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Can Shear Wave Elastography Increase Specificity in
Diagnosis of Benign and Malignant Breast Masses?

Amornthip Tasma MD?, Jenjeera Prueksadee MD!

! Division of Diagnostic Radiology, Department of Radiology, Faculty of Medicine, Chulalongkorn University,
King Chulalongkorn Memorial Hospital, Bangkok, Thailand

Objective: To determine whether shear wave elastography [SWE] can increase specificity in diagnosis of benign and malignant
breast masses in BI-RADS category 3 and 4.

Materials and Methods: Data were collected retrospectively between January 2013 and December 2015 at King Chulalongkorn
Memorial Hospital. Breast sonography with supplementary SWE of BI-RADS category 3 and 4, according to the ACR BI-RADS
2013, which had histopathology-proved diagnosis or at least two years of stability, were randomly reviewed by the researchers.
Elasticity values were all generated by Supersonic Imagine ultrasound system. Minimal elasticity [Emin], mean elasticity [Emean],
and maximal elasticity [Emax] values were separately evaluated among benign and malignant groups.

Results: One hundred sixteen lesions in 107 female patients were eligible for the present study. Eighty lesions (68.9%) were
benign and 36 lesions (31.0%) were malignant. All Emin, Emean, and Emax showed statistically significant difference between
benign and malignant lesions (p-value 0.022, 0.001, and <0.001, respectively). The area under the receiver operating curve [AUC]
for elasticity value was slightly higher for maximum (0.733) than mean (0.710) values. The cut-off value of Emax was 110 kPa,
showing sensitivity 63.9%, specificity 78.8%, PPV 57.5%, NPV 82.9%, and accuracy 74.1%. All BI-RADS category 3 lesions were
benign, as well as all BI-RADS category 4c lesions, were malignant. The cut-off value of Emax below 48 kPa in BI-RADS category 4a
lesions proved to be all benign except medullary carcinoma. Maximal Emax value was 300 kPa, which was proven to be diabetes
mellitus mastopathy and some malignant lesions.

Conclusion: Emin, Emean, and Emax values were significantly different between benign and malignant masses and the specificity
was increased as compared with conventional ultrasound alone, especially in BI-RADS category 4a. The present study showed
Emax value at 110 kPa had good specificity and high NPV. Elasticity values primarily reflect the degree of fibrosis of breast lesions,
which help the diagnosis.
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Breast cancer is the most common cancer among
females in the Asia-Pacific region and the fourth most
common cause of cancer-related deaths. Survival
from breast cancer depends mainly on early detection
that leads to optimal treatmentV. Since Asian breasts
tend to have denser tissue than western breasts, the
possibility of missed lesion from mammography in the
Asian population is increased®. Ultrasound is one of
the current gold standards, according to the American
College of Radiology, Breast Imaging Reporting and
Data System [ACR BI-RADS] Atlas 2013® (Table 1).
BI-RADS Category 3 is reserved for specific imaging
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findings containing the probably benign finding(s),
known to have more than 0% but 2% or less likelihood
of malignancy. The initial short-term follow-up interval
is usually six months to assess stability for category 3.
BI-RADS Category 4 is used for findings that do not
have the classic appearance of malignancy but are
adequately suspicious to justify a recommendation
for interventional procedures. The likelihood of
malignancy for category 4 is more than 2% and less
than 95%, which cover quite a wide range®. The present
study is concerned about the different management
between BI-RADS category 3 and 4. The limitation
of the conventional ultrasonography is low specificity,
while good sensitivity and negative predictive value
[NPV]are achieved®. Shear wave elastography [SWE]
is a new diagnostic tool for detecting tissue elasticity
(stiffness) by applying vibration energy irradiation via
real-time ultrasonography. This method brings both
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Table 1. American college of radiology BI-RADS Atlas 2013

Assessment

Management

Likelihood of cancer

Category 0: Incomplete, need additional imaging
evaluation

Category 1: Negative
Category 2: Benign

Category 3: Probably benign
surveillance

Category 4: Suspicious Tissue diagnosis

Category 4a: Low suspicion for malignancy
Category 4b: Moderate suspicion for malignancy

Category 4c: High suspicion for malignancy
Category 5: Highly suggestive of malignancy Tissue diagnosis

Category 6: Known biopsy-proven malignancy

Recall for additional imaging

Routine screening
Routine screening

Short-interval (6-month) follow-up or continued

Surgical excision when clinically appropriate

N/A

Essentially 0% likelihood of malignancy
Essentially 0% likelihood of malignancy
>0% but <2% likelihood of malignancy

>29% but <95% likelihood of malignancy

>2% to <10% likelihood of malignancy
>10% to <50% likelihood of malignancy
>50% to <95% likelihood of malignancy

295% likelihood of malignancy
N/A

N/A = not applicable

qualitative and quantitative diagnostic assessment in
kiloPascal [kPa] unit®. Benign lesions tend to be soft,
while malignancy tends to be stiffer®.

The purpose of the present study was determined
whether SWE could differentiate benign and malignant
breast lesions in BI-RADS category 3 and 4.

Materials and Methods

The present cases were randomly collected
between January 2013 and December 2016 at King
Chulalongkorn Memorial Hospital [KCMH]. The
clinical information and imaging findings were
reviewed from the medical record and the Picture
Archiving and Communication Systems [PACs]. Two
hundred forty-three breast masses with BI-RADS
category 3 or 4 by conventional ultrasound and
supplementary quantitative elastography between
January 2013 and December 2016 were included. One
hundred nine lesions had qualitative assessment with
no region of interest [ROI] placement were excluded.
One patient with multiple masses in the same quadrant
of each breast was excluded due to the unability to
correlate lesion on ultrasound with the pathologic
results. Seventeen lesions with inconclusive definite
diagnosis due to inadequate tissue histopathology were
also excluded. Masses without pathological report but
stable size for at least two years follow up were defined
as benign lesions.

Both conventional ultrasound and elasticity
values were generated by the Aixplorer® (SuperSonic
Imagine, Aix en Provence, France). Five experienced
radiologists performed both qualitative and quantitative
assessment by placing the ROI box at the location of
maximum stiffness. The minimal, mean and maximal
elasticity values were obtained in every lesion in kPa
unit. Elastography application was used to calculate
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tissue elasticity based on the propagation speed of
shear waves®.

Image findings were interpreted according to the
ACR BI-RADS 2013 (fifth edition).

Case record form was composed of patient’s age,
clinical presentation, the maximal length of each lesion,
BI-RADS categories, pathological report, stability for
at least two years follow-up, minimal elasticity [Emin],
mean elasticity [Emean], and maximal elasticity
[Emax] values.

Statistical analysis

Differentiate elasticity between benign and
malignant breast masses was the primary outcome
in the present study. Sample size was calculated by
using two independent means. The SWE parameters
for calculating sample size were Emean and standard
deviation [SD] of benign and malignant breast masses,
which was published on a prior study”. Elasticity values
were presented as number (%), mean + SD. Statistical
analysis was performed using the SPSS Statistical
17.0 software. The average Emin, Emean, and Emax
values were compared between benign and malignant
masses by using unpaired t-test, which two-tailed
p-values of less than 0.05 was indicated as statistical
significance. Receiver operating characteristic [ROC]
curves for Emean and Emax values were analyzed to
evaluate diagnostic performance. The authors selected
cut-off value aimed high specificity without losing
sensitivity of the conventional ultrasonography. Then,
the sensitivity, specificity, positive predictive value
[PPV], NPV, and accuracy of the selected cut-off value
were achieved.

Furthermore, the average Emax values of all breast
masses were analyzed by subcategorized pathology
among benign and malignant lesions.
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Results

One hundred sixteen lesions in 107 patients
were eligible for the present study. All patients were
female. The mean patient’s age was 52 years (range
from 25 to 90 years). Of these 116 masses, 20 masses
(17.2%) were incidentally found due to screening
ultrasound, and 96 masses (82.8%) were presented
with a symptom. Grouping definite diagnosis into
benign and malignant lesions according to BI-RADS
categories are shown in Table 2.

The Emin (p-value 0.022), Emean (p-value 0.001),
and Emax (p-value <0.001) values reveal higher
values with statistical significance for malignant
lesions than all benign lesions. The highest diagnostic
performance was Emax value. The longest dimension
was subcategorized and compared with average Emax
values for each diagnosis group (Figure 1). The Emax
values for each pathological definite diagnosis are
shown in Table 3.

Regardless of the Emax values, all BI-RADS
category 3 lesions were all benign. In addition, all BI-
RADS category 4c¢ lesions were all malignant.

ROC curve analyses of the Emax and Emean
were performed, yielding the area under the receiver
operating curve [AUC] 0.733 and 0.710, respectively
(Figure 2). The optimal cut-off value of Emax was
110 kPa, showing sensitivity 63.9% (95% confidence

Average EMax (kPa)
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Table 2. Definite diagnosis grouping into benign and malignant
lesions according to BI-RADS categories
Diagnosis BI-RADS, n (%)
3 4a 4b 4c
Benign 30 (25.9) 30 (25.9) 20 (17.2) 0 (0.0)
Malignant 0(0.0) 7 (6.0) 11 (9.5) 18 (15.5)

Figure 1. The longest dimension comparing with average Emax
values for each benign and malignant groups.
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Figure 2. ROC curve analysis of the Emax and Emean, showing

a slightly higher diagnostic performance of the Emax
as compared with the Emean.

Table 3. Distribution of Emax values for each pathological definite diagnosis
Definite diagnosis n (%) Emax (mean * SD) Range
Benign 80 (68.97) 74.99+64.48 5.8t0 300
Stability at least 2 years 26 (22.41) 54.05+43.44 5.8t0 168.2
FIbroadenoma 27 (23.28) 75.50+58.20 10.1to 251.6
Adenosis 5(4.31) 115.70+64.06 46.8t0171.7
Phyllodes Tumor 4 (3.45) 75.63+65.44 15.2 to 141
Intraductal papilloma 3(2.59) 83.47+24.35 60.8to 109.2
Diabetes mastopathy 2(1.72) 293.55+9.12 287.1to 300
Cyst 3(2.59) 38.63+8.38 31.6t0 47.9
Benign findings 10 (8.62) 78.80+98.08 19 to 225.4
Malignant 36 (31.03) 141.80+86.83 4to 300
Ductal carcinoma in situ 4(3.45) 133.63+100.01 179 to 246.8
Invasive ductal carcinoma 21(18.10) 127.13+81.32 4to 300
Invasive lobular carcinoma 5(4.31) 155.48+85.34 86.8 to 298.5
Mucinous carcinoma 2(1.72) 167.45+42.64 137.3t0197.6
Invasive mammary carcinoma 3(2.59) 260.83£36.13 228.8t0 300
Medullary carcinoma 1(0.86) 5.70+0.00 5.7t0 5.7
] Med Assoc Thai | Vol.101 | No.11 | 2018 1525



Figure 3. A case presented with a palpable right breast lump,
ultrasonography revealed a large circumscribed
heterogeneous echoic mass with soft elasticity (Emax
15.2 kPa) at the right upper part, classified as BI-RADS
4b. The histology was benign phyllodes tumor.

interval [CI] 46.2 to 78.7), specificity 78.8% (95% CI
67.9 10 86.8), PPV 57.5% (95% CI1 41.0 to 72.6), NPV
82.9% (95% CI 72.2 to 90.2), accuracy 74.1% (95%
CI65.5to 81.2), false negative 36.1% (95% CI127.4 to
44.8), and false positive 21.3% (95% CI 13.9 to 28.7).

For BI-RADS category 4a masses, the threshold
values of 110 kPa showed PPV 25% (95% CI 4.5 to
64.4), NPV 82.8% (95% CI 63.5 to 93.4), sensitivity
28.6% (95% CI 5.1 to 69.7), and specificity 80% (95%
CI 60.9 to 91.6). For BI-RADS category 4b lesions,
the threshold values of 110 kPa revealed PPV 44.4%
(95% CI 22.4 to 68.7), NPV 76.9% (95% CI 46.0 to
93.8), sensitivity 72.7% (95% CI 39.3 to 92.7), and
specificity 50% (95% CI127.9 to 72.1).

Discussion

The best diagnostic performance of SWE to
differentiate benign and malignant breast masses in
BI-RADS 3 and 4 was the Emax value. The present
study revealed average Emax values were significantly
higher in malignant masses (141.8+86.63 kPa) than in
benign masses (74.99+64.48 kPa) (p-value <0.001),
consistent with the previous study®. Subcategorized
masses by longest dimension also showed higher
average Emax values of the malignant masses as
compared to the benign masses. The present study
also demonstrated that benign lesions tend to be soft,
for examples, fibroadenoma, intraductal papilloma,
and benign phyllodes tumor (Figure 3), similar to a
previous report®.
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Figure 4. A case with diabetes mellitus was sent to follow-up
bilateral breast masses. Ultrasound revealed the mass
with posterior shadowing and hard elasticity value
(Emax 300 kPa) in right breast, classified as BI-RADS
3. The histology was diabetic mastopathy.

180 kPa

Figure 5. A case with palpable lump on her left breast,
ultrasonography showing a partially circumscribed
hypoechoic mass with hard elasticity (Emax 300 kPa).
This mass was classified as BI-RADS 4b. The histology
was invasive ductal carcinoma.

Maximal Emax value was 300 kPa, which
proved to be diabetes mellitus mastopathy (Figure 4)
and some malignant lesions including, invasive
ductal carcinoma (Figure 5) and invasive mammary
carcinoma, in agreement with a previous study®.
Elasticity primarily reflects the degree of fibrosis of
breast lesions. The stiffness of malignant lesions was
believed to be influenced by desmoplastic reaction
owing to neoplastic infiltration of the interstitial
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tissue'?. In addition, a previous study proved that
diabetic mastopathy shows increase consistency and
density secondary to fibrous proliferation”. Their
pathologies revealed areas of fibrosis with predominant
B cell-lymphocytic infiltration.

The combination of conventional ultrasound and
SWE can improve management of breast lesions by
increasing specificity. The authors’ data presented the
cut-off value of 110 kPa for differentiating malignant
from benign lesions, which is close to the previous
report of 106 kPa®.

BI-RADS category 4a showed benefit from
elastography with high specificity of 80% and high
NPV of 82.8%, reducing unnecessary biopsies for
masses with Emax less than 110 kPa. A PPV of 25%
appeared to be higher than the likelihood of malignancy,
which is between 3% to 10% of BI-RADs category 4a
masses with Emax at least 110 kPa. In addition, the cut-
off value of Emax below 48 kPa in BI-RADS category
4a lesions proved to be all benign lesions except one,
which was medullary carcinoma (Figure 6). This is in
line with a previous study stating that tumors with low
malignant consistency included medullary carcinoma,
mucinous carcinoma, and papillary carcinoma?.

BI-RADS category 4b masses had the likelihood
of malignancy between 11% to 50%, consistent with
the present study showing PPV 44.4% at the threshold
values of 110 kPa.

Some limitations have occurred in the present

Mean

SD
Diam

Figure 6. A case with lobulated hypoechoic mass with soft
elasticity value (Emax 5.7 kPa) in her left breast,
classified as BI-RADS 4a. The histology revealed
medullary carcinoma.
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study. First, BI-RADS category assessments were
retrospectively established by five radiologists,
causing inter-observer variability. Second, not all
malignant and benign breast lesions were included
in the present study. There was no malignant cases of
lobular carcinoma in situ [LCIS], invasive papillary
carcinoma, and tubular carcinoma as well as other
uncommon inflammatory and reactive breast disorders,
which could mimic malignancy, such as granulomatous
mastitis and Mammary tuberculosis'?.

A future study with large-scale validation
including a greater variety of breast diseases may
increase the level of confidence for combined SWE
with the conventional ultrasonography in the evaluation
of various breast masses.

Conclusion

Elasticity values between benign and malignant
BI-RADS category 3 and 4 masses were significantly
different. Emax showed the highest diagnostic
performance. Elasticity primarily reflects the degree
of fibrosis in lesions, which help the diagnosis. Our
cut-off value of Emax was 110 kPa, showing increased
specificity as compared with ultrasound alone. Emax
of at least 110 kPa masses tend to be malignant while
lower Emax masses tend to be benign. However,
malignancy without desmoplastic reaction and benign
masses with fibrosis could cause false negative in
36.1% and false positive in 21.3%, respectively. We
found that all BI-RADS category 3 masses were all
benign as well as all BI-RADS category 4c masses
were all malignant regardless of elasticity values and
sizes. BI-RADS category 4a showed benefit from
elastography with high specificity and high NPV,
leading to a reduction of unnecessary biopsies for Emax
less than 110 kPa masses.

What is already known on this topic?

Shear wave ultrasound elastography brings both
qualitative and quantitative diagnostic assessment of
breast masses. Benign lesions tend to be soft, while
malignancy tends to be stiffer.

What this study adds?

The purpose of this study was to determine
whether SWE can differentiate benign and malignant
BI-RADS category 3 and 4 breast masses because
physicians concern about different management
between these two categories. The authors reported
diagnostic performance of the proper cut-off value.
The authors also found that BI-RADS category 4a
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showed benefit from supplement elastography with
high specificity and high NPV, leading to a reduction
in unnecessary biopsies for masses with Emax less
than 110 kPa.
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