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Abstract: Breast cancer (BC) affects millions of women; it is the leading cause of death by neoplasia
in women worldwide, with at least 500 thousand deaths each year, 70% of which occur in
developing countries. Elastography evaluates tissue stiffness, making this a promising non-invasive
real-time technique. BI-RADS is recognized as a standard and helpful technique for establishing BC
risk. This study aimed to determine, by strain elastography (SE), the fat-to-lesion index (F/L index),
sensitivity, specificity, and optimal cut-off to diagnose BC. This prospective study included 216
women who underwent SE, ultrasound, mammography, and breast biopsy; according to
mammography, we recruited BI-RADS category 2 (n= 5), category 3 (n=29), category 4 (n= 94),
category 5 (n=71) and category 6 (n=17); after biopsy, 108 women were classified as negative, and
108 were positive for BC. Three expert BC radiologists performed all imaging interpretations and
biopsies. Our results show mean values of the F/L index for negative biopsies of 3.70+2.57 and
positive biopsies of 18.10+17.01; we developed two models for the prediction of BC, a logistic
regression model with an AUC of 0.893 and a neural network with an AUC of 0.902. The Youden
index yielded a F/L index cut-off >5.76, with a sensitivity and specificity of 84.26%. Positive
Spearman's Rho correlation coefficient was observed between the F/L index and BI-RADS, r=.073
(p< 0.001). ANOVA test showed a difference between F/L index vs. molecular subtypes (p=0.002).
SE is helpful as a diagnostic complement to mammography, or in cases where the latter is
contraindicated, elastography has an adequate predictive capacity and is a fast and minimally
invasive procedure.

Keywords: elastography; breast cancer; fat-to-lesion index

1. Introduction

Breast Cancer (BC) is a major public health worldwide; until today, GLOBOCAN reports a
prevalence of 7,790,717 females with BC in 2020[1]. In this sense, the most helpful tool for BC
diagnosis is mammography and ultrasound (US) as a complementary test; this includes elastography,
a non-invasive technique to address the biomechanical properties of the tissue measuring stiffness to
evaluate the resistance to the passage of acoustic waves through the structures and tissues of the body
(anisotropic, viscous, and nonlinear behavior[2]. Besides, elastography gives us an elastogram image
to observe Young's modulus, Poisson's ratio, or the unitary deformations[3]. We can mention that
elastography consists of two categories: semi-quantitative or strain elastography (SE) and
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quantitative or shear-wave elastography (SWE)[4]. SE elastography obtains the elasticity of the
tissues with the primary compression of the natural composition (fat) of the breast tissue before the
deformation[5,6]. Then, another measurement is acquired by soft compression with the transducer
by conducting the movement of the deformed breast tissue (mass) and is calculated in the same
moment; then a radiologist compares these two measurements, and an SE gives as a result the fat-to-
lesion index (F/L-index). Conversely, SWE evaluates tissue elasticity by calculating the shear wave
propagation velocity. It does not require tissular pressure since it measures the displacement
independently of the applied pressure and sends acoustic micro impulses with minimum energy
levels to the different tissues; the elasticity is expressed in units of velocity in m/s or as the pressure
in kilopascals (kPa)[7,8].

In general, elastography, either SE or SWE, has become, in the last 15 years, a tool with predictive
value to determine whether a tumor is benign or malignant (e.g., liver, prostate, and thyroid)[9-11],
particularly in the breast it takes more importance since US is a screening tool for the detection of
breast tumors before the age <40 years or in women with small and dense breasts, where
mammography may not have the same sensitivity[12,13]. Elastography is a technique widely
recognized by the American College of Radiology in its latest edition[14]; this is derived from using
the US to measure the hardness of the tissues; several papers have been published over time between
tissue elasticity and its association with BC[2,15].

This work uses SE to show us color images or maps of consistent breast tissue. Also, we consider
the strain ratio of fat-to-lesion (F/L) of the region of interest (ROI). This study aimed to determine F/L
index sensitivity, specificity, and optimal cut-off to diagnose BC and benign tumors. Besides, we
analyzed BI-RADS concordance, BC subtypes, clinical stages, and grading tumors.

2. Materials and Methods

This retrospective, transversal, and descriptive study was conducted in the Instituto Jalisciense
de Cancerologia (IJC), which involved all Occidental regions of Mexico. This study was sustained
following the regulations of the General Health Law, the Regulations of the General Health Law on
Health Research, the guidelines established by COFEPRIS, the Health Law of the State of Jalisco, the
Ethics and Research Committee of the OPD of IJC with number register CONBIOETICA-14-CEI-004-
20170421, and those established by the E6 Good Clinical Practice (GCP) Guide of the International
Conference on Harmonization (ICH). All the patients gave written informed consent.

Patients

The data collection was from January 2017 to April 2023. The inclusion criteria were female
patients aged 18 to 78, with a positive or negative solid lesion in the breast, through examination with
B-mode US with SE and histological confirmation in all cases. One hundred and eight breast biopsies
of patients were negative, and one hundred and eight were BC positive. All patients were paired
according to age.

Ultrasound and Strain Elastography

In this study, all patients with any mass or suspicion of them were exposed to US exploration
and SE; those studies were performed by 3 radiologists with more than 15 years of experience in
breast imaging. All measurements and images were acquired with a Hitachi Avius (Hitachi Medical,
Tokyo, Japan) equipped with a multifrequency linear transducer from 7 to 12 MHz, with color
Doppler and elastography by placing the transducer on longitudinal scans. We use semi-quantitative
elastography in all patients, measuring three times with slight compression according to the World
Federation for Ultrasound in Medicine & Biology (WFUMB) Guidelines, obtaining a final average
(Figure 1) [16]. All lesions were classified by the 5th edition of Breast Imaging Reporting and Data
System (BI-RADS), where category 2 is benign, category 3 is probably benign, category 4 is suspicion
of malignancy and is segmented in 4A (low suspicious for malignancy), 4B (moderate suspicious for
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malignancy), and class 4C high suspicious for malignancy (in all of them, biopsy is required), and
category 5 is highly suspicious for malignancy (biopsy mandatory)[17]

Primary care clinics and BC units referred to the IJC were reclassified through new
mammography, B-mode ultrasonography, and elastography. Of all the cases, 50.9% were
recategorized into BI-RADS; the data collected for the analysis were the BI-RADS assigned by the IJC
radiologists.

Figure 1. Images of B mode US and SE, corresponding to A) TN tumor in a female of 70 years old
(green arrow) with F/L index 12.75; B) Luminal A tumor in a female of 42 years old (blue arrow) and
C) Negative biopsy in a female of 34 years old (orange arrow).

Histological and Immunohistochemistry evaluation

After performing the elastography, all patients underwent a biopsy; the tissues were formalin-
fixed and paraffin-embedded (FFPE) and stained with hematoxylin and eosin for classification
tumors according to the WHO classification breast tumors and for histological features, the modify
Scarf Bloom- Richardson (SBR) grading system was used; regarding immunohistochemistry (IHC) to
determine the molecular subtypes of BC (Luminal A corresponding to ER+ and/or PR+, HER2-, and
Ki-67 <14%, Luminal B corresponding to ER+ or PR+/-, HER- and either Ki-67 >14%, Luminal B-like
corresponding to (ER+, HER2+, any Ki-67, and any PR), HER2+ corresponding to ER/PR-, and HER2+,
and triple-negative (TN) corresponding to ER/PR-, and HER2-) according to the 2011 St. Gallen
Consensus Conference, and 13th St. Gallen International Breast Cancer Conference [18,19],
pathologists with over 20 years of experience in diagnosing breast tumors within the IJC examined
all tissues for light microscopy.

Clinical Stages in BC

Patients in this study who tested positive for BC were subjected to appropriate surgical
intervention. The clinical oncologist determined the clinical stage of the disease according to the
Eighth Edition of the AJCC Cancer Staging Manual: Breast Cancer [20] in conjunction with the
histopathological review of the histological grade and the molecular subtype of BC; with these data,
the pharmacological behavior was standardized as appropriate; all clinical and surgical oncologists
involved in this study have more than 10 years of experience.

Statistical Analysis
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All data analysis and plots were performed by SPSS software version 25.0 (WPSS Ltd., Surrey,
UK (accessed on 15 November 2023), JASP team (2023) JASP version 0.18.1.0) computer software
(accessed on 15 November 2023) and GraphPad Prism version 9.02 for windows (accessed on 15
November 2023), quantitative data were represented as means and standard deviation; qualitative
data as frequencies or percentages. Normality was performed by the Shapiro-Wilk test.

Inferential analysis was made with Student's t-test and ANOVA for normal distribution and
Mann's U-test, Kruskal Wallis test for non-normal distribution, and Spearman's rho correlation was
applied. Chi-square or Fisher's exact test was used for qualitative data. Principal Component
Analysis (PCA) was used to summarize features for better insight. Subsequently, the significant
variables (p<0.05) were selected and included in a multivariable logistic regression model and neural
network analysis, which were evaluated using the ROC curve and the Akaike criterion.

For neural network analysis settings, we implemented a multilayer perceptron neural network
with a fixed seed of 2 million, 2 thousand epochs, and two hidden layers; both activation functions
for the hidden layer and output layer used the hyperbolic tangent.

3. Results

A total of 216 patients were included in this study. The mean age of women with malignant
biopsies was 51.38+10.80 years old; in contrast, the mean age of patients with benign biopsies was
50.64+10.81 years old. The average value of tumor diameter in patients with negative biopsy was
16.88+12.86 mm, compared to patients with positive biopsy, which was 24.20+17.67 mm. The F/L
index mean value was 3.70£2.57 for benign lesions; meanwhile, for malignant lesions, the average
value for the F/L index was 18.10+17.01 (Table 1).

Table 1. Descriptives for age, diameter, F/L index, and normality test.

Descriptives statistics Age Diameter F/L INDEX
Biopsies result Neg Pos Neg Pos Neg Pos
Median 4950 50.00 14.00 24.00 2.96 11.66
Mean 50.64 5138 16.88  24.20 3.70 18.10
SD 10.81 10.80 12.86 17.67 2.57 17.01
P-value of Shapiro-Wilk 0.18 0.61 <.001" <.001" <.001" <.001"
SD: Standard Deviation; Neg: Negative; Pos: positive; Shapiro-Wilk test for normality; * p-value significance

<0.05.

3.1. Principal Component Analysis

Principal Component Analysis (PCA) was carried out to visualize and explain our main clinical
features. After the analysis, we obtained two graphs, and both results manifested similar outcomes;
patients who tested positive for malignancy tended to concentrate on the left quadrant, while patients
who tested negative for malignancy focused on the right quadrant. On top of that, a higher F/L index
and a larger diameter were prevalent on the left quadrant of both PCAs (Figure 2).
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Figure 2. A) Principal Component Analysis of Biopsies and Diameter; B) Principal Component
Analysis of Biopsies and F/L Index.

3.2. Histological type, BI-RADS Assignment

Among all the patients positive for malignancy, 94 patients were diagnosed with invasive ductal
carcinoma (IDC) (87.04%), and 10 patients were detected with invasive lobular carcinoma (ILC)
(9.26%). On the other hand, benign tumors fibroadenoma was predominant in 59 patients (54.63%),
after fibrocystic changes in 9 patients (8.33%), ductal hyperplasia was present in 15 patients (13.89%),
lobular hyperplasia in 1 patient (0.93%) and atypia in 2 patients (1.85%) were less common. Notably,
cases without histological results were categorized as "Missing" (20.37%). Regarding BI-RADS
classification, we observed a higher proportion of BI-RADS 5 (30.09%), followed by BI-RADS 4A
(23.15%), BI-RADS 4C (14.81%), BI-RADS 4B (13.89%), and BI-RADS 3 (13.43%). BI-RADS 2 and BI-
RADS 6 were less prevalent, accounting for 2.31% of all the cases. (Table 2)

Table 2. Frequency of clinical features.

Malignant tumors N Percent (%)

IDC 94 87.04%
ILC 10 9.26%
Missing 4 3.70%
Total 108 100.00%
Bening tumors N Percent (%)

Fibroadenoma 59 54.63%
Fibrocystic 9 8.33%
Ductal Hyperplasia 15 13.89%
Lobular Hyperplasia 1 0.93%
Atypia 2 1.85%
Missing 22 20.37%
Total 108 100.00%
BI-RADS N Percent (%)

2 5 2.31%
3 29 13.43%
4A 50 23.15%

4B 30 13.89%
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6
4C 32 14.81%
5 65 30.09%
6 5 2.31%
Total 216 100.00%

IDC: Invasive ductal carcinoma, ILC: Invasive lobular carcinoma, BI-RADS: Breast Imaging Reporting and Data

System.

3.3. Clinical stages, Grading tumors, and Molecular subtype BC

Additionally, in the malignancy tumors group, clinical stage III (38.89%) was more frequent,
succeeded by stage II (34.26%), stage I (14.81%), and stage IV (9.26%). Moreover, the proportion of
histological grade was the following: grade 1 or well-differentiated (1.85%), grade 2 or moderately
differentiated (70.37%), and grade 3 or poorly differentiated (19.44%). Concerning molecular
subtypes, we observed Luminal B (35.19%) and Luminal A (33.33%) in higher proportions, preceded
by TN (15.74%) and finally HER2-enriched (11.11%) in less frequency (Table 3). We performed a Chi
square with no significant results to compare clinical stages and molecular subtypes.

Table 3. Clinical features of malignancy tumors.

Stage N Percent (%)
I 16 14.81%
II 37 34.26%
I 42 38.89%
IV 10 9.26%
Missing 3 2.78%
Total 108 100.00%
Grade N Percent (%)
1 2 1.85%
2 76 70.37%
3 21 19.44%
Missing 9 8.33%
Total 108 100.00%
Molecular subtype N Percent (%)
HER2-enriched 12 11.11%
Luminal A 36 33.33%
Luminal B 38 35.19%
TN 17 15.74%
Missing 5 4.63%
Total 108 100.00%

N: Frequency, TN: Triple Negative, HER2: human epidermal growth factor receptor 2.

Our results demonstrated that the F/L index had a positive and significant correlation between
BI-RADS classification (r=0.73) and tumor diameter (r=0.35); similarly, BI-RADS classification was
positively and significantly correlated with tumor diameter (r=0.40) and clinical stage (r=0.25). At the
same time, clinical stage and tumor diameter showed a positive and significant correlation (r=0.21)
(Figure 3).
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Correlation

Figure 3. Spearman's Correlation matrix of variables of the study. The strongest correlations are
marked with ** Significant correlation <0.01 (bilateral); *significant correlation <0.05 (bilateral).

Furthermore, we found a significant association between the F/L index and the tumor biopsy (p
<0.001). A lower F/L index was identified in malignancy-negative biopsies, as opposed to a higher
F/L index in malignancy-positive biopsies (3.70 vs. 18.10). Figure 4A
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Figure 4. ANOVA test for A) biopsies and F/L index; B) subtype and F/L index.

Consequently, the ANOVA test showed the F/L index presented significantly different values
within molecular subtypes classification (p=0.02) (Figure 4B); HER2-enriched showed a F/L index of
29.66+24.42, contrary to TN with an average F/L index of 10.15+9.52. Luminal subtypes disclosed
similar values among them, with a mean F/L index of 19.34+16.73 for Luminal A and a mean F/L
index of 16.53+15.35 for Luminal B, respectively (Table 4). Dunn's post-hoc test for intra-group
comparisons, indicated a difference between Luminal A vs. TN and HER2-enriched vs TN; both
findings were significant (p <0.05 and p<0.04) (Table 5).
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Table 4. Descriptives Mann-Whiney U test. F/L INDEX vs Subtype.

Subtype N Mean Median SD SE Coefficient of
variation
Luminal A 36 19.34 13.60 16.73 2.79 0.87
Luminal B 38 16.53 11.70 15.35 2.49 0.93
HER2-enriched 12 29.66 22.00 24.42 7.05 0.82
TN 17 10.15 6.08 9.52 2.31 0.94

TN: Triple negative, HER2: human epidermal growth factor receptor 2.

Table 5. Dunn's post-hoc comparison ANOVA test.

Intra-group comparison P value
Luminal A - Luminal B >1.00
Luminal A - HER2-enriched >1.00
Luminal A - TN <0.05*
Luminal B - HER2-enriched >1.00
Luminal B-TN >0.29
HER2-enriched- TN <0.04*

Note: All significance values have been adjusted by Bonferroni correction for multiple comparisons. * p < .05.
TN: Triple negative, HER2: human epidermal growth factor receptor 2.

3.4. Binary logistic regression and neural network performance for breast cancer

Our multivariable logistic regression and neural network analysis included age, diameter, and
F/L index as independent variables in the model (Table 6). Regarding the binary logistic regression
analysis, we developed a receiver operating characteristic curve (ROC) and obtained an Area Under
the Curve (AUC) of 0.893, sensitivity of 79.63%%, and specificity of 87.62%. Neural network analysis
had similar outcomes with an AUC value of 0.903, sensitivity of 80.56%, and specificity of 88.57%.
Both results were significant, with a p <0.0001. The normalized importance of the independent
variables was calculated as follows: age at 2.4%, diameter at 27.9%, and F/L index at 100%. Further,
the cut-off value for the F/L index was >5.7, with a sensitivity and specificity of 84.26%. (Figure 5)

Table 6. Binary Logistic Regression Coefficients.

Wald Test 95% CI
Estimate Standard Odds z Wald df p Lower Upper
Error Ratio Statistic bound  bound
Age -0.05 0.01 095 -622 3868 1 <.001 -0.07 -0.04
F/L INDEX 0.40 0.06 1.48 6.38 40.65 1 <.001 0.27 0.52
Diameter 0.01 0.01 1.01 0.49 0.24 1 0.62 -0.02 0.03

Note. Biopsy level POSITIVE' is coded as class 1. CI: Confidence interval, df: degrees of freedom.
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Figure 5. ROC curve comparing neural network versus logistic regression. The neural network
performs 0.902 of AUC with a p<0.001; Logistic regression shows an AUC of 0.893 and a p<0.001.

4. Discussion

This manuscript reports the relationship between the F/L index, molecular subtypes of BC, and
clinical stages of BC. An essential element distinguishing this work from previous publications on
strain elastography was that the patients were matched by age.

Some research has focused on relating the F/L index with the molecular subtype and clinical
stage of BC; recent publication of Zhu et al. [21] uses B mode US, real-time strain elastography (RTE),
color doppler flow imaging (CDFI) and contrast-enhanced ultrasound (CEUS), those techniques were
applied in 85 patients with histological BC and their molecular subtypes, ultrasound RTE and CDFI
was significant in the binary logistic regression analysis (p<0.001 and p=0.036 respectively) for
predictive Luminal A molecular subtype BC; for Luminal B, ultrasound RTE and CEUS showed a
p=0.016 and p = 0.036, respectively. Meanwhile, only CEUS discriminates HER2-enriched from other
subtypes (p = 0.039); for the triple negative BC subtype (TNBCs), only CDFI (p= 0.002) obtained
significative differences compared to TNBCs. Authors conclude that ultrasound RTE is affordable for
Luminal subtypes, and CDFI and CEUS techniques are beneficial for measuring hypovascularity and
hypervascularity, particularly in TNBCs and Luminal B breast tumors. In this sense, our findings
agree with Zhu et al. in establishing a significant difference between several molecular subtypes; our
research agrees that TNBCs were the softest tumors. Regarding the Luminal tumors, Luminal A had
the most stiffness, similar to our study. However, in our research, the HER2-enriched was the hardest
tumor among the rest of the tumors, unlike Zhu et al., who reported the Luminal A as the hardest
tumor.

On the other hand, Hayashi et al. in 2015 [22] conducted an observational, retrospective study
involving 503 patients with invasive BC, also considering clinicopathological features like molecular
subtype BC, tumor size, invasive tumor size, lymph node metastasis, nuclear grade, age, menopausal
status, BMI and breast density according to BI-RADS, they studied a subsample of 164 patients with
frozen tissue, and they determined stroma-related gene expressions; they found clinical tumor
stiffness correlated with lymph node involvement (p =0.0005) and invasive tumor size (p<0.0001), in
the same study, multivariable analysis showed stiffness of primary breast tumor correlated with
axillary lymph node metastasis as independent factor. Finally, respecting gene expression, they
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report a higher expression of lysyl oxidase in hard tumors with FDR-adjusted p= 0.0279, suggesting
that the extracellular matrix plays a vital role in the etiology of tumor stiffness. Though we did not
study the same variables as Hayashi et al., we obtained a similar correlation between tumor size and
the F/L index, which means that the larger the size, the greater the hardness of the tumor (r=0.35,
p<0.001) when all tumors are analyzed together regardless of molecular subtype.

Jinetal. [23] 2017 investigated SE and its relationship with tumor pathology, and tumor stiffness
was determined regarding elasticity score and stiffness index. Jin et al. included 291 patients with
invasive BC; they found 79% of tumors with a high stiffness index, and the average percentage of
hardness was 82.32+15.72%. The statistical analysis found a relationship between hardness with
histological grade and molecular subtypes: grade I-II tumors were harder than grade III tumors, and
Luminal A was harder than Luminal B, HER2-enriched, and the TNBCs. There was no relationship
with histologic lineage or type. When contrasted with our findings, we found similarly that the
Luminal A was one of the subtypes with higher hardness, but in our case, we found the HER2-
enriched with higher hardness than Luminal A; this may be because there are few HER2-enriched
tumors analyzed in both studies and the populations studied are different, which could lead to
different results. However, what we did not confirm in our analysis in comparison with Jin et al. was
the relationship of hardness with the degree of differentiation; this may be because we only included
2 cases with grade I, which might reduce the power of the study concerning this variable.

One of the most extensive studies about elastography and the F/L index is that of Togawa et
al.[24]; this research group studied 1288 women with BIRADS 3 and 4a-4c through B-mode US, and
SWE was evaluated with the F/L index. The F/L values were contrasted with the biopsy. These
authors found 368 (28.6%) malignant tumors; after evaluation with conventional B-mode US 53.8%
of benign lesions by biopsy were classified as BI-RADS 4, which corresponds to false positives; on
the other hand, after US evaluation, they only classified 1.39% as BIRADS 3, but that upon biopsy
were positive (false negatives). Our findings show similar results; however, 66.66% of benign biopsies
at our site were classified as BI-RADS 4a-4c (false positives). We hypothesized that this divergence in
results could be attributable because Togawa et al. used SWE, which is different from ours. Also, the
population is ethnically diverse, and it is known that the breast tissue composition is different
between Caucasian and Asian populations; it is worth mentioning that the Mexican population has
an important ancestry of Asian migrants[25,26].

Last year, Lee et al. [27] investigated how fibrotic focus (FF) affects the SE in 151 patients with
BC (46.9%) of patients were positive for FF, nevertheless were not significant with SE, with p=0.633;
the rest of results have congruence with the reports previous in other manuscripts, they found
statistics significance corresponding to clinical characteristics vs. positive SE like older age (p=0.044),
larger tumors (p=0.004), and only clinical stage II vs. stage I and III they obtain a (p=0.028). This study
proves that clinicopathological characteristics are correlated with the stiffness of the tumor and poor
prognostic features of BC. According to our research, we do not evaluate fibrotic focus. However,
similar to Lee et al., we found a correlation between F/L index with age and diameter of tumor
(p<0.0001), as well as clinical stage of BC and BI-RADS into Spearman's correlation coefficient with
r=0.25, it should be noted that we include BC stage IV because educational status in women in Mexico
and Latin-American impacts stage at diagnosis of BC and unfortunately mostly of patients are
diagnosed in stage III and IV.

As well as Corapli et al.[28] Recently, they intended to establish a correlation between SE and
molecular subtypes of BC; however, they reported insignificant results in a total of 195 patients and
concluded that SE is inefficient for identifying molecular subtypes of BC. Nonetheless, our results
showed significance between Luminal A s. TN with p<0.005 and HER2 -enriched vs. TN p< 0.004,
possibly due to pairing patients.

In 2022, Shehata et al.[29] evaluated the performance of ultrasound elastography score (ES),
quantitative mass strain ratio (SR), and shear wave elasticity ratio (SWE) in discerning between
benign and malignant tumors. The study enrolled 51 patients; 77 histological breast masses were
obtained, of which 57 tested positive for malignancy and 20 tested negatives for malignancy. As for
SR, they reported a statistical difference between positive and negative biopsy (p=<0.001);
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furthermore, the cut-off value set for SR was >4.6 with a sensitivity of 96.5% and specificity of 80%.
These results are consistent with our study. Shehata emphasizes that semi-quantitative elastography
assessed by the F/L index is more objective than other methodologies for stiffness measurement, as it
considers the patient's tissue as a reference. Thus, the relative reference to a non-tumor tissue is
essential for an adequate prediction.

Finally, a systematic review of the meta-analysis of Mutala et al. [30] reported that the sensitivity
and specificity for a cut-off point of 2.81 were 0.86 and 0.74, respectively. However, they warn about
the importance of the functionality of the imaging tool and the need to consider that
sonoelastography with its SR value makes sense when considering a previous breast exploration to
characterize the type of lesion and the manufacturer model of the device.

5. Conclusions

Understanding the significance of SE and the application of F/L cut-off points can improve the
diagnostic capability of mammography to reduce the proportion of false negatives and false positives
in the diagnosis of breast cancer, as well as provide insight into the expected biological behavior
concerning tissue hardness, clinical stages, and molecular phenotypes.
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