, improving
accuracy from 70.8% (USG) to 84.3% (elastography) (43). Novel
ultrasound platforms have integrated software for the evaluation of
hue histogram. A Hue histogram is generated by converting color
frames to numerical form to obtain the elasticity information (44).
Nowadays, hue histogram analysis of real-time elastography is used
for the non-invasive assessment of liver diseases and along with
endosonography for the assessment of pancreatic tumors (45).
Evaluating LN metastasis via hue histogram analysis is currently
practiced in veterinary medicine. In a study by Choi et al. (2019)
focusing on the differentiation between non-metastatic and
metastatic LNs in dogs, a sensitivity and specificity 100% and 92%,
respectively, were obtained (46). Our study showed that although hue
histogram analysis demonstrated 72.2% sensitivity, the specificity was
only 25.9%. Currently, most cases of breast carcinoma are diagnosed
in the early stage, without spreading to the axillary LNs. Preoperative
diagnosis of LNs includes fine needle aspiration (FNA) biopsy and
USG with an overall diagnostic sensitivity of 80 - 100%. The
mentioned level of sensitivity is directly proportional to the size of
the affected LN. For small LNs (up to 5 mm in size), the sensitivity of
FNA and USG decreases to around 44% (47). This limitation can be
eliminated by combining elastography and FNA biopsy, allowing
precise identification of the part of the LN with the highest hardness,
thus allowing LN biopsy to be more precise. Therefore, combining
elastography and USG can represent one of the most effective ways to
reduce false positive results in the preoperative management of LN
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status (44). Moreover, nonsurgical (clinical) axillary LNs assessment
shows high false positive results rates. Subsequent histological
analysis reveals up to 70% clinical positive LNs without metastatic
involvement (48). In our study, we observed low sensitivity (50%) of
clinical examination (a specificity was 96.7%). Therefore, the
assessment of axillary LNs by palpation is demonstrated to be
inaccurate, resulting in the overmedication of patients and
increased risk of lymphoedema development or other health
complications as a result of the low sensitivity of clinical examination.

Also, it is important to acknowledge several limitations in our
study. Briefly, it can be summarized in these points: 1) the
variability in the results of available studies and small sample
sizes, which are significantly biased towards malignant LNs, arise
from the clinical necessity of their histological analysis; 2) lack of
standardization of the strain elastography method; 3) some
malignant LNs are not significantly stiffer (e.g., in malignant
lymphoma, LNs have similar elasticity to reference tissue).

In conclusion, according to our observation and results from
similar published studies focused on the elastography examination of
LN's status, strain elastography is currently inappropriate for replacing
invasive sentinel LN biopsy. However, as the adjuvant diagnostic tool,
strain elastography showed usefulness for improving the evaluation
capacity of USG and allows more precise FNA biopsy.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by institutional
ethical committee of Jessenius University of Medicine in Martin
(EK 32/2020). The studies were conducted in accordance with the
local legislation and institutional requirements. The participants
provided their written informed consent to participate in this study.

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71:209-49. doi: 10.3322/
caac.21660

2. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA: A Cancer ] Clin. (2024) 74:229-63. doi: 10.3322/
caac.21834

3. Giaquinto AN, Sung H, Newman LA, Freedman RA, Smith RA, Star ], et al. Breast
cancer statistics 2024. CA: A Cancer ] Clin. (2024) 74:477-95. doi: 10.3322/caac.21863

4. Waks AG, Winer EP. Breast cancer treatment: A review. JAMA. (2019) 321:288-
300. doi: 10.1001/jama.2018.19323

5. Fisher B, Anderson S, Bryant ], Margolese RG, Deutsch M, Fisher ER, et al.
Twenty-year follow-up of a randomized trial comparing total mastectomy,
lumpectomy, and lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl ] Med. (2002) 347:1233-41. doi: 10.1056/NEJM0a022152

Frontiers in Oncology

10

10.3389/fonc.2025.1478701

Author contributions

MSm: Visualization, Writing - original draft, Writing - review &
editing. EK: Data curation, Writing - original draft. ID: Data
curation, Writing — review & editing. VL: Formal Analysis, Writing
- original draft. ZD: Resources, Writing - review & editing. DM: Data
curation, Formal Analysis, Writing - review & editing. MG: Software,
Validation, Writing - review & editing. LN: Data curation,
Supervision, Writing — review & editing. PU: Conceptualization,
Formal Analysis, Investigation, Writing — review & editing. MSa:
Formal Analysis, Writing — original draft, Writing — review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Scientific Grant Agency of the Ministry of
Education, Science, Research and Sport of the Slovak Republic and
Slovak Academy of Sciences (grant number VEGA 1/0286/22).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

6. Donahue PMC, MacKenzie A, Filipovic A, Koelmeyer L. Advances in the
prevention and treatment of breast cancer-related lymphedema. Breast Cancer Res
Treat. (2023) 200:1-14. doi: 10.1007/s10549-023-06947-7

7. Krag DN, Anderson §J, Julian TB, Brown AM, Harlow SP, Costantino JP, et al.
Sentinel-lymph-node resection compared with conventional axillary-lymph-node
dissection in clinically node-negative patients with breast cancer: overall survival
findings from the NSABP B-32 randomised phase 3 trial. Lancet Oncol. (2010)
11:927-33. doi: 10.1016/S1470-2045(10)70207-2

8. Attich M, Jamali F, Berjawi G, Saadeldine M, Boulos F. Shortcomings of
ultrasound-guided fine needle aspiration in the axillary management of women with
breast cancer. World ] Surg Oncol. (2019) 17:208. doi: 10.1186/s12957-019-1753-y

9. Lynch MA, Jackson ], Kim JA, Leeming RA. Optimal number of radioactive
sentinel lymph nodes to remove for accurate axillary staging of breast cancer. Surgery.
(2008) 144:525-31. doi: 10.1016/j.surg.2008.06.005

10. Lauridsen MC, Garne JP, Sorensen FB, Melsen F, Lernevall A, Christiansen P.
Sentinel lymph node biopsy in breast cancer—experience with the combined use of dye

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21834
https://doi.org/10.3322/caac.21863
https://doi.org/10.1001/jama.2018.19323
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1007/s10549-023-06947-7
https://doi.org/10.1016/S1470-2045(10)70207-2
https://doi.org/10.1186/s12957-019-1753-y
https://doi.org/10.1016/j.surg.2008.06.005
https://doi.org/10.3389/fonc.2025.1478701
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Smolar et al.

and radioactive tracer at Aarhus University Hospital. Acta Oncol. (2004) 43:20-6.
doi: 10.1080/02841860310017757

11. Giinther-Tritsch K, Bojahr B, Ohlinger R. Diagnostic value of palpation and
ultrasonography for diagnosing breast cancer recurrence after mastectomy-a
comparison. Ultraschall Med. (2009) 30:577-84. doi: 10.1055/s-0028-1109701

12. Riebe E, Giinther K, Schulz K, Kéhler G, Schimming A, Schwesinger G, et al.
Recurrent disease after breast preserving therapy (BPT) and radiation therapy for
breast cancer-diagnostic yield of palpation, mammography and ultrasonography.
Ultraschall Med. (2007) 28:394-400. doi: 10.1055/s-2007-963019

13. Gold LS, Klein G, Carr L, Kessler L, Sullivan SD. The emergence of diagnostic
imaging technologies in breast cancer: discovery, regulatory approval, reimbursement,
and adoption in clinical guidelines. Cancer Imaging. (2012) 12:13-24. doi: 10.1102/
1470-7330.2012.0003

14. Zhou J, Zhang Q, Zhang Q, Yan L, Gao Q. Evaluation of the property of axillary
lymph nodes and analysis of lymph node metastasis factors in breast cancer by
ultrasound elastography. Comput Math Methods Med. (2022) 2022:8066289.
doi: 10.1155/2022/8066289

15. Polat AV, Ozturk M, Polat AK, Karabacak U, Bekci T, Murat N. Efficacy of
ultrasound and shear wave elastography for the diagnosis of breast cancer-related
lymphedema. J Ultrasound Med. (2020) 39:795-803. doi: 10.1002/jum.15162

16. Jia W, Luo T, Dong Y, Zhang X, Zhan W, Zhou J. Breast elasticity imaging techniques:
comparison of strain elastography and shear-wave elastography in the same population.
Ultrasound Med Biol. (2021) 47:104-13. doi: 10.1016/j.ultrasmedbio.2020.09.022

17. Ozturk A, Grajo JR, Dhyani M, Anthony BW, Samir AE. Principles of
ultrasound elastography. Abdom Radiol. (2018) 43:773-85. doi: 10.1007/s00261-018-
1475-6

18. d’Amati A, Mariano M, Addante F, Giliberti G, Tomasicchio G, Mastropasqua
MG. When histological tumor type diagnosed on core biopsy changes its face after
surgery: report of a deceptive case of breast carcinoma. Reports. (2022) 5:38.
doi: 10.3390/reports5040038

19. Shaaban MA, Aly AE-AK. Real-time ultrasound elastography: Does it improve
B-mode ultrasound characterization of solid breast lesions Egyptian ] Radiol Nucl Med.
(2012) 43:301-9. doi: 10.1016/j.jrnm.2012.02.002

20. Xu J, Zhang M, Cheng G. Comparison between B-mode ultrasonography and
contrast-enhanced ultrasonography for the surveillance of early stage pancreatic
cancer: a retrospective study. J Gastrointest Oncol. (2020) 11:1090-7. doi: 10.21037/
jgo-20-412

21. Giovannini M, Botelberge T, Bories E, Pesenti C, Caillol F, Esterni B, et al.
Endoscopic ultrasound elastography for evaluation of lymph nodes and pancreatic
masses: A multicenter study. World ] Gastroenterol. (2009) 15:1587-93. doi: 10.3748/
wjg.15.1587

22. Sazuka T, Akai T, Uesato M, Horibe D, Kuboshima M, Kitabayashi H, et al.
Assessment for diagnosis of lymph node metastasis in esophageal cancer using
endoscopic ultrasound elastography. Esophagus. (2016) 13:254-63. doi: 10.1007/
510388-016-0521-0

23. Janssen J. (E)US elastography: current status and perspectives. Z Gastroenterol.
(2008) 46:572-9. doi: 10.1055/s-2008-1027379

24. Dietrich CF, Saftoiu A, Jenssen C. Real time elastography endoscopic ultrasound
(RTE-EUS), a comprehensive review. Eur ] Radiol. (2014) 83:405-14. doi: 10.1016/
j.ejrad.2013.03.023

25. Xu W, Shi J, Zeng X, Li X, Xie W-F, Guo J, et al. EUS elastography for the
differentiation of benign and Malignant lymph nodes: a meta-analysis. Gastrointest
Endosc. (2011) 74:1001-9. doi: 10.1016/j.gie.2011.07.026

26. Ozel D, Ozel BD. Evaluation of diagnostic value of conventional and color
Doppler ultrasound with elastography strain ratios in differentiation between benign
and Malignant lymph nodes. Pol ] Radiol. (2018) 83:e32-6. doi: 10.5114/pjr.2018.73293

27. Wang B, Guo Q, Wang J-Y, Yu Y, Yi A-J, Cui X-W, et al. Ultrasound
elastography for the evaluation of lymph nodes. Front Oncol. (2021) 11:714660.
doi: 10.3389/fonc.2021.714660

28. Giovannini M, Hookey LC, Bories E, Pesenti C, Monges G, Delpero JR.
Endoscopic ultrasound elastography: the first step towards virtual biopsy?
Preliminary results in 49 patients. Endoscopy. (2006) 38:344-8. doi: 10.1055/s-2006-
925158

29. DeJong HM, Abbott S, Zelesco M, Kennedy BF, Ziman MR, Wood FM. The
validity and reliability of using ultrasound elastography to measure cutaneous stiffness,

Frontiers in Oncology

11

10.3389/fonc.2025.1478701

a systematic review. Int ] Burns Trauma. (2017) 7:124-41. https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC5768929/.

30. Liu Z, Jing H, Han X, Shao H, Sun Y-X, Wang Q-C, et al. Shear wave
elastography combined with the thyroid imaging reporting and data system for
Malignancy risk stratification in thyroid nodules. Oncotarget. (2017) 8:43406-16.
doi: 10.18632/oncotarget.15018

31. Jaffri M, Sachdev AH, Khanna L, Gress FG. The role of real time endoscopic
ultrasound guided elastography for targeting EUS-FNA of suspicious pancreatic
masses: A review of the literature and A single center experience. J Pancreas. (2016)
17:0-0. https://www.primescholars.com/.

32. Lo W-C, Cheng P-W, Wang C-T, Liao L-J. Real-time ultrasound elastography:
an assessment of enlarged cervical lymph nodes. Eur Radiol. (2013) 23:2351-7.
doi: 10.1007/500330-013-2861-7

33. Tsai W-C, Lin CK-J, Wei H-K, Yu B-L, Hung C-F, Cheng SH, et al. Sonographic
elastography improves the sensitivity and specificity of axilla sampling in breast cancer:
a prospective study. Ultrasound Med Biol. (2013) 39:941-9. doi: 10.1016/
j.ultrasmedbio.2012.12.013

34. Acu L, Oktar SO, Acu R, Yiicel C, Cebeci S. Value of ultrasound elastography in
the differential diagnosis of cervical lymph nodes: A comparative study with B-mode
and color doppler sonography. J Ultrasound Med. (2016) 35:2491-9. doi: 10.7863/
ultra.15.09019

35. Xu Y, Bai X, Chen Y, Jiang L, Hu B, Hu B, et al. Application of real-time
elastography ultrasound in the diagnosis of axillary lymph node metastasis in breast
cancer patients. Sci Rep. (2018) 8:10234. doi: 10.1038/s41598-018-28474-y

36. Onol S, Ozkaya O. Diagnostic value of real-time elastography in diagnosing
lymph node metastasis of skin cancer. Cureus. (2020) 12:€10997. doi: 10.7759/
cureus.10997

37. Han C, Yang L, Zuo W. A mini-review on factors and countermeasures
associated with false-negative sentinel lymph node biopsies in breast cancer. Chin |
Cancer Res. (2016) 28:370-6. doi: 10.21147/j.issn.1000-9604.2016.03.12

38. Shehata RMA, El-Sharkawy MAM, Mahmoud OM, Kamel HM. Qualitative and
quantitative strain and shear wave elastography paradigm in differentiation of breast
lesions. Egyptian ] Radiol Nucl Med. (2022) 53:23. doi: 10.1186/s43055-022-00697-0

39. Hasan DI, Ahmed AF, Haggag R, Motaleb MA. Ultrasound elastography in
pathological enlarged cervical lymph nodes compared to histopathology. Egyptian |
Radiol Nucl Med. (2016) 47:1349-59. doi: 10.1016/j.ejrnm.2016.07.008

40. Okasha H, Elkholy S, Sayed M, El-Sherbiny M, El-Hussieny R, El-Gemeie E, et al.
Ultrasound, endoscopic ultrasound elastography, and the strain ratio in differentiating
benign from Malignant lymph nodes. Arab ] Gastroenterol. (2018) 19:7-15.
doi: 10.1016/}.2jg.2018.01.001

41. Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Hiraoka M, et al. Cervical lymph
node metastases: diagnosis at sonoelastography—Initial experience. Radiology. (2007)
243:258-67. doi: 10.1148/radiol.2431052032

42. Pehlivan M, Gurbuz MK, Cingi C, Adapinar B, Degirmenci AN, Acikalin FM,
et al. Diagnostic role of ultrasound elastography on lymph node metastases in patients
with head and neck cancer. Braz J Otorhinolaryngol. (2019) 85:297-302. doi: 10.1016/
j.bjorl.2018.01.002

43. Teng D-K, Wang H, Lin Y-Q, Sui G-Q, Guo F, Sun L-N. Value of ultrasound
elastography in assessment of enlarged cervical lymph nodes. Asian Pac ] Cancer Prev.
(2012) 13:2081-5. doi: 10.7314/apjcp.2012.13.5.2081

44. Popescu A, Saftoiu A. Can elastography replace fine needle aspiration? Endosc
Ultrasound. (2014) 3:109-17. doi: 10.4103/2303-9027.123009

45. Saftoiu A, Gheonea DI, Ciurea T. Hue histogram analysis of real-time
elastography images for noninvasive assessment of liver fibrosis. Am ] Roentgenology.
(2007) 189:W232-3. doi: 10.2214/AJR.07.2571

46. Choi M, Yoon J, Choi M. Semi-quantitative strain elastography may facilitate
pre-surgical prediction of mandibular lymph nodes Malignancy in dogs. J Vet Sci.
(2019) 20:e62. doi: 10.4142/jvs.2019.20.62

47. Krishnamurthy S, Sneige N, Bedi DG, Edieken BS, Fornage BD, Kuerer HM,
et al. Role of ultrasound-guided fine-needle aspiration of indeterminate and suspicious
axillary lymph nodes in the initial staging of breast carcinoma. Cancer. (2002) 95:982—-
8. doi: 10.1002/cncr.10786

48. Zahoor S, Haji A, Battoo A, Qurieshi M, Mir W, Shah M. Sentinel lymph node
biopsy in breast cancer: A clinical review and update. ] Breast Cancer. (2017) 20:217-27.
doi: 10.4048/jbc.2017.20.3.217

frontiersin.org


https://doi.org/10.1080/02841860310017757
https://doi.org/10.1055/s-0028-1109701
https://doi.org/10.1055/s-2007-963019
https://doi.org/10.1102/1470-7330.2012.0003
https://doi.org/10.1102/1470-7330.2012.0003
https://doi.org/10.1155/2022/8066289
https://doi.org/10.1002/jum.15162
https://doi.org/10.1016/j.ultrasmedbio.2020.09.022
https://doi.org/10.1007/s00261-018-1475-6
https://doi.org/10.1007/s00261-018-1475-6
https://doi.org/10.3390/reports5040038
https://doi.org/10.1016/j.ejrnm.2012.02.002
https://doi.org/10.21037/jgo-20-412
https://doi.org/10.21037/jgo-20-412
https://doi.org/10.3748/wjg.15.1587
https://doi.org/10.3748/wjg.15.1587
https://doi.org/10.1007/s10388-016-0521-0
https://doi.org/10.1007/s10388-016-0521-0
https://doi.org/10.1055/s-2008-1027379
https://doi.org/10.1016/j.ejrad.2013.03.023
https://doi.org/10.1016/j.ejrad.2013.03.023
https://doi.org/10.1016/j.gie.2011.07.026
https://doi.org/10.5114/pjr.2018.73293
https://doi.org/10.3389/fonc.2021.714660
https://doi.org/10.1055/s-2006-925158
https://doi.org/10.1055/s-2006-925158
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5768929/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5768929/
https://doi.org/10.18632/oncotarget.15018
https://www.primescholars.com/
https://doi.org/10.1007/s00330-013-2861-7
https://doi.org/10.1016/j.ultrasmedbio.2012.12.013
https://doi.org/10.1016/j.ultrasmedbio.2012.12.013
https://doi.org/10.7863/ultra.15.09019
https://doi.org/10.7863/ultra.15.09019
https://doi.org/10.1038/s41598-018-28474-y
https://doi.org/10.7759/cureus.10997
https://doi.org/10.7759/cureus.10997
https://doi.org/10.21147/j.issn.1000-9604.2016.03.12
https://doi.org/10.1186/s43055-022-00697-0
https://doi.org/10.1016/j.ejrnm.2016.07.008
https://doi.org/10.1016/j.ajg.2018.01.001
https://doi.org/10.1148/radiol.2431052032
https://doi.org/10.1016/j.bjorl.2018.01.002
https://doi.org/10.1016/j.bjorl.2018.01.002
https://doi.org/10.7314/apjcp.2012.13.5.2081
https://doi.org/10.4103/2303-9027.123009
https://doi.org/10.2214/AJR.07.2571
https://doi.org/10.4142/jvs.2019.20.e62
https://doi.org/10.1002/cncr.10786
https://doi.org/10.4048/jbc.2017.20.3.217
https://doi.org/10.3389/fonc.2025.1478701
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Utilization of lymph node elastography in the axillary staging of breast cancer
	1 Introduction
	2 Materials and methods
	2.1 Patients
	2.2.2 Elastography parameters

	2.3 Statistical analysis of the data

	3 Results
	3.1 Tumors characteristics
	3.2 Clinical examination
	3.3 USG examination
	3.4 Elastography parameters
	3.5 B-mode USG findings
	3.6 Qualitative elastographic findings (pattern)
	3.7 Quantitative elastographic findings (strain ratio)
	3.8 Quantitative elastographic findings (hue elastogram – elasticity score)
	3.9 Comparison of B-mode and B-mode + elastography

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


