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Abstract

Study aims We sought to evaluate the diagnostic performance of quantitative elastography (shear wave elastography) and to
establish the optimal cutoff value to differentiate malignant and benign breast lesions using QelaXtoTM software.
Methods We conducted a retrospective observational study of adult women with suspicious breast lesions (BIRADS 3, 4
or 5) who underwent programmed ultrasound-guided core biopsies. Breast lesions were assessed using quantitative elastog-
raphy combined with B-mode ultrasound. Histopathology was used as reference standard. Sensitivity, specificity, positive
predictive value (PPV) and negative predictive value (NPV) were estimated, and a ROC curve analysis was conducted. Three
elastography cutoff values were considered: 36, 50 and 80 kPa.

Results We included 143 women (mean age of 56 years) with a total of 145 breast lesions: 68 benign tumors (47.26%) and
77 malignancies (52.74%). Mean elasticity measurements of benign and malignant lesions were significantly different (24.6
kPa, SD 28.47, vs. 101.49 kPa, SD 47.38, p < 0.0001). Using the 50 kPa cutoff, elastography showed a global sensitivity
of 87% to discriminate malignant lesions (AUC = 0.897). Moreover, sensitivity was 90.7% when lesions were located 5—40
mm below the skin surface (optimal elastographic field of view). Our false positive rate was 17.65%, comprised mainly of
fibroepithelial neoplasms, fibroadenomas and fibrosis.

Conclusions Quantitative elastography can differentiate malignant and benign breast lesions with acceptable to excellent
performance. In our sample, the QelaXtoTM software showed a lower optimal cutoff than other ultrasound systems.
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Introduction

Elastography, an imaging modality that evaluates the elas-
tic properties or hardness of tissues, has shown potential
in the assessment and characterization of breast lesions [1,
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2]. Elastography measures small tissue displacements as
external pressure is applied. Since displacement is inversely
related to tissue stiffness, malignant lesions—often harder
in consistency—tend to show less displacement than benign
lesions or normal tissue [3, 4]. There are two main methods
to evaluate tissue elasticity: strain elastography (qualitative)
and shear wave elastography (quantitative) [2, 5].
Qualitative elastography offers a color-coded strain
map, which depicts different tissue displacement patterns
(elastographic patterns). This map is overlaid on gray-scale
B-mode ultrasound images, facilitating the spatial interpre-
tation of elastographic findings. Qualitative elastography’s
main disadvantages are its operator dependency (subjective
interpretation of the color map), considerable inter- and
intraobserver variability and a prolonged learning curve
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(a 3—-6 month training period is usually required to obtain
reproducible results) [2, 5-8].

To overcome these limitations, shear wave elastography
(SWE) was introduced in the market. This method uses
acoustic waves to induce mechanical vibrations and quan-
tifies the stiffness of a lesion by capturing and analyzing
propagated shear waves. The speed of shear wave propaga-
tion is directly related to the hardness of the evaluated tissue.
Tissue elasticity is measured in kilopascals (kPa) or meters
per second (m/s) [7, 9], with values ranging from 0 to 180
kPa (higher values of quantitative elastography were associ-
ated with higher risk of malignancy) [7-16]. Quantitative
elastography has shown promising results in several fields
[17-20], and it could play a role in the early characteriza-
tion of breast lesions, particularly BIRADS 3 and 4-A [21].

Even though three systematic reviews have evaluated
the operational characteristics of quantitative elastogra-
phy [22-24], most of them have used Toshiba and Siemens
Ultrasound systems, and to this date we have not found pub-
lications establishing optimal elastography cutoff values for
the QelaXtoTM software in patients with breast lesions.

Study aims We sought to evaluate the diagnostic per-
formance of quantitative elastography and to establish the
optimal cutoff value to differentiate between malignant and
benign breast lesions using an Esaote MyLab Eight Ultra-
sound system.

Methods

Study design

We conducted a retrospective observational study of diagnos-
tic tests performed on a consecutive sample of women with
breast lesions who attended the Breast Imaging and Interven-
tional Radiology Department in a 3rd level academic hospital
in Buenos Aires, between May and September 2018.

Setting

This study was conducted at a third level academic hospi-
tal with centralized electronic health records. The Breast

Imaging and Interventional Radiology Department is com-
prised of 10 specialists and 2 fellows, all of whom are exclu-
sively dedicated to breast imaging. On average, the depart-
ment reports 30,000 mammograms and conducts 25,000
breast ultrasounds annually. It possesses an integrated RIS/
PACS system since 2010.

Study participants

Our study included women over 18 years of age who under-
went a programmed ultrasound-guided breast core biopsy
due to a suspicious breast mass. We included lesions catego-
rized as low- (BIRADS 3), medium- (BIRADS 4A, B or C)
or highly suspicious of malignancy (BIRADS 5) by a previ-
ous ultrasound, according to the Sth BIRADS edition [25].
We excluded women with incomplete histopathology reports.

Index diagnostic test: quantitative elastography

The index diagnostic test was quantitative elastography
(SWE) performed in combination with B-mode ultrasound,
using an Esaote MyLab Eight Ultrasound System (Esaote,
Genova, Italy). The Breast Imaging and Interventional
Radiology Department at our institution uses a linear array
transducer with a frequency range of 7.5-15 MHz and the
Qelaxto software for quantitative evaluation of tissue stiff-
ness. Elastographic evaluations of breast lesions are per-
formed by four medical imaging specialists with exclusive
dedication to breast imaging.

Using B-mode ultrasound, radiologists record lesion
features such as lesion size (maximum diameter), length
of breast tissue containing the suspicious lesion (vertical
distance from the skin to the pectoralis muscle) and lesion
depth (vertical distance from the skin to the upper margin
of the nodule). Nodule stiffness is evaluated following the
elastography protocol summarised in Table 1. According
to published evidence, the harder the lesion measured with
quantitative elastography (in kPa), the higher the probability
of malignancy.

Given that SWE was performed before biopsy specimens
were obtained, physicians performing SWE were blind to
histopathologic results (reference standard).

Table 1 Summarized protocol for quantitative elastography combined with B-mode breast ultrasound for the evaluation of BIRADS 3, BIRADS
4 (A, B and C) and BIRADS 5 lesions at the Breast Imaging and Interventional Radiology Department

Field of view (FoV) delimitation: FoV must include part of the lesion and at least 3 mm of normal adjacent breast tissue

The transducer is immobilized over the breast for 5-10 s to stabilize the image. Immediately after asking the patient to hold their breath, elasto-

graphic measurements are taken

Every nodule is measured in at least ten different areas. Mean elasticity, expressed in kiloPascals, is recorded

When the distance between the nodule and the skin surface is less than 5 mm, a thick coat of gel is applied between the transducer and the
patient’s skin, to increase the distance between the transducer and the lesion. This allows a better inclusion of the nodule in the field of view
(the Software has a fixed field of view that does not include lesions closer than 5 mm or below 50 mm)
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Table 2. Basc?line characteristics Benign Malignant® »
and main lesion measurements
of If?tientS}rYith beﬁigln and Age (years), mean (SD) 47.4 (15.4) 64.5 (15.3) < 0.0001"
;Ie]:ullilam Istopathology BIRADS ultrasound classification, 21/68 (30.88 %)  0/77 (0 %)
counts (percentage) 47/68 (69.12 %)  6/77 (71.79 %)
0/68 (0 %) 0/68 (0 %) < 0.001¢
0/68 (0 %) 58/77 (75.32 %)
0/68 (0 %) 13/ 77 (16.88 %)
Size of the lesion (mm), mean (SD) 15.27 (11.11) 19.6 (13.06) 0.035°
Depth of the lesion (mm), mean (SD) 8.44 (5.34) 8.85 (5.10) 0.64°
Elastography result (Kpa), mean (SD) 24.6 (28.47) 101.49 (47.38) < 0.0001°

# Ductal breast carcinoma (in situ or invasive), invasive lobular carcinoma and/or sarcoma

b ¢ test for independent samples
¢ Nonparametric trend test

Reference standard test: histopathology

Histopathology reports of breast core biopsies were retrieved
from our institution’s centralized electronic health records
and used as reference standard.

Ultrasound-guided core needle biopsies were performed
using a free-hand technique and local anesthesia, with
patients in the supine position. Our team uses a reusable
biopsy gun (Bard-Magnum Biopsy Instrument, Covington,
GA, USA) and 14-gauge cutting needles. At our center,
biopsy specimens are examined by the Pathology Depart-
ment following standard histopathology procedures; sam-
ples are fixed, sectioned, stained with Haematoxylin-Eosin
and evaluated by optical microscopy. At least one complete
section of each core is included. When a malignant lesion
is diagnosed, histologic type is assessed and nuclear grade
(I, IT or III) is scored. Immunohistochemistry is performed
to evaluate the presence of hormone receptors (estrogen
and/or progesterone receptors), Her 2 Neu receptor overex-
pression and Ki-67 proliferation index. Pathologists work-
ing on biopsy specimens are uninformed of elastography
results.

Statistical analysis

Breast lesions were classified into malignant and benign
tumors according to their histopathology (gold standard).
Every nodule with a pathology report of ductal breast carci-
noma (in situ or invasive), invasive lobular carcinoma and/
or sarcoma was considered a malignant lesion.

Once the classification was established, the different elas-
tography cutoff values were explored by ROC curve analysis.
Based on systematic reviews [22—-24] and other publications
[8—16, 21] that reported optimal elastography cutoff values

between 36 and 80 kPa, our team explored three different
cutoff values: 36, 50 and 80 kPa'.

For each pre-specified cutoff value, we calculated sensi-
tivity, specificity, positive predictive value and negative pre-
dictive value with their respective 95% confidence intervals.
False negative results (benign breast lesions with stiffness
above the elastography cutoff) were identified and their his-
topathology reports recorded.

STATA 13.0 software was used for data analysis.

Results
Study participants and breast lesions

We identified 143 women who underwent ultrasound-
guided breast biopsies due to suspicious breast lesions
(BIRADS 3, 4 or 5) between May and September 2018.
Mean age was 56 years. Two women had two breast lesions
that met the inclusion criteria, and were included in the
study sample, resulting in a total of 145 lesions evalu-
ated with elastography (index test) and histopathology
(reference standard test). 68 lesions were benign tumors
(47.26%) and 77 were malignancies (52.74%). The
patients’ baseline characteristics and their main results are
described in Table 2. Women with benign lesions were sig-
nificantly younger than those with malignant lesions: 47.4
(SD 15.4) vs. 64.5 (SD 15.3) years of age, respectively.
Out of all 68 benign lesions, 54 (79%) were Fibroad-
enomas. The rest of them were fibroids (n = 4), biphasic

! For example, Lee et al. informed that the elastographic values for
malignant masses were on average 119.0 (+52.2) kPa and the benign
lesions were 41.4 (+32.1) kPa, whereas the elastographic values pub-
lished by Chang et al. were slightly superior. The malignant masses
had a medium elasticity of 153.3 (+58.1) kPa and the benign, 46.1
(+42.9 kPa).
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Fig.1 ROC curve that represents, at different cutoff values, the sen-
sitivity and specificity of elastography for discriminating between
benign and malignant tumors, considering all lesions in the study
sample (n = 145). AUC = 0.8985
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Fig.2 ROC curve that depicts shear wave elastography’s diagnostic
performance for the subset of lesions located within the optimal field
of view (n = 96). AUC = 0.9266

lesions (n = 3), fat necrosis (n = 3), pseudoangiomatous
stromal hyperplasia (n = 2), and foreign body granulomas
(n =2). Infiltrating ductal carcinomas (n = 62) were the
main type of malignant lesion (81%), followed by infiltrat-
ing lobular carcinoma (n = 10), ductal carcinoma in situ
(n = 2), mucinous carcinoma (n = 2), and breast sarcoma
(n=1.

Diagnostic performance of shear wave elastography

Overall, shear wave elastography showed acceptable to
excellent discriminative ability, with an AUC of 0.898
when all lesions in our dataset were included in the analysis.
Selected results of the ROC curve analysis are displayed in
Figs. 1 and 2, and Tables 3 and 4.

Figure 1 depicts sensitivity and specificity estimates when
all lesions are considered (n = 145, including 49 [33.8%]
outside the optimal field of view). The corresponding diag-
nostic performance metrics are reported in Table 3.

When we considered the subset of lesions located within
the optimal field of view (96 lesions; 66.2%), AUC was
0.927. Figure 2 shows a ROC curve after this second analy-
sis and Table 4 demonstrates the sensitivity, specificity, posi-
tive and negative predictive values of elastography for the
considered cutoff values, considering this subset of lesions
(n = 96).

Figure 3 shows an example of a malignant lesion cor-
rectly identified by elastography; Fig. 4, an example of a
correctly identified benign lesion.

Using the 50 kPa cutoff, 10 out of 77 malignant lesions
(13%) were erroneously classified as benign (false nega-
tive results). This group included 7 infiltrating ductal
carcinomas: 6 were located outside the optimal field of
view—including 2 with necrotic areas, which might yield
lower elasticity measurements. The remaining false nega-
tive results were one ductal carcinoma in situ (DCIS) and 2

Table 3 Sensitivity, specificity,

.. . Elastography Sensitivity (95% CI) Specificity (95% CI) Predictive value
positive predictive value and cutoff value?
negative predictive value of pre- — -
specified elastography cutoffs Positive Negative
e RADS 3 sy 6kPa 68/77 52/68 68/84 52/61
88.3% 76.5% 80.9% 85.%
(79-94.5) (64.6-85.9) (70.9-88.7) (73.8-93)
50 kPa 67/77 56/68 67179 56/66
87% 82.35% 85% 84.8%
(77-94) (71-90) (75-91.9) (73.9-92.5)
80 kPa 54177 64/68 54/58 64/87
70.12% 94% 93.1% 73.6%
(58.6-80) (85.8-98.4) (83.3-98.1) (63-82.4)

#The test was considered positive when the cutoff value was exceeded
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Tab!g 4 Sens.iti.vity, specificity, Elastography Sensitivity (95% CI) Specificity (95% CI) Predictive value
positive predictive value and cutoff value®
negative predictive value of . -
pre-specified elastography Positive Negative
g‘;?g:lfzre]lzsé‘;fz;f’vcitgfo%he 36 kPa 50/54 30/42 50/62 30/34
mm (1 = 96) 92.6% 71.4% 80.6% 88.2%
(82.1-97.9) (55.4-84.3) (68.6-89.6) (72.5-96.7)
50 kPa 49/54 33/42 49/58 33/38
90.7% 78.6% 84.5% 86.8%
(79.7-96.9) (63.2-89.7) (72.6-92.6) (71.9-95.6)
80 kPa 40/54 40/42 40/42 40/54
74.1% 95.2% 95.2% 74.1%
(60.3-85) (83.8-99.4) (83.8-99.4) (60.3-85)

“ The test was considered positive when the cutoff value was exceeded

Fig.3 67-year-old patient. Ultrasound (a) revealed a solid, hypo-
echoic, irregular mass with spiculated margins and antiparallel ori-
entation, at 10 o’clock position of the right breast. Length of breast

tissue containing the suspicious lesion (vertical distance from the 10%)
skin to the pectoralis muscle) and lesion depth (vertical distance from

the skin to the upper margin of the nodule) were recorded. Quantita-
tive elastography (b) showed an elasticity of 92 kPa. Histopathology
report: invasive ductal carcinoma (ER+, PGR+, Her 2 Neu—, Ki 67:
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Fig.4 42-year-old patient with a hypoechoic solid mass, with microlobulated margins. Tissue elasticity measured by quantitative elastography

was 38 kPa. Core biopsy report: involutive fibroadenoma

mucinous carcinomas, which are typically softer than other
malignant breast lesions. Figures 5 and 6 display lesions
that yielded a false positive and false negative result,
respectively.

Discussion

In the evaluation of breast masses with quantitative elas-
tography, we found a statistically significant difference
between elastographic measurements of benign and malig-
nant lesions: mean tissue stiffness was 24.6 kPa (SD 28.47)
vs 101.49 kPa (SD 47.38) respectively (p < 0.0001). These
outcomes are consistent with previous work by other authors
[8-16, 21].

Using a 50 kPa cutoff value, elastography showed an
overall sensitivity of 87% (95% CI 77-94) to detect malig-
nant lesions (Table 2); these results are consistent with
previously reported meta-analyses [22—24]. Moreover, sen-
sitivity exceeded 90% (90.7%, 95% CI 79.7-96.9) in the
subgroup of lesions located between 5 and 40 mm below
the skin surface (Table 3).

As for specificity, even though our overall estimate
(82.35%; 95% CI 71-90) was slightly inferior than the ones
reported in the previously mentioned meta-analyses [22-24],
there is a clear overlapping of their confidence intervals: Liu

@ Springer

and col. (86.6%; 95% CI 83.3-89.4); Xue and col. (89%;
95% CI 84-92, in caucasian population) and Luo and col.
(84.9%; 95% CI 82.6-86.9).

Our false positive rate was 17.65% (95% CI 10-29),
comparable to those published by Kim [26] and Yoon [27],
which were 11% (13-18) and 36.6% (30-44) respectively.
Our false positive results were comprised of biphasic
tumors, fibroadenomas and fibrosis, coinciding with other
international reports [8—16, 21]. Our global false nega-
tive rate was 13% (95% CI 6-23), which lies within the
bounds reported by Suvannarerg [8]: (12.5-17.7%) and is
also comparable to those communicated by Kim [26] and
Yoon [27], which were 22% (12-37) and 20.6% (15-27)
respectively. Most of our false negative results were
located outside the optimal field of view. The remaining
false negative results consisted of a DCIS or lesions with
mucinous and/or necrotic components, which are typically
softer than other malignant lesions; these findings are con-
sistent with previous reports by the mentioned authors.

Our data suggest that the use of a gel coat between the
transducer and the patient’s skin (to increase the distance
between the transducer and the lesion and thus include the
lesion within the optimal field of view) does not improve
diagnostic performance sufficiently, since discriminative
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Fig.5 45 year-old patient with a false positive result. B-mode ultrasound (a) showed an hypoechoic solid mass with microlobulated margins cat-
egorized as BIRADS 4A. The elastographic measurement is 54.8 kPa. Histopathology by core biopsy: biphasic tumor

ability (AUC) was higher for the subset of lesions located
within the optimal field of view.

We obtained an optimal cutoff value that is lower than
the ones reported by previous studies. This finding can
probably be explained by different measurement equip-
ments and/or techniques (for example, different software
and equipments, different field of view sizes, different
number of measurements).

Our study’s limitations include its reduced sample size
and its retrospective design. Furthermore, women in our
study sample have not undergone qualitative elastography,
which might have improved our diagnostic performance if
areas of the lesions whose color suggested a higher level
of stiffness were selected for a subsequent evaluation with
quantitative elastography.

Our quantitative evaluation of SWE’s diagnostic per-
formance does not take B-mode ultrasound findings into
account. Although this approach provides valid perfor-
mance estimates for SWE measurements, findings should
be generalized with caution, since tissue stiffness is rarely
used as a standalone measure in clinical practice. Spe-
cialists usually consider both SWE and B-mode findings
when evaluating suspicious lesions, as B-mode can help
characterize breast lesions in various settings [28, 29].

Furthermore, our study focused on a dichotomous clas-
sification of breast lesions (benign vs. malignant), and it
did not assess the correlation of elastographic measure-
ments with tumor histotype, grade and/or hormone recep-
tor status.

As previously mentioned, a disadvantage of shear wave
elastography with the equipment we used is that the field of
view is fixed and cannot be adjusted to measure lesions at
less than 5 mm below the skin surface or deeper than 40 mm.
This setback appears to be only partially solved by the use of
a gel coat between the transducer and the skin.

Based on our results, which are concordant with the
previously mentioned meta-analyses, quantitative elastog-
raphy has shown an adequate diagnostic performance and
can be an important supporting tool for the differential
diagnosis of benign and malignant breast lesions. It is a
reliable, reproducible and non-invasive technique, rela-
tively easy to perform and of low cost, given that it only
requires the addition of a software package to the tradi-
tional ultrasound equipments, and it usually lasts only 5
min longer than a conventional B-mode ultrasound.
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Fig.6 72-year-old patient with a false negative result. Ultrasound
(a) showed a solid, hypoechoic, irregular mass with spiculated mar-
gins, with an antiparallel orientation at 10 o’clock position of the

Conclusions

Quantitative elastography showed acceptable to excellent
discriminative ability to differentiate benign and malig-
nant breast lesions. Most false negative results were ductal
carcinomas located outside the optimal field of view or
lesions with a necrotic or mucinous component. In our
study, the QelaXtoTM software showed a lower optimal
cutoff value (50 kPa) than the ones reported for other ultra-
sound systems.
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right breast. Doppler evaluation (b) shows peripheral vascularization.
Quantitative elastography (c¢) measurement was 18.5 kPa. Histopa-
thology report: ductal carcinoma in situ
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