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Abstract. Presentation of images similar to a new unknown lesion can be helpful
in medical image diagnosis and treatment planning. We have been investigating
a method to retrieve relevant images as a diagnostic reference for breast masses
on mammograms and ultrasound images. For retrieval of visually similar images,
subjective similarities for pairs of masses were determined by experienced radi-
ologists, and objective similarity measures were computed by modeling the
subjective similarity space using multidimensional scaling (MDS). In this study,
we investigated the similarity measure for masses on breast ultrasound images
based on MDS and an artificial neural network and examined its usefulness in
image retrieval. For 666 pairs of masses, correlation coefficient between the
average subjective similarities and the MDS-based similarity measure was 0.724.
When one to five images were retrieved, average precision in selecting relevant
images, i.e., pathology-matched images for benign/malignant index image, was
0.778, indicating the potential utility of the proposed MDS-based similarity
measure.
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1 Introduction

Breast cancer is the most frequently diagnosed and one of the leading causes of cancer
deaths for women in the United States, some European countries, and Japan [1-3]. Early
detection and proper treatment can reduce the number of cancer deaths and improve
patients’ quality of lives. Mammography is considered the most effective method for
screening breast cancers in general population with normal risk [4—6]. When an abnor-
mality is found, additional image examinations, such as ultrasonography, are generally
performed for diagnosis. Breast ultrasound is not only useful for differential diagnosis
but also for screening in young women and/or women with dense breasts [7—10]. With
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the approval of use of automated breast ultrasound system for screening by the Food
and Drug Administration, ultrasound screening in adjunct to mammography is expected
to increase. Therefore, computer-aided diagnosis system that can support an efficient
multimodality reading may be useful.

We have been investigating a computer-aided diagnosis system that provides the
similar images with known pathologies as a reference in the diagnosis of breast lesions
on mammograms [11-14]. For retrieval of images that are diagnostically relevant and
also visually similar, subjective similarity data by experienced radiologists for pairs of
lesions on mammograms were obtained and used as the gold standard for training the
system in our previous studies. The results of these studies indicated the potential
usefulness of the method for determination of similarity measures using the subjective
data. In general, masses with the same pathologies were considered more similar than
those with different pathologies in terms of malignancy and benignity. However, it was
more difficult to distinguish subcategories, such as cysts and fibroadenomas, on mammo-
grams. Itis expected that some lesions are more easily distinguished on ultrasound. Thus,
an image retrieval system for ultrasound images can be useful. However, it is not known
that our previous method can be effectively applied to ultrasound images. In this study,
we investigated the method for determination of similarity measure for masses on breast
ultrasound images and examined its usefulness in image retrieval.

2 Database

Breast ultrasound images used in this study was obtained at Nagoya Medical Center,
Nagoya, Japan. This study was approved by the institutional review board. Ultrasonog-
raphy examinations were performed as screening, follow-ups, or diagnostic work-ups
using EUB-8500 (Hitachi Medical Corporation, Tokyo, Japan) or Aplio XG (Toshiba
Medical Systems Corporation, Otawara, Japan) by diagnostic physicians or technolo-
gists together with physicians. When an abnormal lesion was found, two orthogonal
views were generally captured. In some cases, two views were saved in a single image
(Fig. 1(a)), whereas in others each view was saved in a single image (Fig. 1(b)). In this
study, 14 images of benign masses, including 5 cysts, 6 fibroadenomas (FAs), and 3
benign phyllodes tumors, and 23 images of malignant masses, including 15 invasive

Fig. 1. Breast ultrasound images. (a) An image of orthogonal views of a scirrhous carcinoma
(invasive ductal carcinoma) and (b) an image of a single view of a ductal carcinoma in situ
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ductal carcinomas (IDCs) with 3 subtypes, 3 ductal carcinomas in situ (DCISs), 3 inva-
sive lobular carcinomas, and 2 mucinous carcinomas, were selected as typical examples.
They were employed in the observer study to establish the gold standard of subjective
similarities of ultrasound masses.

3 Methods

3.1 Acquisition of Subjective Similarity Data

An observer reading study was performed for obtaining subjective similarity ratings for
mass images. Using the 37 images, all possible pairs constitute 666 paired comparisons.
Nine radiologists or breast surgeons who are certified for breast ultrasound reading by
Japan Central Organization on Quality Assurance of Breast Cancer Screening partici-
pated in the study. Pairs of images were presented one by one as shown in Fig. 2, and
each reader individually provided the similarity ratings on the continuous scale based
on the overall assessment of shape, density and margin with respect to the anticipated
diagnosis. The average ratings by the nine readers were considered as the gold standard
(GS-A).

¢ Dissimilar _— Similar

Fig. 2. User interface for obtaining subjective similarity ratings

Clinicians are not accustomed to evaluating similarities of lesions. Although some
training cases were provided in the beginning, determination of similarity is not an easy
task. In addition, reading of 666 pairs is a laborious task. There could be some pairs with
large variations in their ratings. Thus, we also investigated the removal of outliers. For
each pair, the ratings larger or smaller than 1.5 times the standard deviation from the
average were excluded, and the average of the remaining ratings was considered as the
alternative gold standard (GS-B).
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3.2 Similarity Measure Based on Multidimensional Scaling

Multidimensional scaling (MDS) is a multivariate statistical technique which can
display the dissimilarity relationship of data as a distance in lower dimensional space
[15, 16]. It is a useful tool for visualization of the relationship with respect to the simi-
larity between the subjects. In this study, the MDS was applied to the average dissimi-
larity (1- similarity) ratings for modeling the subjective similarity space reflecting the
similarity relationship between the masses as illustrated in the top of Fig. 3. The number
of dimensions was experimentally set to three in this study. Using the determined coor-
dinates, a three-layered artificial neural network (ANN) with the back propagation algo-
rithm was trained to estimate each dimension with image features as input data as illus-
trated in the bottom of Fig. 3.

Similarity data ‘ ‘ Subjective similarity space ’
A B
A 0 [0.2
B (02| O MDS
D(y,, y,):Subjective similarity rating
Feature space ‘ ‘ Estimated similarity space ‘

\
Image features D’(y,’ y,’):MDS-based similarity measure
Fig. 3. Illustration of similarity space modeling

Eight image features characterizing the mass shape and four features related to the
echo level were determined. The shape features included the ratio of height and width,
circularity, irregularity, the degree of outline complexity, the number of dents in mass
outline, the fraction of dented part in outline, the degree of dents, and the number of
corners in outline. The height and width is determined as those of the rectangle enclosing
the mass. The circularity is defined as the fraction of overlapped area of a mass and a
circle placed at the center of the mass, whose area is equivalent to the mass. The irreg-
ularity is the ratio of the perimeter of the circle to the outline of the mass. The degree
of outline complexity is the standard deviation of distances between points on the outline
and the mass center. The number of dents is determined using the convex hull enclosing
the mass. The degree of dents is defined as the ratio of areas of dents and the mass. The
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corners in outline are determined by sliding a circle on the outline and finding the area
of overlap between the circle and the mass. Echo level features include the mean and
standard deviation of pixel values, contrast, and posterior echo. The contrast is the
difference of average pixel values in adjacent areas inside and outline the outline. The
posterior echo is the ratio of average pixel values in the area posterior to the mass and
the surrounding area. For the images with the combined two views such as in Fig. 1(a),
the features were determined from both views and averaged. In the reconstructed space
(MDS-based similarity space), MDS-based dissimilarity measure was determined by
the Euclidean distance, which was then transformed to the similarity measure ranging
from O to 1.

The MDS-based similarity measure was compared with the gold standard, and the
usefulness of the measure for image retrieval was evaluated by the precision and recall.
The precision is defined as the fraction of relevant images in the retrieved images
whereas the recall is the fraction of relevant images that are retrieved to the total number
of relevant images in the database. The images with the matched benignity or malig-
nancy to an index image were considered relevant in this study. The similarity space
modeling using MDS and ANN and the image retrieval test were performed by a leave-
one-out cross validation test method. The performance was evaluated using GS-A and
GS-B. For comparison, a conventional similarity measure based on the Euclidean
distance (ED) in the feature space was also determined.

4 Result

Using all features, the subjective similarity space modelled by MDS was estimated by
the ANN. The correlation coefficient between the GS-A and the MDS-based similarity
measure was 0.724. When the GS-B was used in the space modelling, the correlation
coefficient between the GS-B and the MDS-based similarity measure was 0.663. The
correlation coefficient between the GS-A and ED-based measure was 0.514.

Using the MDS-based similarity measure, the most similar images for an index
(“unknown’) image were retrieved from the dataset (in this case from the 36 images).
Figure 4 shows the precision and recall curves by using the GS-A, GS-B, ED-based
measure, and the MDS-based measures using the GS-A and GS-B. The average precision
at retrieving one to five most similar images was slightly higher when the GS-B was
used than that using the GS-A (0.89 for the GS-B vs 0.88 for the GS-A).

When one to five most similar images were selected on the basis of the MDS-based
similarity measure, the average precision was 0.78 and 0.81 using the GS-A and GS-B,
respectively, for the training. They were not as high as those by the subjective ratings
but higher than that using the ED-based similarity measure (0.70).

5 Discussion

It was expected that the subjective similarity ratings provided by experts were useful in
selecting visually similar and diagnostically relevant images. Our previous study indi-
cated the potential usefulness of the presentation of similar images in distinction between
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Fig. 4. Precision and recall curves for image retrieval using the gold standard and ED-based and
MDS-based similarity measures

benign and malignant masses on mammograms [17, 18]. The high precision using the
gold standard (GS-A and GS-B) for image retrieval in this study indicates the potential
utility of the reference images selected on the basis of the image similarity by the experts
for diagnosis of new lesions.

It was expected that the removal of outliers of subjective similarities may provide
more reliable gold standard and improve the training process. The estimation of subjec-
tive rating using the ANN was more successful when the GS-A was used, which was
suggested by the higher correlation. On the other hand, the average precision was slightly
higher by using the GS-B when less than 5 images were retrieved, although it can be
observed in Fig. 4 that the two curves are almost equivalent. These results may be due
to the non-optimized parameters. Better parameter optimization process and the evalu-
ation with an independent dataset are needed in the future. Also the usefulness of the
presentation of images for the diagnosis of breast ultrasound images in clinical practice
must be evaluated.

Overall, the result indicated that the MDS was effectively applied to model the
subjective similarity space, and the similarity space was successfully estimated using
ANN. Relatively high correlation coefficient between the gold standard and the MDS-
based similarity measure and the high precision for image retrieval indicate the potential
usefulness of the proposed similarity measure for selection of reference images that can
be helpful in the diagnosis of breast masses on ultrasound images.
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