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Background: Although various imaging modalities are available for evaluating suspicious
breast lesions, ultrasound-based Shear-Wave Elastography is an advanced, non-invasive
technique complementary to grayscale sonography. This technique evaluates the elasticity of a
specific tissue by applying sonic pressure to that tissue.

Objective: The aim is to assess the role of Short-Wave Elastography’s in evaluating solid breast
masses in correlation to histopathological study results.

Subjects and Methods: This prospective study was done in a tertiary care teaching hospital
from September 2019 to August 2020. A study population of 50 women aged 18 years or above
with an ultrasonographic diagnosis of solid breast masses was included.

Results: A significantly higher value of Short-Wave Elastography’s elasticity ratio (E-mean)
was observed in malignant tumors than in benign tumors (p <0.0001). The area-under-curve
for the BI-RADS 4 lesions was 0.522 (95% ClI, 0.343-0.701) with an E-ratio cut-off score of
85.25, the sensitivity and specificity were 50% for diagnosing malignant tumors, whereas area-
under-curve for the histopathological examination study was 1.000 (95% CI, 1.000-1.000) with
an E-ratio cut-off score of 134.25; both the sensitivity and specificity were 100% for diagnosing
malignant tumors.

Conclusions: A well-defined Shear-Wave Elastography elasticity ratio range might help
differentiating malignant from benign breast tumors and predict its aggressiveness.
Furthermore, Short-Wave Elastography’s correlation with BI-RADS in suspicious lesions adds
to histopathology's advantage in distinguishing malignant tumors from benign ones.

Introduction

Breast Carcinoma is one of the most common malignancies
globally, especially in patients aged 50-55 (1). Approximately 22% of
all cancers in women worldwide are breast carcinomas. However, a
broad spectrum of diseases is covered under breast masses; the most
frequent benign breast tumor is a fibroadenoma. In contrast, Invasive
Ductal Carcinoma is the most common malignant breast mass (2).
Although various imaging modalities are available to image breast

pathologies, Ultrasound-based elastography is an advanced, non-
invasive technique to evaluate a suspicious breast lesion
complementary to grayscale ultrasonography (USG). Shear-wave
elastography (SWE) is a non-invasive method for determining the
elasticity of a specific tissue (3). The transducer was applied lightly to
the skin above the lesion with a generous amount of transducer jelly.
The elasticity of the lesion is measured using the ultrasound
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elastography colour scale. Though numerous different scoring
techniques are available, the Tsukuba elasticity score is a widely
acknowledged and regularly used scoring system for breast lesion
assessment (4). Once the breast lesion's elasticity is measured, a
biopsy is done to confirm the breast lesion. A breast biopsy is a gold
standard in diagnosing breast pathologies.

As per the National Cancer Registry Program of Indian Council
of Medical Research (ICMR), the incidence of breast carcinoma in
Indian women is five per one lakh women per year in rural regions
and thirty per one lakh women per year in urban areas. A unified
report is produced based on the hospital registries. The absence of
population screening among Indians and the resulting overdiagnosis
in the Western population contributes significantly to statistical
discrepancies. Breast carcinoma is most prevalent in Breast Cancer
gene (BRCA) BRCA1 and BRCAZ2 genes. The three studies described
below are crucial, among many others. The study assesses risk factors
for triple-negative breast carcinoma (TNBC) versus estrogen
receptor-positive breast carcinoma (5). Focal breast lesions are
classified as either benign or malignant. We have many modalities to
detect these changes, including USG, mammography, Magnetic
resonance imaging (MRI), and histopathological procedures such as :
Fine-needle aspiration cytology (FNAC) and biopsy. Though the
histopathological test is the gold standard, it has some disadvantages,
such as being invasive, infection-prone, painful procedures, and
expensive. Change in the elasticity of affected breast tissue in focal
breast lesions is one of the earliest signs indicating a pathological
alteration of the tissue.

Shear wave elastography is sensitive to identifying such subtle
changes in tissue architecture. Hence, stiffness measurement could
also accurately predict the presence of benign or malignant changes.
Breast cancer has a high incidence, and its delayed progression before
diagnosis has prompted research into new diagnostic tools. The
addition of elastography to USG has boosted its specificity and
allowed for earlier detection of breast cancer (6,7). The word
elastography has been used in USG to refer to various techniques for
visualizing tissue strain since the early 1990s (8-10). Intrinsic
elasticity is a characteristic of tissue that may alter due to tumors,
aging, inflammation, and many such pathophysiological events. The
needed stress (pressure) ratio to the accomplished relative change in
length is called elasticity in this circumstance (strain, distortion). As
a result, it expresses the force required to induce tissue to deform
elastically due to its intrinsic elasticity modulus (Young's modulus).
Clinical investigations have demonstrated the advantage of using
tissue elasticity as extra information for various organ systems for
years (11).

The value of utilizing tissue elasticity as extra information in
clinical investigations for various organ systems and elasticity studies
of organs like the parotid gland has been shown for years, thyroid
gland, liver, prostate gland, and cervix (12,13). In breast sonography,
verifying the absence of strain in a focused finding is an indicative
criterion that enhances diagnostic reliability.

Furthermore, better discrimination between benign and malignant
lesions and between Breast Imaging Reporting & Data System
(BI-RADS) 3 and BI-RADS 4 was obtained with the help of SWE. As
a result, adopting SWE as an additional criterion in breast diagnostics
lowered the number of false-positive findings. Additional method

validation is needed using unselected screening populations, but it has
yet to be found thus far (14,15). This research aims to determine how
effectively SWE identifies the malignant nature of solid breast
lesions. The aim is to correlate the histopathological diagnosis of a
solid breast mass with the mean stiffness determined by SWE.

Subjects and methods

This prospective study was conducted in a tertiary care teaching
hospital from 2019 to 2020 at IMS and SUM Hospital, Bhubaneswar,
Odisha. Before enrolling in the study, the Institutional Ethics
Committee approved the study with Ref.
No/DMR/IMS.SH/SOA/180223, dated 24 May 2019, and informed
consent was sought. The study population comprised 50 women aged
18 years or above, presenting with breast masses demonstrating solid
consistency on USG and a size larger than 5mm (An elastogram can
be beneficial only in lesions more than 5mm) and consenting to a
thorough work-up were included. Exclusion criteria are pregnant or
nursing women, women having breast implants, under radiation or
chemotherapy for any carcinoma, ipsilateral breast surgery, skin
lesions that had been biopsied previously, and patients who disagreed
with giving consent. A standard questionnaire/proforma was used to
collect data in the included study group. The primary patient
information on the proforma comprises the patient's name, gender,
age, address, educational qualification, occupation, dietary habits, and
smoking/alcohol habits. The proforma also included a general check-
up and a local assessment of the breast lump of the patient by
inspection and palpation. USG and SWE images were obtained using
the Samsung HS70A and GE LOGIQ S8 fitted with a 4-15 MHz
linear-array transducer.

Breast sonography and SWE of each patient were carried out by
two senior radiologists, each with 5 to 10 years of expertise. The
transducer was applied lightly to the skin above the lesion with a
generous amount of transducer jelly. And it was held still for 5 to 10
seconds to let the SWE image stabilize, and an elastography image
displaying abnormal stiffness clearly without pressure artifacts was
frozen and saved. The built-in-region-of-interest (ROI) of the system
was set to include the mass, and the surrounding breast parenchyma
tissue, which demonstrated a semi-transparent colour map of tissue
stiffness overlaid on the B-mode image with a range of dark blue,
indicating the lowest stiffness, to red, indicating the highest stiffness
(0-180 kPa). Quantitative elasticity values were measured using two
2mm-diameter circular quantification ROIs in all cases. One was
placed by an investigator on the stiffest part of the mass and included
some tissue adjacent to the stiffest part. And the other ROI was placed
on the normal fatty tissue. The system automatically calculated and
visualized the Emax, mean elasticity (E-mean), standard deviation,
and elasticity ratio (E-ratio), which is the ratio of the E-mean value in
the stiffest portion of the mass to the E-mean value of normal fatty
tissue.

Statistical Package for Social Sciences SPSS 20.0 was used for
statistical analyses (SPSS, Chicago, IL). To compare continuous
variables between the benign and malignant groups, an independent
two-sample t-test was performed. In addition, receiver operating
characteristic (ROC) curve studies have been prepared to evaluate the
diagnostic performance of quantitative SWE parameters versus
histopathological examination (HPE) and BI-RADS results
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separately. A p-value less than 0.05 is considered statistically
significant

Results

The mean age was 41 years for benign lesions and 57.5 years for

malignant lesions. Thirty-four percent of the patients were between
40 and 49 years old, followed by 26% of those below 40 and between
ages 50 and 59. Totals of 30 (60%) BI-RADS 3, 18 (36%) BI-RADS
4, and 2 (4%) BI-RADS 5 lesions were undergone histopathological
evaluation. Among all lesions, 32 (64 %) were benign, and 18 (36 %)
were malignant. The most common benign lesion was fibroadenoma
(n=27), whereas invasive ductal carcinoma (n=12) was the most
common malignant lesion (Table 1). The mean age of patients with
benign histopathological findings was 41.0 years, and that of those
with malignant lesions was 57.5 years (p = <0.0001). The upper outer
quadrant location is most common for benign (14/32) and malignant
(13/18) lesions. The malignant lesion had shown relatively more
prevalence on the left side, whereas benign lesions showed almost
equal prevalence on either side. The elastography parameters for
malignant lesions were significantly higher than those for benign
lesions (Fig. 1).
Furthermore, no significant difference was observed between the
groups of patients in terms of characteristics such as laterality (p =
0.178), tumor location (p = 0.162), and vascularity (p = 0.741). A
significantly higher value of the SWE E-ratio cut-off score had been
observed in malignant tumors in comparison to benign tumors (p
<0.0001) (Table 1). At the E-ratio cut-off score of 134.25 kPa, based
on HPE findings, the sensitivity and specificity were 100% for
diagnosing malignant tumors. At the E-ratio cut-off score of 85.25
kPa, based on BI-RADS grading, the sensitivity, and specificity for
diagnosing malignant tumors was 50% (Fig. 2).

Figurel: Shear-wave elastography shows Emax 177.2 kPa (the whole
lesion appears red)

ROC Curve (HPE vs. SWE)

Lo ROC Curve (BI-RADS vs. SWE)
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Figure 2: A; ROC Curve (HPE vs. SWE), B; ROC Curve (BI-RADS
vs. SWE)

Tablel: Comparison between benign and malignant tumor cases

Benign Malignant p-value
(n=32) (n=18)

Mean Age (years) 41.0 57.5 <0.0001
Location of UIQ 5 3
tumors uoQ 14 13 0.162

LIQ 8 1

LOQ 5 1
Vascularity 30 18 0.741
Affected breast side 17/15 (Right 6/12 (Right 0.178
(Laterality) /Left) /Left)
SWE 58.75 181.55 [167.02, <0.0001

[38.72,2.57] 190.15]
HPE findings
Fibroadenoma 27 0
Invasive ductal 0 12
carcinoma
Invasive lobular 0 3
carcinoma
Lipoma 2 0
Medullary carcinoma 0 2 <0.0001
Granuloma 2 0
Mixed ductal and lobular- 0 1
Carcinoma
Phyllode tumour 1 0
Discussion

Breast cancer is more prevalent in younger women in India, with
fifty-two percent of all breast cancer diagnosed in women between 40
and 49 (16). A large majority of patients were under 30 years old.
Most of the women in our study (34%) were between 40 and 49 years
old. The present study is consistent with the previous research;
according to Murthy et al. an incidence of 0.5-2% each year has been
observed in all age categories and all regions of India, particularly in
the younger age group 45 years (17). Of Indian patients, more than
80% are under 60 years; the average age of patients varied from 44.2
years to 49.6 years, as reported (18). According to several nationwide
population-based studies, 50-53 years was the average age for breast
cancer. Many breast cancer patients are under 35 years old, ranging
between 11% at Tata Memorial Hospital in Mumbai and 26% at
SGPGIMS in Lucknow (19).

Breast cancer asymmetry is thought to be caused by differences in
mammary gland sensitivity to hormone stimulation, resulting in
varying amounts of tissue at risk of developing carcinoma. In the
present study, 54% of the women had tumors on the left side. A
potential reason has been suggested: the left breast is more prominent
than the right (20). Breastfeeding on the right breast, rather than the
left, protects against cancer (21). Although there is a slight excess of
tumors on the left side, it does not appear to have any clinical
significance (22). Irradiation of the breast or chest wall causes larger
radiation doses to the heart, as left-sided cancers are more prevalent
than right-sided lesions (23). Premenopausal patients had statistically
significant left-sided lateralization of breast tumors compared to post-
menopausal patients (24). The mammograms of healthy women were
used to calculate relative breast volumes, and 55% of the women were
found to have bigger left breasts. In a recent multicentric study, 51%
of breast cancers occurred on the left side, as reported (25).
Fibroadenomas account for over half of all breast biopsies, reaching
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75% among women under 20 years (26). Based on BI-RADS
classification, in the present study, the majority of women belonged
to BI-RADS-3 (60%), followed by BI-RADS-4 (36%) and BI-RADS-
5 (4%). Based on another study, 58.6% of the women belonged to BI-
RADS-1 (34.6%), BI-RADS-2 (7%), BI-RADS 3, and none of BI-
RADS 4 (27). In our study, Fibroadenoma was the most common type
of breast tumor (54%) prevalent in women from higher socio-
economic strata.

In SWE, instead of the operator manipulating the probe physically, an
acoustic impulse produced electronically by the device causes the
deformation of the breast tissue. As a result, we anticipated that
quantitative SWE parameters would be more relevant in clinical
practice for identifying breast cancer based on diverse histological
findings. We found a significant positive correlation of SWE with
histopathology grading (r = 0.83 p <0.0001). In malignant tumors, the
mean SWE was significantly higher (181.55) than in benign tumors
(58.75). We concord with Youk et al. 2013, who reported similar
findings (28). Similarly, Zhu et al. said a higher HP grade was closely
correlated with a higher mean, minimum, and maximum shear-wave
velocity value (p <0.05) (29). In our study, the AUC for the BI-RADS
was 0.522 (95% Cl, 0.343-0.701) at a SWE cut-off score of 85.25, and
the sensitivity and specificity in diagnosing malignant tumors was
50%. The AUC for the HPE study was 1.000 (95% CI, 1.000-1.000)
at a SWE cut-off of 134.25, and the sensitivity and specificity for
diagnosing malignant tumors were 100%. In a study by Youk et al.
the AUC of the E-ratio (0.952) was the greatest of the elasticity values
(mean, maximum, and lowest elasticity, 0.949, 0.939, and 0.928,
respectively; p 0.04), while the AUC of the colour pattern was 0.947
(30).

SWE is recognized to assess local tissue elasticity mostly independent
of neighbouring tissues and, in principle, is unaffected by target size
(31). However, tumor size has been shown to affect elasticity values.
The elasticity value was still considerably higher for malignant lesions
(invasive tumors with an ultrasonic size of 0.001) than for benign
lesions (32). The SWE is better at discriminating the ability to identify
malignant tumors (33).

Limitations

However, more research with large sample sizes would be
required in the near future to emphasize the SWE findings more
accurately.

Conclusion

SWE s utilized for differentiating malignant from benign breast
tumors. A well-defined range of SWE may help predict the
malignancy of breast tumors. The association of SWE with BI-RADS
in suspicious lesions furthers an advantage close to histopathology in
differentiating malignant tumors from benign lesions. Although the
findings cannot be generalized because of the small sample size,
further research with a large population would be required to validate
the results. In addition, we can differentiate malignancy with mean
SWE values; the role of minimum and maximum SWE values must
be considered.
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