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Abstract

Background: The computer-aided diagnosis (CAD) has been applied in multiple studies conducted recently in order to perform
ultrasound (US) of the breast. There are several studies that have indicated that CAD is useful for improving the diagnostic perfor-
mance in less experienced radiologists. However, there is no study on several readers analyzing the same lesions using a breast
phantom and rare reliability studies.
Objectives: To investigate the reliability of different readers using computer aided diagnosis (CAD) system in US for determining
identical lesions in a breast phantom.
Patients and Methods: From March 2016 to February 2017, six readers (three senior and three junior residents in the department
of radiology) evaluated and analyzed breast phantom including 14 lesions. At the first line study, three senior residents (3rd grade
with more than one month of training for breast ultrasound [US]) and three junior residents (1st grade without breast US training)
evaluated and analyzed the US and applied CAD for lesions in breast phantom, and they were able to make final decisions by sub-
jective combination. A month later, they conducted the second line study as they did the first line study. We analyzed the inter- and
intra-reader reliability and accuracy of US, CAD, and combinations (subjective, conjunctive, and disjunctive).
Results: In the total of first and second line studies of six readers, the kappa value of US (0.609) was significantly higher than CAD
(0.411). In the subjective combined conclusion, the kappa value was improved by the junior group. In the whole inter- and intra-
reader analysis, the kappa values of final assessment of the senior and junior group were more variable on CAD than on US, especially
in the junior group, and this result was statistically significant. The area under the curve (AUC) of US, CAD, subjective, conjunctive,
and disjunctive combination in seniors were all better than those of juniors. In all groups, the AUCs, sensitivities, and specificities
were improved on conjunctive combined US with CAD.
Conclusion: The combination US with CAD improved the reliability and diagnostic performance. The CAD results of the junior
group were variable and inconsistent. Therefore, minimum training and experience for breast US is indispensable for the better use
of breast CAD, and, combination US with CAD is useful for all readers.
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1. Background

Breast cancer is a leading cause of mortality in women
and its incidence continues to increase (1-3). It is known
that early detection of breast cancer is important to re-
duce the mortality rate. Ultrasound (US) is an important
diagnostic tool that is widely used for breast cancer screen-
ing. It has the advantages of being non-invasive and non-
radioactive (2). In addition, it can also be used to detect le-
sions in dense breast (3, 4).

The main pitfall of breast US is inter-and intra-reader

variability in breast cancer detection and diagnosis (5).
Many recent researches have used computer-aided di-

agnosis (CAD) with breast US in order to improve the diag-
nostic performance (4, 6-8). In breast US, CAD plays a role in
interpreting lesions that are found by the examiner, rather
than detecting lesions.

S-detect™ is a recently developed breast cancer CAD
system that is useful for differentiation between malig-
nant and benign breast masses through the morpholog-
ical analysis based on the American College of Radiology
breast imaging reporting and data system (ACR BI-RADS)
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(5, 9). The S-detect™ adopted a deep learning algorithm
in the processes of lesion segmentation. The S-detect™ for
breast module utilizes large data sets collected from nu-
merous breast examination cases and provides the char-
acteristics of displayed lesion as well as a suggestion as to
whether a selected lesion is benign or malignant.

Several studies have been conducted in order to im-
prove diagnostic performance in breast US using Breast US
CAD system (5, 6, 9), and there are also studies indicating
that S-detect™ is useful for improving diagnostic perfor-
mance in less experienced radiologists (9). However, there
have been no studies on several readers analyzing the same
lesion, because almost all studies have been conducted
on actual patients. In our study, we used breast phantom
which enables multi-reader analysis for the same lesion.

2. Objectives

This study aims to identify the merits of the CAD system
in the breast US reading by breast senior residents and ju-
nior residents, and the aim of this research is to evaluate
the reliability of the CAD system for US using breast phan-
tom with multi-reader analysis for identical lesions.

3. Patients and Methods

3.1. Breast Phantom

This study was approved by the Institutional Review
Board. Informed consent using phantom was waived.

We used breast US examination phantom “Breast FAN”
(Kyoto Kagaku Co. Ltd., Kyoto, Japan). Commercial ‘Breast
Ultrasound Examination Phantom’ has lesions that rep-
resent a variety of benign and malignant lesions (Figure
1A). It has the same anatomy as the normal breast US and
the lesions are embedded in it. However, because of the
fact that the original breast phantom only contains a few
lesions, we customized our own breast phantom (Cus-
tomized Breast Ultrasound Examination Phantom) for the
study which has 14 lesions: five suspicious lesions, six be-
nign lesions, and three axillary lymph nodes. We sent
breast US pictures of typical benign and malignant lesions
with specific sizes and depths to the manufacturer and
asked them to reproduce these exact lesions (Figure 1B).

3.2. Breast US and CAD System

We used an US machine (Samsung Ultrasound RS80A,
Samsung Medison Co. Ltd., Seoul, Korea), which makes it
possible in conjunction with breast grayscale US and the
new technology of CAD (S-detect™).

When the reader identified the center of the breast le-
sion and touched the screen, the region of interest (ROI)

was automatically drawn along the lesion boundary. Sev-
eral drawn borders along the lesion boundary appeared
on the screen, and the reader selected the most appropri-
ate border of the lesion. In this system, the US features of
the lesion based on the ACR BI-RADS lexicon for US (Shape,
orientation, margin, posterior features, echo pattern, cal-
cifications, and associated features) as well as the final
assessment classifications were simultaneously analyzed
and displayed. In this CAD system (S-detect™), the final as-
sessment was classified as “possibly benign” or “possibly
malignant” (Figure 2A and B).

3.3. Analysis by Radiologists

From March 2016 to February 2017, six readers (three
senior and three junior residents in the radiology depart-
ment) evaluated and analyzed breast phantom including
14 lesions.

At the first line of study, three senior residents (third
grade with more than one month of training for breast
US) and three junior residents (first grade without breast
US training) evaluated and analyzed the US and applied
CAD for lesions in breast phantom and they were able to
make final decisions by subjective combination. The ju-
nior group did not have experience with breast US for
phantom or patient, but for this study, two hours of lec-
tures were given to the junior group regarding breast US
and US BI-RADS.

Each reader evaluated all 14 lesions of breast phantom.
They first detected the breast phantom lesion by US. US
characteristics of the lesion morphology were defined ac-
cording to ACR US BI-RADS lexicon and final assessment
classification. For statistical analysis, we divided this fi-
nal assessment into a dichotomized form, and the cut-
off was C4 (C2, 3 [benign] vs. C4, 5 [malignancy]). They
then simultaneously applied the CAD for the same lesion
in breast phantom. When the reader identified the lesion
and touched the center of the lesion in the monitor, a ROI
was drawn along the border of the mass either automati-
cally by the CAD program. Several drawn borders were pre-
sented on the screen, and the reader selected the most ap-
propriate one. BI-RADS lexicon and final assessment classi-
fications were automatically analyzed and displayed by the
CAD system. They then made a diagnostic decision subjec-
tively based on US with CAD.

A month later, they did the second line study as they
did the first line study. Later analysis includes the conjunc-
tive and disjunctive combination (Figure 2C).

3.4. Statistical Analyses

We analyzed the inter- and intra-reader reliability and
diagnostic performance of breast US, CAD, and combina-
tions between junior and senior residents.
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Figure 1. Diagram of breast ultrasound examination phantom. A, Commercial breast ultrasound examination phantom. B, Customized breast ultrasound examination
phantom including five suspicious lesions (two malignant tumors, a malignant tumor with calcifications, a ductectasia with intraductal mass, and malignant lymph node),
six benign lesions (three cysts, two benign tumors, and a benign tumor with calcifications), and three normal or benign lymph nodes.

In this study, the inter-reader reliability was for com-
parison of the final assessment in CAD of senior or junior
to gold standard. The intra-reader reliability was for com-
parison between the primary and secondary assessments.
The reliability was analyzed using kappa statistics (Cohen’s
kappa). The kappa value indicates the degree of accidental
exceedance. A real number from 0 to 1; a high value indi-
cates a high level of agreement. The level of consent for Co-
hen’s kappa is generally defined as: A value of kappa value
= 1.0 corresponds to complete agreement, ≤ 0.20 as poor,
0.21 - 0.40 as fair, 0.41 - 0.60 as moderate, 0.61 - 0.80 as good,
and > 0.80 as excellent agreement.

We also evaluated the diagnostic performance of US,
CAD, and US with CAD between junior and senior residents.
The gold standard of lesions in breast phantom was de-
fined by consensus of two dedicated breast radiologists,
because phantom lesions cannot be pathologically con-
firmed. Since there may be a discordance of judgment on
the lesion of the breast phantom we actually designed, two
dedicated breast radiologists reaffirmed to reduce the dis-
cordance.

A receiver operating characteristic (ROC) curve for each
reader was obtained for overall diagnostic performance
evaluation. We analyzed the area under the curve (AUC),
sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV).

We analyzed the results of combination of US with CAD
(subjective, conjunctive, and disjunctive combinations).
The proper combined decision was chosen subjectively
based on the US with CAD results, which was defined as the
subjective combination. Readers subjectively chose based

on the US (totally a task related to their personal knowl-
edge and experience) with CAD results. In a conjunctive
combination, “not suspicious” finding on both US (cate-
gory 3) and CAD (possibly benign) was defined as negative,
while “suspicious” finding on either the US (category 4 or
above) or CAD (possibly malignant) was defined as posi-
tive. In a disjunctive combination, “not suspicious” finding
on either US or CAD was defined as negative, while “suspi-
cious” finding on both US and CAD was defined as positive.

Comparison of AUC was performed by Dejong method.
For sensitivity, specificity, PPV, and NPV comparison, Chi-
square exact test was used.

Statistical analyses were performed by SAS version 9.3
(Cary, NC, USA) and P value below 0.05 was considered sta-
tistically significant.

4. Results

4.1. Inter- and Intra-Reader Reliability Test

The results or inter-reader and intra-reader reliability
test for the six readers are represented in Table 1. In Ta-
ble 1, the meaning of P value in inter-reader is the result of
comparison of senior or junior to gold standard, and the
meaning of P value in intra-reader is the result of compar-
ison between the primary and secondary assessments. In
the total of first and second line studies of six readers, the
kappa value of US (κ= 0.609) was significantly higher than
CAD (κ= 0.441). In the subjective combined conclusion, the
kappa value was improved on junior group (κ = 0.557 to
0.625). The kappa values of final decision on senior and ju-
nior group were more variable on CAD than US. Especially,
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Figure 2. Computer aided diagnosis (CAD) system and flow chart of analysis process of this study. A and B, These figures depict how a breast lesion was classified automatically
using the S-detect™ program and how a final assessment was produced. Several drawn borders were presented on the screen, and the reader selected the most appropriate
border of the lesion. C, This flow chart shows the analysis process of this study.

in the junior group, kappa value of the first line study of
the CAD was 0.694, and that of second line study was 0.278,
indicating greater inconsistency of CAD than US, and this
result was statistically significant.

The inter-reader and intra-reader reliability for the six
readers of each baseline BI-RADS lexicon are represented in
Table 2. When analyzing each lexicon, the kappa value of
shape, orientation, and margin on US (κ = 0.376, 0.617, and
0.769, respectively) were significantly higher than those on
CAD (κ = 0.238, 0.461, 0.562, respectively (P ≤ 0.001). The
kappa value of echogenicity on CAD (κ = 0.709) was higher
only than that of US (κ = 0.632).

4.2. Diagnostic Performance

Table 3 shows diagnostic performance of US, CAD, and
each combination when the gold standard was specified as

a reference. The gold standard of lesions in breast phan-
tom is defined by consensus of two dedicated breast radiol-
ogists, because phantom lesions cannot be pathologically
confirmed. P value was provided between the senior and
junior groups.

The AUC of gray scale US, CAD, subjective, conjunc-
tive, and disjunctive combination in seniors (0.779, 0.808,
0.769, 0.917 and 0.778, respectively) were all better than
those of juniors (0.756, 0.766, 0.769, 0.882, and 0.672, re-
spectively).

In both junior and senior groups, the specificities were
higher on CAD (0.997 and 0.976) than those on US (0.882
and 0.792). In the junior group, the AUC and sensitivity
were slightly improved on subjective combined US with
CAD. The sample size was too small to show the significant
difference of diagnostic performances between senior and
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Table 1. Reliability Test of Final Assessment Based on Modalities and Readers’ Experiencesa

Inter-reader reliability

Total (1st + 2nd line) 1st line study 2nd line study

Senior + Junior Senior Junior P value Senior Junior P value Senior Junior P value

Ultrasound 0.609 0.652 0.557 0.279 0.633 0.505 0.308 0.667 0.591 0.537

CAD 0.441 0.425 0.462 0.667 0.318 0.694 0.003 0.518 0.278 0.042

Combinationb 0.603 0.594 0.625 0.718 0.515 0.694 0.154 0.667 0.567 0.397

Intra-reader reliability

Total (Senior + Junior) Senior Junior

1st line 2nd line P value 1st line 2nd line P value 1st line 2nd line P value

Ultrasound 0.575 0.639 0.279 0.633 0.667 0.782 0.505 0.591 0.493

CAD 0.430 0.449 0.738 0.318 0.518 0.104 0.694 0.278 0.001

Combination 0.591 0.608 0.764 0.515 0.667 0.217 0.694 0.567 0.292

Abbreviation: CAD, computer aided diagnosis
aP value meaning: (1) inter-reader: comparison senior or junior to gold standard. (2) Intra-reader: comparison between the primary and secondary assessments.
bCombination: subjective combination result.

junior groups.
In total, the AUC (0.882 and 0.770, P value = 0.009) and

specificity (0.987 and 0.838, P value = 0.001) were signif-
icantly improved on conjunctive combined US with CAD
than US only.

5. Discussion

The CAD system is used to assist radiologists in breast
mass discrimination. There have been many studies on the
CAD system investigating the benefit of its output for radi-
ologist diagnosis. Some studies have shown that CAD en-
hances the diagnostic performance of radiologists (4, 5, 9-
13).

S-detect™ is a recently developed breast cancer CAD sys-
tem using deep-learning algorithm with big data which
providing assistance in morphological analysis by the ACR
BI-RADS (4, 5, 9-12). Several studies have reported that S-
detect™ could enhance the diagnostic performance of ra-
diologists (5, 6, 9-12, 14). In addition, several studies have
published that S-detect™ is a useful diagnostic tool that
could be clinically used to enhance the specificity, PPV, and
accuracy of breast US, regardless of the degree or radiol-
ogist’s experience (9, 12). However, it is known that com-
bining CAD with breast US is more useful than CAD alone
(9, 10). Our study aimed to determine the merits of the
CAD system in breast US reading using breast phantom. In
one previous study, five readers including residents retro-
spectively reviewed the CAD images and gave their assess-
ments; inter-rater agreement was measured with Cohen’s
kappa value (11). The conclusion of that study was that S-
detect™ is a feasible tool for characterization of breast le-

sions; it has a potential as a teaching tool for the less ex-
perienced operators. However, in that study, the residents
only reviewed and assessed images taken by a radiologist
with 32 years of experience in breast imaging (11). In our
study, we used breast phantom, not real patients. This is
the greatest strength of our research. Junior residents who
are trained for 2 hours can not perform ultrasound on real
patients. We would like to demonstrate that breast phan-
tom enables breast ultrasound education and training for
starters.

First, we studied the reliability of CAD system for breast
US. We used breast phantom, which enables multi-reader
analysis for the same lesion. There have been several pa-
pers discussing breast phantom as a tool for breast US
training (15-18), but this is the first study to directly apply
breast phantom for reliability studies for breast CAD sys-
tem. In our conclusion, there was better agreement of lex-
icons and final assessment in US than in CAD. The kappa
values of the final decision on senior and junior groups
were more variable on CAD than US, especially, in the ju-
nior group, there was greater inconsistency of CAD than
US. Similar to the breast US, the inter- and intra-readers
variability exists in CAD. In one previous study, moderate
agreement (κ = 0.58) was seen in the final assessment be-
tween the CAD and dedicated breast radiologist (5). The
kappa value (κ = 0.44) between residents’ CAD result and
dedicated breast radiologists in our study was lower than
that (κ = 0.58) of the previous study. In order for CAD to
be used properly as a dedicated breast radiologist, radi-
ologists must get a proper US shot and then apply CAD.
In our study, the CAD results for the junior group (begin-
ner or starter) varied and were inconsistent. The kappa
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Table 2. Reliability Test of Baseline Lexicons Based on Modalities and Readers’ Experiences

Inter-reader reliability

Total (1st + 2nd line) 1st line study 2nd line study

Senior + junior Senior Junior P value Senior Junior P value Senior Junior P value

Ultrasound

Shape 0.376 0.596 0.147 < 0.001 0.764 0.185 < 0.001 0.468 (-)0.065 < 0.001

Orientation 0.617 0.659 0.533 0.151 0.857 0.619 0.058 0.303 0.426 0.318

Margin 0.769 0.824 0.607 0.013 0.879 0.570 0.014 0.771 0.628 0.245

Echo pattern 0.632 0.303 0.878 < 0.001 0.144 1.000 < 0.001 0.444 0.757 0.011

Posterior shadowing 0.158 0.138 (-)0.015 0.081 0.147 (-)0.031 0.156 (-)0.029 0.000 0.814

CAD

Shape 0.238 0.346 0.419 0.395 0.139 0.593 < 0.001 0.556 0.164 0.001

Orientation 0.461 0.430 0.437 0.935 0.455 0.389 0.599 0.303 0.478 0.138

Margin 0.562 0.477 0.600 0.152 0.393 0.492 0.430 0.550 0.687 0.246

Echo pattern 0.709 0.592 0.776 0.032 0.389 0.636 0.049 0.777 0.894 0.321

Posterior shadowing 0.095 0.087 (-)0.029 0.177 0.147 (-)0.065 0.091 (-)0.059 0.000 0.617

Intra-reader reliability

Total (senior + junior) Senior Junior

1st line 2nd line P value 1st line 2nd line P value 1st line 2nd line P value

Ultrasound

Shape 0.488 0.242 < 0.001 0.764 0.468 0.016 0.185 (-)0.065 0.047

Orientation 0.732 0.441 < 0.001 0.857 0.303 < 0.001 0.619 0.426 0.124

Margin 0.712 0.825 0.056 0.879 0.771 0.380 0.570 0.628 0.644

Echo pattern 0.593 0.666 0.217 0.144 0.444 0.015 1.000 0.757 0.053

Posterior shadowing 0.171 (-)0.017 0.002 0.147 (-)0.029 0.153 (-)0.031 0.000 0.805

CAD

Shape 0.236 0.230 0.916 0.139 0.556 0.001 0.593 0.164 < 0.001

Orientation 0.425 0.480 0.332 0.455 0.303 0.217 0.389 0.478 0.461

Margin 0.506 0.608 0.072 0.393 0.550 0.202 0.492 0.687 0.106

Echo pattern 0.583 0.811 < 0.001 0.389 0.777 0.002 0.636 0.894 0.032

Posterior shadowing 0.111 (-)0.029 0.014 0.147 (-)0.059 0.094 (-)0.065 0.000 0.590

Abbreviation: CAD, computer aided diagnosis

value of CAD was lower than that of the US. The statistical
value was limited because of the small number of lesions
in the breast phantom. However, the variability and incon-
sistency of the junior group were difficult to ignore. There-
fore, we suggest that minimum training and experience
for breast US is indispensable for better use of breast CAD.

In the subjective combined conclusion, the kappa
value was improved in the junior group. When analyzing
each lexicon, the kappa value of shape, orientation, and
margin on US were significantly higher than those on CAD.
The kappa value of echogenicity on CAD was higher only

than that of US. So, we found that combining with breast
US could improve the reliability in this study.

We also evaluated the diagnostic performance of the
CAD system with breast US, by the junior and senior read-
ers. The AUC was higher in CAD than US, while conjunc-
tive combination result was the best. In addition, the diag-
nostic performance of CAD in the senior group was better
than that of the junior group similar to US. We also found
that combining CAD system with breast US could improve
the diagnostic performance in this study. In one previous
study, AUC improved for both the experienced and inexpe-

6 Iran J Radiol. 2019; 16(4):e86898.

http://iranjradiol.com


Choi N et al.

Table 3. Diagnostic Performance of US, CAD, and Combinations

AUC Sensitivity Specificity PPV NPV

Ultrasound

Total 0.770 0.702 0.838 0.714 0.830

Junior 0.756 0.630 0.882 0.739 0.818

Senior 0.779 0.767 0.792 0.697 0.844

P value 0.780 0.385 0.279 0.773 0.794

CAD

Total 0.787 0.597 0.977 0.956 0.743

Junior 0.766 0.556 0.977 0.952 0.729

Senior 0.808 0.639 0.976 0.958 0.759

P value 0.581 0.631 > 0.999 > 0.999 0.830

Subjective combination

Total 0.770 0.712 0.828 0.712 0.828

Junior 0.769 0.655 0.882 0.760 0.818

Senior 0.769 0.767 0.771 0.677 0.841

P value > 0.999 0.399 0.185 0.568 0.796

Conjunctive combination

Total 0.882 0.778 0.987 0.984 0.804

Junior 0.846 0.718 0.974 0.966 0.776

Senior 0.917 0.833 1.000 1.000 0.837

P value 0.203 0.286 > 0.999 0.453 0.600

Disjunctive combination

Total 0.726 0.553 0.899 0.703 0.824

Junior 0.672 0.435 0.909 0.667 0.794

Senior 0.778 0.667 0.889 0.727 0.857

P value 0.256 0.147 0.761 0.728 0.472

Abbreviations: AUC, area under the curve; CAD, computer aided diagnosis; NPV, negative predictive value; PPV, positive predictive value; US, ultrasound

rienced readers (0.84 to 0.86 and 0.73 to 0.80) after the ad-
dition of CAD (9). In our study, AUC improved for both se-
nior and junior resident groups (0.779 to 0.917 and 0.756
to 0.846) after conjunctive combination. In another study,
CAD was a useful additional diagnostic tool for breast US
in all radiologists, with benefits differing depending on
the radiologist’s level of experience. Compared with the
experienced radiologists, the less experienced radiologists
had significantly improved NPV (0.867 to 0.94 and 0.533 to
0.762) and AUC (0.823 to 0.839 and 0.623 to 0.759) with CAD
assistance. In contrast, experienced radiologists had sig-
nificantly improved specificity (0.525 to 0.542 and 0.661 to
0.661) and PPV (0.556 to 0.585 and 0.649 to 0.649) with CAD
assistance. Interobserver variability of US features and fi-
nal assessment by categories were significantly improved
and moderate agreement was seen in the final assessment

after CAD combination regardless of the radiologist’s ex-
perience (10). In our study, combination of US with CAD
improved the reliability and diagnostic performance, espe-
cially in the junior group.

There are limitations in our study. First, the data used
in this study were derived from too few lesions (n = 14). The
sample volume is very low which could decrease the accu-
racy of the study. This is probably the major cause of why
data from our study did not yield statistically significant
results. Specifically, the sample size is too small to show
the significant difference of diagnostic performances be-
tween senior and junior groups. Since our study was based
on breast phantom, the small number of lesions was in-
evitable. However, using breast phantom has several ad-
vantages. It can result in more reproducible results, it is
objective, and studies can be repeated many times. In the
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future, various studies, especially the reliability test could
be applied using various phantoms. Second, in our study,
the CAD system did not analyze calcification because the
number of lesions including calcification in our phantom
was insufficient for reliability analysis. For the same rea-
son, associated features such as duct change were not an-
alyzed in detail. Third, since our study was a study using
breast phantom, pathologic confirmation was not possible
and the gold standard was reaffirmed by dedicated breast
radiologists. Therefore, there is a limit in deriving the di-
agnostic performance from this. Finally, when the reader
selected the representative image, which could be differed
in CAD depends on the readers. When the reader identi-
fied the lesion and touched the center of the lesion in the
monitor, a ROI was drawn along the border of the mass ei-
ther automatically by the CAD program. Several drawn bor-
ders were presented on the screen, and the reader selected
the most appropriate one. BI-RADS lexicon and final assess-
ment classifications were automatically analyzed and dis-
played by the CAD system. However, the readers selected
the representative US image, touched the center of the le-
sion, and selected the most appropriate CAD image. Any
change in any of these steps could make a different effect
on CAD result based on the readers.

In conclusion, the combination of US with CAD im-
proved the reliability and diagnostic performance, espe-
cially in the junior group. As mentioned earlier, several
studies have shown that CAD is useful for inexperienced
radiologists. However, in our study, the junior group ac-
tually meant beginners, and the CAD results of the junior
group (beginner or starter) were variable and inconsistent.
Therefore, minimum training and experience for breast US
is indispensable for the better use of breast CAD, and com-
bination of US with CAD is useful for all readers.
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