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ABSTRACT

Introduction: Breast cancer is the most common cancer occurring in women globally which is
potentially curable if detected early. Ultrasound elastography is a dynamic technique that estimates
tissue stiffness to differentiate between benign and malignant masses. Our study aimed to determine and
compare the diagnostic accuracy of B mode Sonography, Elasticity contrast index, and Tsukuba score
in differentiating malignant and benign breast masses.

Methods: This was a prospective cross-sectional study done including 110 lesions in 102 patients in the
age group of 15-73 years. The solid breast lesions seen on sonography were categorized according to
the American College of Radiology Breast Imaging Reporting and Data System (ACR BI-RADS) and
further evaluated with elastography using both Elasticity Contrast Index (ECI) and Tsukuba score with
pathological diagnosis taken as the gold standard. The cut-off value of ECI was obtained. The diagnostic
accuracy of B-mode sonography, ECI, and Tsukuba score was compared.

Results: We found that B-mode sonography had a sensitivity of 85.7%, specificity of 100%, and accuracy
of 96.9 %. The accuracy of Tsukuba scores for differentiating benign and malignant lesions was 81.2
%. The cut-off value of ECI obtained was 2.8 and the accuracy was 81.8%. A statistically significant
correlation (p < 0.05) existed between sonographic diagnosis, ECI, and Tsukuba score.

Conclusions: B mode sonography had the highest diagnostic accuracy while ECI and Tsukuba scores
were comparable. ECI can be used for breast masses using a cut-off of 2.8 to differentiate benign from
malignant.
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INTRODUCTION

Breast cancer is the most common malignancy
occurring in women globally and the second most
common malignancy overall, with a disparity in
mortality, which is disproportionately higher in
low-income countries. Though mammography
is an established screening tool, masses may be
obscured in dense breasts lowering its sensitivity.
Ultrasonography (US) has several advantages
including high sensitivity for breast imaging
but is limited by low specificity and operator
dependence. Histopathological diagnosis is
the gold standard for the diagnosis of a mass.
However, almost 75% of biopsied breast masses
are benign suggesting a need to lower the number
of biopsies in favor of follow-up for masses with
a low index of suspicion.'*343

Ultrasound elastography is a non-invasive
sonographic imaging technique that provides
additional information based on tissue stiffness
as malignant masses are stiffer, thus, increasing
the specificity of conventional B-mode US to
differentiate benign from malignant. There are
several techniques for elasticity imaging based
on strain elastography like Elasticity Contrast
Index which is semi-quantitative and Tsukuba.
In solid masses with borderline sonographic
features, elastography may help defer biopsy in
favor of follow-up by suggesting a benign nature.
Elasticity contrast index (ECI) is a quantitative
technique that is easy to obtain and reproducible
with higher values for stiffer nodules, suggesting
higher chances of malignancy. Tsukuba score, also
based on strain elastography, has been verified
by multiple studies to be more qualitative and
subjective.®’

In this study, we determined the cut-off of ECI
value to differentiate benign and malignant breast
lesions, determined the accuracy of the B-mode
sonography with Tsukuba score and ECI, and
compared them using histopathology diagnosis as
the gold standard. To our knowledge, no previous
study compares Tsukuba and ECI.

METHODS

This prospective cross-sectional observational

study was performed in the Department of
Radiology and Imaging and Department of
Pathology, Institute of Medicine (IOM), Tribhuvan
University Teaching Hospital (TUTH) from
October 2018 to September 2019 after obtaining
ethical approval. The study included 110 solid
masses in 102 individuals (females) referred for
ultrasonography. Patients who refused tissue
diagnosis, masses with inconclusive/ no available
cytologic/histopathologic  diagnosis, anechoic
lesions (clearly cystic), lesions larger than 30 mm
in diameter on their shortest axis and less than 10
mm in diameter on their longest axis, and lesions
positioned close to the skin or the rib cage were
excluded from our study.

The patients were examined using optimal
positioning and sonography technique for
B-mode followed by strain elastography using a
high frequency (7-12 MHz) probe. Tsukuba score
was obtained in breast protocol while ECI was
calculated in thyroid protocol available in the unit.
The elastogram was displayed over the B-mode
gray-scale ultrasound scan in a color scale. For
obtaining the ECI value, the probe was kept at
the surface with very light pressure to minimize
variations. The ROI was placed to include the
largest solid part of the lesion and the ECI value
was computed interactively and displayed on the
monitor. A minimum of two measurements were
obtained for each lesion and the lowest value was
recorded.”®

Based on ultrasound features masses were
categorized into ACR BI-RADS (American
College of Radiology Breast Imaging Reporting
and Data System) categories (Table 1).?

BI-RADS 2 and 3 lesions were categorized as
benign, 4a and 4b indeterminate, and 4c, and 5
malignant. Cut-off ECI value was calculated using
the ROC curve and lesions with higher values
were categorized as malignant while those with
lower values were benign. On the Tsukuba color
score, hard tissue was blue and soft tissue red to
green with masses categorized into scores 1 to 5.
Score 1 or 2 was categorized as benign, lesions
scored 3 were categorized as indeterminate and
lesions scored 4 or 5 malignant. Histopathological
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diagnoses of all lesions were obtained with
image-guided fine needle aspiration cytology or
core needle biopsy. All findings were tabulated
and statistical analysis was done using Statistical
Package for the Social Science (SPSS), Microsoft
Excel, Independent t-test, Man Whitney U test,
and ROC curve.

RESULTS

There were a total of 110 masses in 102 patients
with ages ranging from 15 to 73 years, mean
age being 33. Most of the masses were in the
left breast (51.8%, n=57) and 42.7 % (n=47) in
the upper outer quadrant. The mean dimension
of mass included in the study was 2.4 £ 0.8 cm
(mean + SD) and 1.6 £ 0.6 cm (mean + SD) in the
long and short axes respectively.

Based on the histopathology examination obtained
by aspiration cytology or biopsy, 75.5 % (n=83)
of the lesions were benign and 24.5% (n=27)
malignant. Of the benign cases, fibroadenoma
was the most common, accounting for 68.2%
(n=75). Invasive ductal carcinoma was the most
common malignancy (21.8%, n=24). Using a 95

% confidence interval, ROC curve analysis was
performed and the ECI cut-off value obtained was
2.8 (figure 1 and Table 1).
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Figure 1: ROC curve of the ECI values and

tissue diagnosis.

Table 1: Data about the area under the curve for ECI values.

95% Confidence Interval _
Variables P value
Upper Bound

ECI <0.001 0.607

Using an independent t-test for correlating ECI
value (cut off 2.8) and histopathological diagnosis,
a total of 85 lesions were found to be benign as per
ECI, 74 were benign and the remaining 11 were

0.873
malignant on histopathology. Out of 25 lesions
labeled malignant, 16 were reported as malignant

and 9 as benign on final diagnosis.

Table 2: Grayscale sonography, Tsukuba Score, and ECI (cut off 2.8) categorization of breast

masses as benign, indeterminate, and malignant

_ Gray scale sonography ECI (2.8 cut off) | Final HPE diagnosis

Benign 79 (71.8) 101 (91.9) 85(77.3) 83 (75.5)
Indeterminate 13 (11.8) 54.5) - -
Malignant 18 (16.4) 4 (3.6) 25 (22.7) 27 (24.5)
Total 110 110 110

Of the 79 masses deemed benign on sonography,
76 were consistent while 3 were malignant on

final diagnosis (table 2). All 18 masses that were

diagnosed malignant on USG were confirmed
so on histopathology. Out of 13 lesions labeled

as indeterminate, 53.8% (n=7) were benign and
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46.2% (n=6) were malignant on histopathology.
Of 101 masses labeled benign on the Tsukuba
score, 82 were confirmed while the remaining
19 were malignant. All 4 masses found to be
malignant on the Tsukuba score were consistent

Table 3: Sensitivity, specifici

in histopathology. Out of 5 indeterminate masses
on the Tsukuba score, 80% (n=4) were reported
as malignant (invasive ductal carcinoma) and 20
% (n=1) were benign (fibroadenoma) on final
diagnosis.

and accuracy of sonography, Tsukuba, and ECI values for

malignant breast masses

T  Sensiciviey | Speaitit

Gray scale sonography 85.7 100.0 100.0 96.2 96.9
Tsukuba Score 17.4 100.0 100.0 81.2 81.9
ECI (cut off 2.8) 59.3 89.2 64.0 87.1 81.8

The sensitivity, specificity, accuracy, and negative
and positive predictive values of B-mode, Tsukuba
score, and ECI, are shown in Table 3. A significant
correlation with a P value less than 0.001 was
found between the Tsukuba score and sonography,
ECI and Tsukuba score, and sonography and ECI
using Mann Whitney and Independent t-tests.

DISCUSSION

Grey-scale sonography is known to have a high
sensitivity but low specificity varying from 40-
83% leading to higher false positives.!'®!11213
Various  qualitative and  semiquantitative
elastography techniques like Tsukuba score, strain
ratio, ECI, and Elasticity Index (EI)/B-mode size
ratio have shown reasonable diagnostic accuracy
in differentiating benign and malignant breast
masses.'*!*> Our study aimed to evaluate the role of
sonoelastography in differentiating benign from
malignant breast lesions and compare the Tsukuba
score, a qualitative elastography technique with
ECI, a quantitative one.

In our study, all masses deemed malignant on
sonography were confirmed so on histopathology,
while three of the 79 benign-looking and six of

the 13 indeterminate masses were malignant on
histopathology, mostly being invasive carcinoma.
The sensitivity, specificity, and diagnostic
accuracy of sonography were 85.7, 100 and
96.9%, respectively. Our study compares well with
others, values being higher than that determined
in a study including 1203 patients in 2004 by
Chen et al, where the sensitivity, specificity, and
diagnostic accuracy values were 79.3, 89.3, and
86% respectively, and that by Evan et al including
175 patients, where the values were 95, 69 and
86% respectively.'!

In our study, 101 (91.9%) cases were benign on
Tsukuba score of which 82 were confirmed to
be so on tissue diagnosis while 19 cases were
malignant. All 4 (3.6%) lesions malignant as per
Tsukuba score were confirmed as malignancy on
histopathological. On comparing our Tsukuba
score findings with other studies, we found that
our sensitivity (17.4%) was low, with very high
specificity (100%). However, the diagnostic
accuracy is similari.e., 81.9% in ours and 82.2% in
a study done by Anil et al, including 90 patients.'
A comparison of the values in different studies
including ours is shown in Table 4.

Table 4: Comparison of Tsukuba color score with other studies

Current study 110 17.4 100.0 100.0 81.2 81.9
Mohamed A Maaly et al”® 30 69 86 85 71

MAE Dawood et al*° 40 93.7 70

Anil Kumar et al'® 90 95.6 68.1 75.8 937 822
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ECI is a quantitative parameter based on strain
elastography.  Strain  elastography requires
compression which may be from exogenous
palpation or endogenous like carotid artery
pulsations.® The latter is used for obtaining ECI
value for thyroid masses, and its use in breast
masses has not been evaluated, with only one
study regarding this application.” Higher ECI
values suggest stiffer masses, thus increasing
the likelihood of malignancy.?! The ECI cut-off
value was obtained to be 2.8 in our study with
a sensitivity of 59.3%, specificity of 89.2%, and
accuracy of 81.8%. In this study, the sensitivity of
the Tsukuba score was low compared to grayscale
USG, however, the specificity and PPV of both
were 100 %.

In our study, both the elastography techniques
showed a statistically significant correlation with
each other and sonography. Sensitivity, specificity,
PPV, and NPV of grayscale USG are highest as
compared to ECI and Tsukuba. There was a good
linear relationship between the Tsukuba color score
and ECI values when correlated to histopathology
findings. The sensitivity of ECI (59.3%) is
significantly higher as compared to the Tsukuba
color score (17.4%) with relatively less specificity
and PPV. This supports the importance and utility
of adding qualitative and/or quantitative strain
elastography techniques to grayscale sonography.
It also correlates with other similar studies which
suggest that adding elastography in breast lesions
can increase its specificity to 85-90 %.

Indeterminate solid masses with Tsukuba color
score pattern 1 or 2 and with ECI Index < 2.8 may
not need biopsy in favor of follow-up. Cases with
Tsukuba color score patterns 3, 4, and 5 and ECI
Score of >2.8 should be considered to increase the
index of suspicion for malignancy, and hence such
masses should be subjected to tissue diagnosis.

Our study suggests that Tsukuba color score
pattern and ECI can be easily added to routine
breast USG scans to facilitate evaluation of
solid masses and categorize them avoiding
unnecessary tissue diagnosis when elastography
suggests benign features in an otherwise low
suspicion indeterminate mass. Variability in
compression which is subjective, is a limiting
factor for elastography and can lead to inter
and intra-observer differences. Masses which
are posterior in location and large may also be
difficult to evaluate with elastography. The major

limitation of our study is the limited sample
size. Elastography application is not commonly
available in sonography units which may limit its
widespread use.

CONCLUSION

B mode sonography had the highest accuracy
for differentiating benign from malignant breast
solid lesions compared to the Tsukuba score and
ECI, which had similar diagnostic accuracies. We
conclude that ECI can be used for breast masses
using a cut-off of 2.8 to differentiate benign from
malignant.
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