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ARTICLE INFORMATION AIM: To investigate the role of utilizing size-based thresholds of stiffness gradient in diag-
nosing solid breast lesions and optimizing original Breast Imaging-Reporting And Data System

Article history: (BI-RADS) classifications.

Received 4 September 2018 MATERIALS AND METHODS: Two-hundred and twenty-seven consecutive women under-

Accepted 8 January 2019 went shear-wave elastography (SWE) before ultrasound-guided biopsy, and 234 solid breast

lesions categorized as BI-RADS 3—5 were analysed. Receiver operating characteristic curve
analysis was performed based on histopathology. Diagnostic performance among SWE, BI-
RADS, and their combination were compared.

RESULTS: The stiffness gradient correlated with the standard deviation of elasticity (SD,
r=0.90), and with Tozaki’s pattern classification (r=0.64). The area under the receiver oper-
ating characteristic curves (AUC) for stiffness gradient (0.939) outperformed SD (0.897) or
colour pattern (0.852). Due to significant association with lesion size (r=0.394, p<0.001),
stiffness gradient’s size-based thresholds (lesions >15 mm: 82.5 kPa; lesions <15 mm: 51.1
kPa) were established to reclassify BI-RADS 3—4b lesions. Upgrading category 3 lesions (over
the corresponding cut-off value, 3 to 4a) and downgrading categories 4a-4b lesions (less than
or equal to the corresponding cut-off value, 4b to 4a, 4a to 3), yielded significant improvement
in specificity (90.28% versus 77.78%, p<0.001) and AUC (0.948 versus 0.926, p=0.035) than BI-
RADS alone. No significant loss emerged in the sensitivity (88.89% versus 91.11%, p=0.500).

CONCLUSION: Stiffness gradient exhibited better discriminatory ability than SD or four-
colour pattern classification in determining solid breast lesions and applying its size-specific
thresholds to categorize BI-RADS 3—4b lesions could improve diagnostic performance.
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increasing incidence and mortality has been noted in
China.! Due to the lower sensitivity of mammography for
cancer detection in dense breasts, ultrasound (US) has been
considered an important imaging technique to screen and
characterize breast lesions, particularly in Asian women
with dense breasts.” The American College of Radiology
released the Breast Imaging-Reporting And Data System
(BI-RADS US) so as to standardize findings on breast ultra-
sonography.® Although US possess advantages of porta-
bility, non-invasiveness, and cheapness, false-positive
cases, increasing biopsies, and costs accompanies by
increased breast cancer detection have been recognized.” As
a recent meta-analysis reported, the pooled sensitivity for
US is relatively high (0.87; 95% confidence interval [CI]:
0.85—-0.90), and its specificity is low (0.72; 95% CI:
0.69—0.75).° Unlike conventional US, the newly developing
shear-wave elastography (SWE) can convey tissue me-
chanical properties,® which increases confidence in breast
lesion characterization.

Tumour genetic and histopathological heterogeneity is
highly related to its treatment and prognosis.” Corre-
spondingly, variability in Young’s modulus between normal
and malignant breast specimens can be observed ex vivo,
and breast cancer displays obvious elastic heterogeneity.®
Several in vivo studies have also confirmed that malignant
lesions are more heterogeneous than benign lesions using
qualitative and quantitative analysis of SWE.°~'' On SWE,
although elasticity heterogeneity can be reflected by qual-
itative classification, standard deviation of elasticity (SD) is
its only quantitative measurement. Nevertheless, the diag-
nostic performance of SD has been mentioned to be
modest.'? Another parameter, the stiffness gradientB, was
first proposed by a recent meta-analysis, based on the
consideration that the difference between mean elasticity
(Emean) and maximum elasticity (Emax) is greater in het-
erogeneous lesions than in homogeneous ones. The focus of
the present prospective study was the effect of adding the
stiffness gradient to conventional US in determining solid
breast lesions.

Materials and methods
Patients and breast lesions

Two-hundred and twenty-seven consecutive female in-
dividuals scheduled for US-guided biopsy were recruited
prospectively from January 2016 to July 2017. This work was
approved by the Institutional Review Board of the hospital
and all participants signed the informed consent.

Superficial lesions were more easily affected by trans-
ducer compression, therefore, the World Federation for
Ultrasound in Medicine & Biology (WFUMB) guideline
suggests that SWE should not be used when a lesion is <3
mm from the skin surface.' Lesions size >30 mm were also
excluded due to their size being larger than the maximum
sampling frame of SWE. In addition, patients with previous
treatment for breast cancer and low-quality elastograms
were excluded. Finally, a total of 234 solid breast lesions

were assessed with conventional US and SWE. Most
(n=197) were BI-RADS 4a or higher, as biopsy was recom-
mended for these lesions according to BI-RADS criteria.’
Thirty-seven other BI-RADS 3 lesions were also evaluated
before biopsy, either because of patient request or clinician
proposal.

Conventional US and SWE examinations

Both routine US and SWE examinations for breast lesions
were obtained using an US machine (Aixplorer System®,
Supersonic Imagine, Aix-en-Provence, France) equipped
with a 4—15 MHz linear array transducer. Each targeted
lesion was viewed carefully in two orthogonal planes by one
junior and one senior breast sonographer, and its US char-
acteristics, such as shape, margin, orientation, echo pattern,
and posterior features, were recorded. BI-RADS classifica-
tion was judged based on BI-RADS criteria,’ and a consensus
was reached in cases of discrepancy.

Two orthogonal elastographic images were obtained in
each lesion. SWE mode was activated on identifying an
optimal US image. The elastic scale was fixed 0—180 kPa,
and the transducer was lightly and vertically placed on the
skin.'* The sampling area was set to include the lesion itself
and surrounding normal fatty tissue. SWE acquisition was
carried out after asking the patient to hold their breath for
approximately 3—5 seconds. This procedure was repeated
three times by the same two examiners with experience in
SWE, and the pooled values were averaged for analysis.
SWE analyses were performed by qualitative and quanti-
tative methods. Qualitative analysis based on Tozaki'’s four-
colour pattern’®: no findings (Pattern 1), vertical stripe
pattern artefacts (Pattern 2), a localized coloured area at the
margin of the lesion (Pattern 3), and heterogeneously col-
oured areas in the interior of the lesion (Pattern 4). Quan-
titative analysis was realized by placing a 2 mm circular
region of interest (ROI) over the stiffest part of the lesion,
then Emax, Emean, and SD were generated automatically.'®
The stiffness gradient was calculated according to the
following equation'>:

Stiffness Gradient = (Emax — Emean) | Emax

Statistical analysis

Continuous variables were expressed as mean =+ SD.
Spearman’s correlation coefficient was used to investigate
the association among stiffness gradient, SD, and SWE
pattern. In the same way, correlations between stiffness
gradient and lesion depth or maximum size were also
analysed. Differences between benign and malignant le-
sions in these elasticity values were compared using the
Mann—Whitney test.

Receiver operating characteristics (ROC) curves were
generated to evaluate diagnostic performances of SWE, BI-
RADS, and BI-RADS combined with SWE. Histopathology
results were used as the reference standard. The diagnostic
power was determined by the area under the curve (AUC),
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and its binomial exact confidence interval (CI) was also
calculated. Their thresholds were determined by the
maximum Youden'’s index.

There were three combined methods for stiffness
gradient to assist traditional US in diagnosing breast
masses. A unified standard was adopted as follows: If the
lesion was over its corresponding size-specific criteria (>15
mm: 82.5 kPa; <15 mm: 51.1 kPa) it would be upgraded to
the next grade, otherwise, it would be downgraded one
level. In combination 1, categories 3—4a were upgraded (3
to 4a; 4a to 4b) and categories 4a—4b downgraded (4a to 3;
4b to 4a). Compared to combination 1, the only difference in
combination 2 was that BI-RADS 4a was not upgraded. In
combination 3, only BI-RADS 3 was upgraded and category
4a downgraded. AUC comparisons were performed using
the method described by DeLong.'® Differences in sensi-
tivity or specificity were compared using the McNemar test.

Analyses were performed using commercial software
(SPSS version 18, IBM, Armonk, NY, USA and MedCalc
version 10.1.6 MedCalc, Mariakerke, Belgium). A p-value of
<0.05 was considered statistically significant.

Results

Two-hundred and twenty-two consecutive women
(mean age, 44.24+11.7 years; range, 23—84 years) under-
went SWE examination before US-guided biopsy. Most
patients had one lesion warranting biopsy whereas seven
patients had two lesions. A total of 234 lesions (mean
diameter, 164-6.2 mm; range, 4—30 mm) were analysed.

Of those 234 breast lesions, 90 (38.5%) were confirmed as
malignant, and 144 (61.5%) were benign. Their histopatho-
logical types were shown in Table 1. The mean size of ma-
lignant lesions was 17.8+6.3 mm, compared with 14.8+5.9
mm for benign lesions (p<0.001). The depth for malignant
lesions was comparable to benign lesions (0.75+ 0.28
versus 0.784 0.31 cm, p=0. 346).

BI-RADS assessment

Thirty-nine lesions were classified as category 3 (prob-
ably benign), and 81 in category 4a (low suspicion), 37 in
category 4b (intermediate suspicion), 41 in category 4c
(moderate suspicion), and 36 in category 5 (highly sugges-
tive). Malignancy rates were 2.6% (1/39) for category 3, 8.7%
(7/81) for category 4a, 29.7% (11/37) for category 4b, 87.8%
(36/41) for category 4c, and 97.2% (35/36) for category 5.
Assuming the cut-off value of BI-RADS 4a, the AUC was

Table 1
Histopathology results for 234 solid breast lesions.

Benignancy (N=144) Malignancy (N=90)

Invasive ductal carcinoma (n=76)
Invasive lobular carcinoma (n=6)

Fibroadenoma (n=93)
Ductal or epithelial

hyperplasia (n=24)
Granulomatous mastitis (n=14)
Abscess (n=4)
Adenosis (n=3)
Phylloides tumour (n=1)

Ductal carcinoma in situ (n=4)
Phylloides tumour (n=3)
Mucinous carcinoma (n=1)

0.926 (95% CI: 0.884—0.956). Its sensitivity and specificity
were 91.11% and 77.78%, respectively.

Correlations between stiffness gradient, SD and colour
pattern

The typical SWE maps for benign and malignant breast
lesions are seen in Fig 1a,b, respectively. As expected, the
malignant exhibited greater stiffness gradient and SD
(Fig 1c), as well as higher grade of the four-colour pattern
classifications (Fig 1d). The stiffness gradient was 46.84-36.9
kPa for benign lesions, significantly lower than that for
malignant lesions (183.6+84.9 kPa, p<0.001). The same
trend was also observed in SD and SWE pattern. The value
of SD was 3.9+3.9 kPa for the benign group, and 16.8+10.9
kPa for the malignant group. Twenty-nine (12.3%) lesions
were categorized as colour pattern 1,93 (39.7%) in pattern 2,
94 (40.1%) in pattern 3, and 18 (7.6%) in pattern 4. The
malignancy rate of each pattern was 6.9% (2/29) for pattern
1, 7.5% (7/93) for pattern 2, 70.2% (66/94) for pattern 3, and
83.3% (15 of 18) for pattern 4 (p<0.001).

The stiffness gradient displayed significantly high cor-
relation with SD (r=0.90, p<0.001; Fig 2a), but only mod-
erate correlation with colour pattern (r=0.64, p<0.001;
Fig 2b). Meanwhile, SD also correlated significantly with
SWE pattern classifications (r=0.55, p<0.001; Fig 2c).

Diagnostic performance of elasticity

For stiffness gradient, the AUC was 0.939 (95% CI:
0.900—-0.966), with a cut-off value, sensitivity, and speci-
ficity of 82.5 kPa, 85.56%, and 88.89%, respectively. SD was
0.897 (95% CI: 0.850—0.933) in the AUC, with a cut-off value,
sensitivity, and specificity of 6.8 kPa, 81.11%, and 84.72%,
respectively. Regarding pattern 1 or 2 as negative and
pattern 3 or 4 as positive, the AUC was 0.852 (95% CI:
0.799-0.895), with sensitivity of 90% and specificity of
78.47%.

The colour pattern showed similar diagnostic perfor-
mance to SD (Z=1.880, p=0.060), but both of them dis-
played less diagnostic power compared with the stiffness
gradient (SD: Z=3.079, p=0.002; colour pattern: Z=4.629,
p<0.001).

Diagnostic performance of stiffness gradient added to BI-
RADS

Considering that stiffness gradient was significantly
correlated with maximal lesion size (r=0.394, p<0.001)
rather than lesion depth ((r=—0.026, p=0.697), diagnostic
performance was further analysed according to lesion size
(Table 2). For smaller lesions (<15 mm), the values of cut-
off, sensitivity, and specificity were 51.1 kPa, 87.18%, and
80.23%, respectively. The corresponding values for the
remaining larger lesions (>15 mm) were 82.5 kPa, 98.04%,
and 84.48%. Accordingly, the cut-off value of SD was 10.5
kPa for larger lesions and 5.6 kPa for the smaller lesions;
however, the cut-off value for SWE pattern remained un-
changed. Those elasticity features unexceptionally dis-
played a higher value of AUC and Youden’s index in the
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Figure 1 Typical SWE colour maps for benign and malignant breast lesions. (a) A 35-year-old woman with fibroadenoma. SWE assessment: BI-
RADS 4a lesion located at 11 o’clock in the left breast was classified as colour pattern 1, and its stiffness gradient and SD values were 24.2 and 2.1
kPa, respectively. (b) A 57-year-old woman with invasive ductal carcinoma. SWE assessment: BI-RADS 4c lesion located at 3 o’clock in the right
breast was classified as colour pattern 3, and its stiffness gradient and SD values were 331.3 and 36.2 kPa, respectively. (c) Malignant group
displayed higher values of SD and stiffness gradient than benign group. (d) Most malignancies were classified into pattern 3 or 4, which was

quite different from the benign group.
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Figure 2 Spearman’s correlation analyses between SWE features and stiffness gradient. (a) Correlation between stiffness gradient and SD. (b)
Correlation between stiffness gradient and four-colour pattern. (c) Correlation between SD and the four-colour pattern.

bigger lesion group than in the entire or smaller lesion
group.

Owing to its higher specificity and AUC, the stiffness
gradient was, therefore, selected as the best SWE parameter
to optimize BI-RADS classification. A unified size-based
standard was adopted as follows: a lesion over its corre-
sponding size-specific criteria (>15 mm: 82.5 kPa; <15
mm: 51.1 kPa) would be upgraded to the next grade. In
contrast, it would be downgraded for one level. Categories
4c to 5 remained unchanged. In combination 1, categories

3—4a were upgraded (3 to 4a; 4a to 4b) and categories
4a—4b were downgraded (4a to 3; 4b to 4a). Combination 2
was similar to combination 1 except that BI-RADS 4a lesions
were not upgraded to 4b. As shown in Table 3, combination
2 acquired a greater improvement in specificity (90.28%
versus 77.78%, Z=2.105, p<0.001) and AUC (0.948 versus
0.926, p=0.035), without any significant loss in sensitivity
(88.89% versus 91.11%, p=0.500) than conventional US. This
combination exhibited increased AUC than BI-RADS itself in
Fig 3.
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Diagnostic performances of shear-wave elastography (SWE) with or without considering lesion size.

Elasticity Lesion Threshold AUC (95%CI) Sensitivity Specificity Youden index
Colour pattern <15 mm 2 0.810 (0.730—0.875) 82.05% 80.03% 0.62
>15 mm 2 0.880 (0.804—0.935) 96.08% 75.86% 0.72
entire 2 0.852 (0.799—-0.895) 90.00% 78.47% 0.69
Stiffness gradient <15 mm 51.1 kPa 0.913 (0.849—0.956) 87.18% 80.23% 0.67
>15 mm 82.5 kPa 0.965 (0.911-0.991) 98.04% 84.48% 0.83
entire 82.5 kPa 0.939 (0.900—0.966) 85.56% 88.89% 0.75
SD <15 mm 5.6 kPa 0.857 (0.783—0.913) 71.79% 86.05% 0.58
>15 mm 10.5kPa 0.934 (0.870—0.972) 86.27% 93.10% 0.79
entire 6.9 kPa 0.897 (0.850—0.933) 81.11% 84.72% 0.66
Table 3
Adding stiffness gradient to adjust original BI-RADS classification.
Diagnostic methods Cut-off AUC (95%CI) Sensitivity Specificity
BI-RADS 4a 0.926 (0.884—0.956) 91.11% 77.78%
Combination 1 Downgrade 4a, 4b 4a 0.947 (0.910—0.972) 94.44% 80.56%
Upgrade 3, 4a
Combination 2 Downgrade 4a, 4b 4b 0.948 (0.912—0.973)" 88.89% 90.28%°
Upgrade 3
Combination 3 Downgrade 4a 4b 0.940 (0.901-0.967) 78.89%° 95.83%"
Upgrade 3

There were three types of stiffness gradient combined with traditional US.

A unified standard was adopted: if lesion is over its corresponding size-specific criteria (lesion >15 mm: 82.5 kPa; lesion <15 mm: 51.1 kPa) would be upgraded

to next grade, otherwise, it would be downgraded for one level.
Compared to original BI-RADS.

2 Significant increase in AUC (p=0.035).

b Significant improvement in specificity (p<0.001).

¢ Significant loss in sensitivity (p=0.001).

In combination 2, two BI-RADS 3 lesions (benign and
malignant for each) were upgraded to category 4a. Most
benign BI-RADS 4a lesions (83.78%, 60/74) were correctly
downgraded to category 3; however, two malignant cases
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Figure 3 ROC curves for BI-RADS, stiffness gradient, and their com-
bination. Here, the combination refers to the combination 2.

were also downgraded. In BI-RADS 4b, 18 benign and two
malignant lesions were downgraded to classification 4a.
The false-positive cases were a fibroadenoma (n=1) in BI-
RADS 3, and the false-negative cases were mucinous car-
cinomas (n=2) in BI-RADS 4a and invasive ductal carci-
nomas (n=2) in BI-RADS 4b. Although two malignant BI-
RADS 4b lesions were mistakenly downgraded, they were
also biopsied. In combination 1, both the sensitivity and
specificity were slightly increased without significant
improvement compared to conventional US. When
upgrading BI-RADS 4a to 4b, two malignant lesions were
upgraded successfully, but 11 in 74 benign BI-RADS 4a le-
sions were adjusted incorrectly. As for combination 3, the
specificity was significantly increased, but the sensitivity
was obviously decreased.

Discussion

A heterogeneous appearance on SWE has been
acknowledged as an important malignant character-
istic,” "' which has been demonstrated to be helpful in
identifying breast cancer.'"'” Although many researches
have studied the supplementary value of SWE for breast
cancer diagnosis, only few have specifically discussed the
heterogeneous manifestation.” !! After careful review of
the literature, lesion heterogeneity could be assessed
qualitatively (two or three or four colour-pattern) and
quantitatively (SD) on SWE. The three-colour pattern (very
homogeneous, reasonably homogeneous, and
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heterogeneous) has worse diagnostic performance than SD
or the four-colour pattern,'” with relative lower specificity
(60%) resulting from dichotomous views (homogeneous or
heterogeneous).” The stiffness gradient was proposed by a
meta-analysis, with the hypothesis of bigger gap between
Emean and Epax in a heterogeneous lesion than a homoge-
neous lesion."® The present study applied this parameter in
a prospective study and found that malignant lesions
exhibited greater stiffness gradient than benign ones. The
stiffness gradient correlated significantly with SD. This is
consistent with the study of Lee et al., in which malignant
lesions with high Eean or Emax values tended to be histo-
logically heterogeneous and have a high level of SD.'° Only a
moderate correlation between SD and SWE pattern (r=0.55,
p<0.001) was found, which is similar to 0.545 in the study
of Yoon et al.'® A moderate correlation was also observed
between the stiffness gradient and colour pattern. The re-
sults of the present study indicate that the stiffness gradient
possibly reflects lesion heterogeneity similar to four-colour
pattern categories or SD.'"

A meta-analysis determined that the values of AUC,
sensitivity, and specificity for SWE were 0.94 (95% CI:
0.91-0.96), 0.897 (95% CI: 0.863—0.923), and 0.863 (95% ClI:
0.831—-0.889), respectively (24). This is in good agreement
with the present result that the AUC of stiffness gradient
was 0.939, with a sensitivity of 85.56% and specificity of
88.89%. The strength of the stiffness gradient is that it in-
volves the two most effective quantitative parameters and
emphasizes the most efficient parameter of Emax (16). In
the present study, the AUC value of the stiffness gradient
was significantly higher than that of the SD or SWE pattern
(0.939 versus 0.897, 0.939 versus 0.852, all p<0.050). This
led us to apply the stiffness gradient to improve diagnostic
performance of traditional US in the differential diagnosis of
solid breast masses.

Most studies hold the view that SWE combined with BI-
RADS can improve the AUC,1°~21 whereas some have argued
that no significantly better performance was obtained.'®
The evidence for this has been less certain, and it was
speculated that this might be caused by multiple factors
such as the accuracy of BI-RADS classifications.'®'® Rui et al.
reported that most breast lesions were correctly catego-
rized, and concluded that it had a high value of AUC (0.94)
for conventional ultrasound, with little possibility for its
improvement by SWE.?? In contrast, diagnostic improve-
ment tended to appear in the modest performance on US
alone, such as the specificity of 13% in the study of Feld-
mann et al.,” and an obvious increase in malignancy rate in
BI-RADS 4a (19%, 16/86) in the research of Zhou et al.>*

Unlike in other studies,'"”* no significant association
between stiffness gradient and lesion depth was found in
the present study. This could be explained by the similar
and narrow range of lesion depth between the benign and
malignant groups (benign: 7.8+3.1 mm; malignant: 7.54+-2.9
mm). The BE1 multinational study of 939 masses has re-
ported that there was a 4.5 kPa decrease in lesion stiffness
for each 5 mm increase in lesion depth.>* As was reported
by several previous studies,’>?°?’ the SWE value also
correlated significantly with lesion size, and its threshold

increased with lesion size. Yoon et al’* further demon-
strated that breast lesions of larger size usually resulted in
false-positive results on SWE, and vice visa.

In the light of these results, a threshold based on lesion
size might be necessary for using SWE to optimize BI-RADS
classification. This decision was also noted by Skerl et al.?®
and Cong et al.*’ In the present study, the identical size-
specific criterion (82.5 kPa for lesion >15 mm; 51.1 kPa for
lesion <15 mm) was utilized to optimize in three different
ways. Upgrading BI-RADS 3 and downgrading 4a and 4b
(combination 2), both the specificity and AUC significantly
improved, without any loss of sensitivity. In combination 1,
the diagnostic parameters increased slightly, but with no
significant improvement, which was consistent with the
conclusion of Cong et al. that the performance of the com-
binations using the subgroups’ thresholds did not differ
significantly from those based on the entire study group’s
thresholds.”” In combination 3, although the specificity
significantly increased, the sensitivity decreased obviously.
The present results could be explained by the malignant
rate among the three categories growing disproportionately
(BI-RADS 3:<2%; 4a: 3—9%; 4b: 10—49%). For example,
upgrading category 3 to 4a must be less likely to incur
mistakes than upgrading category 4a to 4b. As the multi-
national study and WFUMB guidelines clearly state that
using SWE features to upgrade BI-RADS category 3 and
downgrade 4a masses is reasonable, but to change treat-
ment of masses with moderate-to-high suspicion (BI-RADS
category 4c or 5) was not advocated.'"'* To upgrade cate-
gory 4a and downgrade category 4b was not clearly illus-
trated. According to the BI-RADS standard, it is much more
difficult to detect malignant BI-RADS 3 lesions than to
detect benign BI-RADS 4b lesions. As in the present study,
Feldmann et al. showed that the specificity improved from
13% to 51% without loss of sensitivity (100%) on using
benign SWE signs to selectively downgrade category 4a and
4b lesions?; however, Wang et al. have proven that BI-RADS
classification in conjunction with SWE (upgrade 3 to 4a;
upgrade 4a to 4b; downgrade 4b to 4a) effectively increased
sensitivity and specificity.”® Therefore, the present strategy
needs to be further validated.

In combination 2, there were still one upgraded BI-RADS
3 lesion and two wrongly downgraded lesions for each in
BI-RADS 4a and 4b. The benign case was ultimately proven
to be fibroadenoma of 16 mm in size, which could be
explained as fibroadenoma showing false-positive SWE
results tended to be larger in size.”” Four malignant cases,
including three case of invasive carcinoma and one case of
mucinous carcinoma, were mistakenly downgraded.
Although two lesions originally classified as BI-RADS 4b
were adjusted to BI-RADS 4a, they still warranted biopsy
and avoided being missed. In combination 2, up to 81% (60/
74) of benign BI-RADS 4a lesions could avoid biopsy. This is
in line with some authors’ findings that a large proportion
(46—85.7%) of benign biopsies can be reduced by the
addition of SWE to ultrasound.**"!

There were several limitations to the present research.
First, inter- and intra-observer variability were not assessed
as Emean and SD have been proven with perfect
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interobserver agreement.>” Second, SD is obtained through
a fixed ROI located at the stiffest part of the lesion rather
than a freehand ROI encompassing the entire lesion.
Although this ROI method might not be ideal, the typical
method of 2 mm ROI over the stiffest area was adopted by
many studies'"'®?° and was also suggested as a good
compromise in evaluating several parameters so as to avoid
different sets of measurements.>” No statistically significant
differences in the AUC of SD between these two ROI
methods were found by the prospective study of Liu et al.'”
Third, three colour-patterns (very homogeneous, reason-
ably homogeneous, and heterogeneous)!! and the di-
chotomy method (homogeneous or heterogeneous)’ were
not included in the present study due to their lower effec-
tiveness than SD or the four-colour pattern categories.
Finally, the malignancy rate of the present BI-RADS 3 lesions
was 2.6%, which was higher than the guideline.’ This could
be explained by the fact that the authors’ institution is a
referral centre. SD on routine two-dimensional SWE cannot
truly reflect an entire lesion’s heterogeneity because of ill-
defined boundaries as well as inner anechoic areas on
elastograms in some malignant lesions.

In conclusion, the stiffness gradient showed better
diagnostic power than SD or qualitative patterns, and both
the AUC and specificity were improved after using the
lesion size-based threshold to optimize BI-RADS 3—4b le-
sions. These findings suggest that it might be a better
quantitative parameter of elasticity heterogeneity in breast
lesions.
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