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Abstract 

Purpose The purpose of this study was to evaluate the usefulness of a 

computer-aided diagnosis (CAD) scheme for improving the performance 

of clinicians to diagnose non-mass lesions appearing as hypoechoic areas 

on breast ultrasonographic images. 

Methods The database included 97 ultrasonographic images with 

hypoechoic areas：48 benign cases [benign lesion with benign mammary 

tissue or fibrocystic disease (n=20), fibroadenoma (n=11) and intraductal 

papilloma (n=17)] and 49 malignant cases [ductal carcinoma in situ 

(n=17) and invasive ductal carcinoma (n=32)]. Seven clinicians, three 

expert breast surgeons, and four general surgeons participated in the 

observer study. They were asked their confidence level concerning the 

possibility of malignancy in all 97 cases with and without the use of the 

CAD scheme. Receiver operating characteristic (ROC) analysis was 

performed to evaluate the usefulness of the CAD scheme.  

Results The areas under the ROC curve (AUC) improved for all observers 

when they used the CAD scheme and increased from 0.649 to 0.783 (P 

=0.0167). Notably, the AUC for the general surgeon group increased from 

0.625 to 0.793(P=0.045). 

Conclusions This study showed that the performance of clinicians to 

diagnose of non-mass lesions appearing as hypoechoic areas on breast 

ultrasonographic images was improved by the use of a CAD scheme. 

 

Keywords: computer-aided diagnosis・breast ultrasonography・breast 

non-mass lesions 
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Introduction 

Breast ultrasonography is thought to be more useful than 

mammography for detecting small breast masses in dense breasts [1]. The 

combined approach of screening with ultrasonography and 

mammography is significantly more effective than mammography alone 

in the detection of small breast cancer in women with dense breast tissue 

[2]. Thus the introduction of ultrasonography to breast cancer screening 

would allow for the earlier detection and diagnosis of breast cancer and 

would decrease the level of associated mortality. However, the accuracy 

of detection and the diagnosis of lesions on breast ultrasonographic 

images depend on the skill and experience of the operator. Although the 

sensitivity would be improved by introducing breast ultrasonography to 

cancer screening, a high false-positive rate might result in an increase in 

the number of unnecessary detailed examinations (e.g., pathologic 

examinations such as fine-needle aspiration cytology, core needle biopsy 

and vacuum-assisted biopsy) [2, 3]. 

Computer-aided diagnosis (CAD) schemes can potentially make a 

differential diagnosis more accurate and less dependent on the skill of the 

observer. CAD schemes allow clinicians to refer to the results of a 

computer-based analysis in the differential diagnosis of unknown images 

[4]. CAD schemes has been shown to be useful for improving diagnostic 

accuracy in various image modalities. Nakayama et al. showed that a 

CAD scheme to histologically classify breast lesions improved the 

performance of radiologists in the differential diagnosis of clustered 

microcalcifications on mammograms [5]. Its efficacy has also been 

demonstrated in breast ultrasonography. Ying et al. showed that the 

performance of clinicians in the differential diagnosis of masses on breast 

ultrasonography was significantly improved when they could view the 

likelihood of different malignancies that had been determined by a CAD 

scheme [6]. Clinicians usually take the histological classification of a 

lesion into account in their differential diagnosis of lesions on breast 

ultrasonographic images. Kashikura et al. demonstrated that presenting 

the likelihood of a histological classification, as determined by a CAD 

scheme, improved the performance of clinicians in the differential 

diagnosis of breast masses detected by breast ultrasonography [7]. 

Breast ultrasonographic images often show both masses that are 

defined as solid lesions, which have an evaluable shape, margin and size, 

and non-mass lesions, which are difficult to identify as masses and in 
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which the shape and margin are indistinct. It is more difficult to 

differentially diagnose non-mass lesions than mass lesions due to their 

indistinct shape and margin. Non-mass lesions appear as lesions that are 

mostly identified based on abnormalities of the ducts, hypoechoic areas in 

the mammary gland, architectural distortion, multiple small cysts, or 

echogenic foci without a hypoechoic area. Among these, hypoechoic 

areas in the mammary gland are most commonly encountered in clinical 

practice. In the present study, we investigated whether presenting the 

likelihood of the different histological classifications determined by a 

CAD scheme would improve the performance of clinicians in the 

differential diagnosis of non-mass lesions appearing as hypoechoic areas 

in the mammary gland on breast ultrasonographic images. 
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Materials and methods 

Case selection 

The database included 97 breast ultrasonographic images of non-mass 

lesions appearing as hypoechoic areas in the mammary gland, including 

48 benign cases and 49 malignant cases. All of the cases were considered 

to correspond to the five histological classifications that are often 

encountered in clinical practice and which are sometimes considered to 

be non-mass lesions appearing as hypoechoic areas in the mammary gland. 

The classifications of the 48 benign cases were as follows: benign lesion 

with benign mammary tissue or fibrocystic disease (n=20), fibroadenoma 

(n=11), and intraductal papilloma (n=17). The classifications of the 49 

malignant cases were as follows: ductal carcinoma in situ (n=17) and 

invasive ductal carcinoma (n=32). The images were acquired at Mie 

University Hospital in 2013-2014 using an ultrasound diagnostic system 

(APLIO XG SSA-790A, Toshiba Medical Systems Corp.). We selected 

images with hypoechoic areas in the mammary gland that were difficult 

to identify as masses. These hypoechoic areas were defined by the 

clinicians who usually engage in the diagnosis of the breast 

ultrasonographic images and who did not participate in this observer study. 

All of the diagnoses were pathologically confirmed by core needle 

biopsy, vacuum-assisted biopsy, or excisional biopsy after the initial 

diagnosis by breast ultrasonography. Each of the benign cases selected 

had been reexamined at 6 -12 months after the initial diagnosis, at which 

time it was confirmed that the ultrasonographic images had not changed. 

Images that were captured after vacuum assisted biopsy or excisional 

biopsy, or after the administration of medication, were excluded due to the 

possible influence of the examinations or therapies. 

 

CAD scheme 

In the present study, the rectangular region of interest (ROI), which 

included an entire non-mass, was selected manually in ultrasonographic 

images, as shown in Fig.1a. The non-mass was automatically segmented 

with a level set method based on an active contour model that used the 

ROI as the initial contour of the non-mass region, as shown in Fig.1b. 

In our previous study [8, 9], we selected nine objective features that 

could be used to histologically classify masses by taking into account the 

differences in the features on the ultrasonographic images of the different 

histological classifications. We then showed the statistical significance of 
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the identification of the histological classification using these objective 

features. Thus, in the present study, we used the same objective features 

as those used in our previous study. These objective features were (1) the 

depth-width ratio, (2) the degree of indistinctness along the margin, (3) 

the homogeneity in the internal echoes, (4) the echo level of the internal 

echoes, (5) the echo level of the posterior echoes, (6) the circularity 

measure of the non-mass shape, (7) the polygon measure the non-mass 

shape, (8) the lobulated shape measure of the non-mass shape, and (9) the 

irregularity measure of the non-mass shape. 

A classifier based on a k-nearest neighbor (k-NN) algorithm that 

included the nine objective features was employed to distinguish five 

different histological classifications of non-mass lesions. In the k-NN 

algorithm, a test case was classified by a majority vote of the histological 

classifications of its k neighbors in the feature space. A leave-one-out-by-

patient test method was employed for the training and testing of the 

classifier. In this method, the training was carried out for all but one case 

from the database; the case that was not used for training was used for the 

testing of the trained classifier. This procedure was repeated until every 

patient case in our database had been used once. 

 

Observer study 

To evaluate the usefulness of the CAD scheme [8, 9], we conducted an 

observer study using 97 ultrasonographic images that included non-mass 

lesions appearing as hypoechoic areas in the mammary gland. Seven 

clinicians participated in the observer study, including three experienced 

breast surgeons who each had more than 5 years of experience in the 

diagnosis of breast images in a university hospital (Expert group) and four 

general surgeons who had 3-21 years of experience and who sometimes 

diagnosed breast images in a local hospital (General group).  

In the observer study, an image was first displayed on a monitor without 

the CAD results. The observers were asked to indicate their confidence 

level with regard to the possibility of malignancy using a continuous 

rating scale of 0-1, where 0 was “definitely benign” and 1 was “definitely 

malignant”. After indicating their confidence level without viewing the 

CAD results, the observer could view the CAD results, which displayed 

the likelihood of the five histological classifications as a bar graph. The 

observers referred to the CAD results and indicated their confidence level 

again. In this manner, the observers indicated their confidence levels for 
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all 97 cases. 

We informed the observers that the purpose of this study was to 

evaluate whether the accuracy of the differential diagnosis of non-mass 

lesions appearing as hypoechoic areas in the mammary gland on breast 

ultrasonography could be improved by presenting the likelihood of the 

different histological classifications. The observers were also informed 

that there was no time limit for this study. We did not inform the observers 

of the details about the differential diagnosis ability of the CAD scheme, 

such as the sensitivity or the specificity levels in the diagnosis of the 

benign and malignant cases, or the accuracy levels of the histological 

classifications. Furthermore, we did not inform the observers about the 

number of cases that were histologically classified as benign or malignant. 

  

Statistical analysis 

We used receiver operating characteristic (ROC) analysis based on a 

sequential-test method to analyze the results of the observer study [10, 11]. 

The AUCs were obtained using the DBM MRMC software package 

(version 2.2) [12], which was developed by researchers at the University 

of Iowa and the University of Chicago. The significance of the differences 

in the AUCs of the observers with and without the use of the CAD scheme 

was tested using the Dorfman-Berbaum-Metz method [12]. P values of 

less than 0.05 were considered to indicate statistical significance. 
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Results 

The specificity and the sensitivity of the CAD scheme in the diagnosis 

of the 97 cases used in the observer study were 89.5% (43/48) and 87.8% 

(43/49), respectively. The AUC of the CAD scheme was 0.93. The 

accuracy of the histological classifications was as follows: benign lesions 

(80.0% [16/20]), fibroadenoma (81.8% [9/11]), intraductal papilloma 

(70.6% [12/17]), ductal carcinoma in situ (82.3% [14/17]), and invasive 

ductal carcinoma (84.3% [27/32]). 

Table 1 shows the average AUC for each observer, each observer group, 

and all of the observers with and without the use of the CAD scheme. In 

the general group, the AUC of Observer A increased significantly from 

0.661 without the CAD scheme to 0.942 with the CAD scheme(P < 

0.0001), while the AUC of Observer B increased slightly from 0.617 

without the CAD scheme to 0.652 with the CAD scheme(P=0.198). The 

AUCs of the observers in the expert group showed less variation than the 

AUCs of the observers in the general group. 

Figure 2 shows the average ROC curves for all of the observers in the 

diagnosis of benign and malignant non-mass lesions that appeared as 

hypoechoic areas in the mammary gland with and without the use of the 

CAD scheme. The average AUC for all observers increased from 0.649 

without the CAD scheme to 0.783 with the CAD scheme (P = 0.0167). 

The diagnostic accuracy of all observers improved when they were 

presented with the likelihood of the histological classification.  

Figure 3 shows the average ROC curves for the general group and the 

expert group with and without the use of the CAD scheme. The average 

AUCs for both groups were improved by the use of the CAD scheme. The 

average AUC of the general group increased from 0.625 without the CAD 

scheme to 0.793 with the CAD scheme (P = 0.045), with the difference 

being slightly significant. Although the average AUC of the expert group 

also increased from 0.681 without the CAD scheme to 0.769 with the 

CAD scheme (P = 0.327), the difference was not statistically significant. 

Figure 4 shows the average of the beneficial or detrimental changes in 

the confidence levels of all of the observers for each of the cases with the 

use of the CAD scheme. We assumed that the CAD scheme had a 

beneficial effect on an observer’s diagnosis when the change in the 

average confidence levels with and without the use of the CAD scheme 

was >0.1. We assumed that the use of the CAD scheme had a detrimental 

effect when the change in the average confidence levels with and without 
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the CAD scheme was <-0.1. The use of the CAD scheme was found to 

have a beneficial effect in 48 cases and a detrimental effect in five cases. 

The histological classifications in the beneficial cases were as follows: 

benign lesion (n=11), fibroadenoma (n=7), intraductal papilloma (n=8), 

ductal carcinoma in situ (n=9) and invasive ductal carcinoma (n=13). The 

histological classifications in the detrimental cases were as follows: ductal 

carcinoma in situ (n=1) and invasive ductal carcinoma (n=4).  

Table 2 shows the numbers of beneficial and detrimental cases for each 

observer, each group, and all observers. The number of beneficial cases 

was much larger than the number of detrimental cases in all observers. 

Figure 5 shows a case of ductal carcinoma in situ in which the use of 

the CAD scheme had a beneficial effect in all observers. The likelihood 

of the different histological classifications, as determined by the CAD 

scheme, was as follows: benign lesion (1%), fibroadenoma (18%), 

intraductal papilloma (2%), ductal carcinoma in situ (71%) and invasive 

ductal carcinoma (7%). With the use of the CAD scheme, the average 

confidence levels improved from 0.63 to 0.76 in the general group, from 

0.65 to 0.79 in the expert group and from 0.64 to 0.77 in all observers.  

Figure 6 shows a case of invasive ductal carcinoma in which the 

beneficial effect was most pronounced in the general group. The 

likelihood of the different histological classifications, as determined by 

the CAD scheme, was as follows: benign lesion (9%), fibroadenoma (9%), 

intraductal papilloma (8%), ductal carcinoma in situ (10%) and invasive 

ductal carcinoma (63%). With the use of the CAD scheme, the average 

confidence levels improved from 0.70 to 0.88 in the general group, 

whereas the confidence level of the expert group only showed a slight 

improvement from 0.87 to 0.93. 

Figure 7 shows a case of invasive ductal carcinoma in which CAD had 

a detrimental effect on all observers. The likelihood of the different 

histological classifications, as determined by the CAD scheme, was as 

follows: benign lesion (7%), fibroadenoma (8%), intraductal papilloma 

(76%), ductal carcinoma in situ (7%) and invasive ductal carcinoma (2%). 

This detrimental effect was caused by an incorrect evaluation by the CAD 

scheme. 
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Discussion 

In recent years, the improved resolution and image quality of 

ultrasonographic images have allowed for the increased detection of 

breast lesions of various morphologies. In clinical practice, clinicians 

encounter an increased number of lesions that are difficult to define as 

masses with apparent margins [13]. It is easy to perform whole breast 

screening for Asian women with small breasts and to observe their breast 

lesions in detail. Thus, there is a greater opportunity to identify lesions of 

various morphologies. According to the guidelines of the Japan 

Association of Breast and Thyroid Sonography [14], lesions on breast 

ultrasonography are divided into masses and non-mass lesions. A mass is 

defined as a solid lesion that is distinguishable from the surrounding tissue 

and that has an evaluable shape, margin, and size. Non-mass lesions 

appear as lesions that are difficult to identify as masses and that are mostly 

identified based on abnormalities of the ducts, hypoechoic areas in the 

mammary gland, architectural distortion, multiple small cysts or 

echogenic foci without a hypoechoic area. On the other hand, the lexicon 

of features on breast ultrasonography published by the American College 

of Radiology Breast Imaging Reporting and Data System (ACR BI-

RADS) [15] defines three types of lesions: masses, calcification and 

special cases, and does not include non-mass lesions. However, “non-

mass-like enhancement” has been added to the lexicon of breast magnetic 

resonance imaging (MRI) [16]. Sotome et al. reported that 95% of non-

mass lesions on breast ultrasonography appeared as non-mass-like 

enhancements on MRI [17]. We are therefore of the opinion that non-mass 

lesions should be added to the lexicon of ultrasonography. Benign 

mammary tissue or fibrocystic disease, fibroadenoma, intraductal 

papilloma, ductal carcinoma in situ and invasive ductal carcinoma 

sometimes appear as non-mass lesions, appearing as hypoechoic areas in 

the mammary gland on breast ultrasonography. It is more difficult to 

differentially diagnose non-mass lesions than mass lesions because their 

shape and margins are indistinct. We are of the opinion that a CAD scheme 

for non-mass lesions would be very useful for improving the diagnostic 

accuracy of breast ultrasonography.  

In the observer study, the AUCs of all observers improved when they 

were presented with the likelihood of the different histological 

classifications. The average AUC of the general group showed greater 

improvement than that of the expert group. We therefore, considered that 
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the general clinicians were more inclined to follow the CAD scheme than 

the experienced breast surgeons. Hence, the CAD scheme would be 

particularly useful for improving the diagnostic accuracy of general 

clinicians. The AUC of Observer A was higher than that of the CAD 

scheme. We considered that Observer A was able to understand the 

tendency of the CAD results and to use them well because he was the 

youngest doctor and was used to dealing with computers. The AUCs of 

the observers in the general group varied widely. The degrees of 

confidence and proficiency in the use of computers may have influenced 

their CAD performance. Although the average AUC in the expert group 

improved with the use of the CAD scheme, the difference was not 

statistically significant. The AUCs of each of the observers in the expert 

group showed less variation than the general group. Perhaps the experts 

did not accept the CAD results of the CAD scheme without questioning 

them. 

Figure 5 shows a case of ductal carcinoma in situ in which the CAD 

scheme showed a beneficial effect in all observers. All of the observers 

rated the likelihood of malignancy as slightly high or uncertain without 

the use of the CAD scheme. However, the CAD scheme clearly indicated 

that ductal carcinoma in situ was the most likely of the five histological 

classifications. The CAD results allowed the observers to confidently rate 

the likelihood of malignancy as higher.  

Figure 6 shows a case of invasive ductal carcinoma in which a 

particularly pronounced beneficial effect was observed in the general 

group. Although one of observers in the general group answered that this 

case might be benign without the use of the CAD scheme, his confidence 

level improved and he rated the case as malignant when he used the CAD 

scheme. The other observers in the general group also confidently rated 

the case as being more likely to be malignant with the use of the CAD 

scheme. Echogenic foci were present inside the lesion of this case. The 

experienced clinicians identified the echogenic foci and were able to 

easily determine that the lesion was malignant. The CAD scheme was 

helpful for the inexperienced general clinicians who could not identify the 

echogenic foci. In most cases, the CAD scheme helped to improve the 

diagnostic accuracy of the less experienced clinicians and the 

performance of experienced clinicians in cases in which it was difficult to 

decide whether a lesion was benign or malignant. 

The CAD scheme was not effective in improving the AUCs in one case 
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of ductal carcinoma in situ and four cases of invasive ductal carcinoma. 

The CAD scheme misdiagnosed four invasive ductal carcinomas as 

benign cases [fibroadenoma (n=3) and intraductal papilloma (n=1)]. 

Figure 7 shows a case that was indicated as being possibly malignant by 

all observers without the use of the CAD scheme. However, the CAD 

scheme incorrectly determined that intraductal papilloma was the most 

likely of the five histological classifications. This result had a detrimental 

effect on the confidence levels of the observers. Although the CAD 

scheme that was used in the present study had a high level of sensitivity, 

it showed the lowest level of sensitivity in the diagnosis of intraductal 

papilloma (70.6%). Intraductal papillomas are often difficult to 

differentially diagnose as malignant lesions, especially from ductal 

carcinoma in situ, because they are both intraductal lesions and because 

their imaging features are similar. It is also often difficult to assume the 

histological classification and to precisely differentiate benign lesions 

from malignant lesions.  

Furthermore, the differential diagnosis of benign or malignant lesions by 

a CAD scheme using a continuous rating scale is associated with a 

limitation and a problem. In the present study, the numerical value that 

indicated the clinicians’ confidence level changed easily on different 

occasions and was not replicable. 

We are therefore of the opinion that, in addition to calculating the 

likelihood of the different histological classifications, the CAD scheme 

must be expanded to allow it to determine the BI-RADS category 

classifications. The use of the category classifications in the diagnosis of 

lesions would allow for a more uniform diagnosis and could be adapted 

for use in clinical practice. In a future study, we will develop a new CAD 

scheme to be used in the diagnosis of both mass and non-mass lesions, 

and which will also be able to diagnose breast lesions using the BI-RADS 

category classifications. 
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Conclusion 

The ability to view the likelihood of the histological classifications of 

non-mass lesions appearing as hypoechoic areas in the mammary gland 

improved the performance of the clinicians in the present study. In clinical 

practice, the CAD scheme would be useful for improving diagnostic 

ability for non-mass lesions appearing as hypoechoic areas in the 

mammary gland on breast ultrasonographic images. 
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Figure legend 

Figure 1(a). The manual setting of the region of interest (ROI) in a case 

involving a benign lesion with benign mammary tissue or fibrocystic 

disease. 

 

Figure 1(b). The automatic segmentation result of the non-mass lesion 

with a level set method in a case involving a benign lesion with benign 

mammary tissue or fibrocystic disease. 

 

Figure 2. The average ROC curves for all observers in distinguishing 

between benign and malignant non-mass lesions with and without the use 

of the CAD scheme. 

The average area under the ROC curve (AUC) improved from 0.649 to 

0.783 with the use of the CAD scheme (P=0.0167). 

 

Figure 3. The average ROC curves for the general and expert groups in 

distinguishing between benign and malignant non-mass lesions with and 

without the use of the CAD scheme. The AUC improved from 0.625 to 

0.793 in the general group (P=0.045), and from 0.681 to 0.769 in the 

expert group (P=0.327). 

 

Figure 4. The average of the beneficial or detrimental changes in the 

confidence levels with the CAD scheme in each of the cases for all 

observers. The vertical axis shows changes in the confidence levels before 

and after the use of the CAD scheme, the horizontal axis shows the case 

number. When the change in the average confidence levels with and 

without the use of the CAD scheme was > 0.1 or < -0.1, the CAD scheme 

was considered to have had a beneficial or detrimental effect, respectively. 

 

Figure 5. A case of ductal carcinoma in situ in which the CAD scheme 

was effective for all observers. 

 

Figure 6. A case of invasive ductal carcinoma in which the CAD scheme 

was only effective in the general group. 

 

Figure 7. A case of invasive ductal carcinoma in which the CAD scheme 

was ineffective. 
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