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Abstract. Retrieval of similar cases with the diagnostic and therapeutic results 
as a reference may be useful in differential diagnosis of abnormalities. Image 
retrieval method for breast masses on mammograms has been investigated in 
our previous study, and the result indicated the potential advantage of a 
machine learning technique using sample cases with experts‘ subjective 
similarity data. In this study, the effect of presenting reference images to 
observers‘ ablity to distinguish between benign and malignant masses was 
investigated. Eleven physicians and 11 radiological technologists evaluated 98 
masses and recorded their confidence of a lesion being malignant without and 
with reference images. The areas under the receiver operating characteristic 
curves improved from 0.926 to 0.938 (p=0.17) and from 0.895 to 0.928 
(p=0.004) for the physician and technologist groups, respectively. The results 
indicate that reference images may be useful for diagnosis of breast masses. 

Keywords: similar image retrieval; breast masses; digital mammograms; 
differential diagnosis; observer study 

1 Introduction 

Breast cancer is the most frequently diagnosed cancer in women in the U.S., some 
European countries, and Japan [1-3]. To reduce the number of death from breast 
cancer and to improve patients‘ quality of life, early detection and proper treatment 
are important. Periodic screening with mammography is considered effective for the 
early detection for women with normal risk [4-6]. 

When a new lesion is found on mammograms, it is generally evaluated with other 
image modalities. Even in such situation, it is beneficial to thoroughly evaluate 
mammographic findings to compare with those in other modalities. However, it is not 
easy to make differential diagnosis of lesions on mammograms. It has been suggested 
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that computer-aided diagnosis (CAD) that provide the likelihood of malignancy of 
lesions may be useful in improving radiologists‘ diagnostic accuracies in the observer 
performance studies [7-9]. On the other hand, numeric guide may not be sufficient to 
some radiologists. Compared to computer-aided detection in which radiologists are 
prompted the suspicious areas on mammograms, the likelihood generally lacks in 
providing evidence to radiologists. Since radiologists‘ diagnostic ablity is based on 
experience, retrieval of similar images as a reference may be beneficial in providing 
supplemental information. 

Several research groups have investigated the methods for automatic selection of 
similar images on mammograms and breast ultrasound images [10-19]. In earlier 
studies, the selection was based on the simple distance measures in the feature space 
[11], [13-14], [17]. In more recent studies, machine learning methods using samples 
with subjective similarity data were investigated, and the results were evaluated 
subjectively [15-16]. Other groups proposed specific decision making methods such 
as a 2-step selection method [18] and decision tree methods [19]. 

We have previouly investigated a similarity determination method using an 
artificial neural network (ANN), in which feature vectors of pairs of masses and the 
corresponding average subjective similarity ratings by experts were employed as 
input data and teacher, respectively [15]. In our recent study, a new method using 
multidimensional scaling (MDS) was introduced for understanding subjective 
similarity relationship between masses with different pathologies and for visualizing 
the subjective similarity space [20]. The objective similarity measure was determined 
on the basis of the distance in reconstructed subjective space using linear regression 
model. By leave-one-out cross validation test, the result indicated the usefulness of 
the MDS-based method. 

In the present study, instead of applying ANN directly to estimate subjective 
similarity rating, MDS was first employed to map each image in subjective space, and 
the configured space was modeled by ANN [21]. After proper weights were 
determined, test cases were mapped in the modeled space, and the similarity between 
masses were determined by the distance in the similarity space. Using the proposed 
method, the effect of retrieved images on the readers‘ abilities to distinguish between 
benign and malignant masses was investigated in an observer performance study.  

2 Materials and Methods 

2.1 Mass Database 

Digital mammograms used in this study were obtained at the National Hospital 
Organization, Nagoya Medical Center, Nagoya, Japan. The study protocol was 
approved by the institutional review board. The images were obtained with three 
digital sytems, including phase contrast mammography (PCM) system (Mermaid or 
Pureview, Konica Minolta Holdings, Inc.), direct conversion digital mammography 
system (Amulet, Fujifilm Corporation), and computed radiography systems 
(Mammomat 3000, Siemens, with C-Plate, Knoica Minolta, or Profect, Fujifilm). The 
original images have pixel sizes of 25 (PCM), 43.75 (C-Plate), or 50 (Amulet and 
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Profect) µm and grayscales of 10 (Profect), 12 (PCM and C-Plate), or 14 (Amulet) 
bits. For computational purposes, the pixel size and grayscale were unified to 50 µm 
and 10 bits, respectively. 

Two radiologists reviewed the images and identified the masses by placing square 
regions of interest (ROIs) on the basis of the radiologic and pathologic reports. The 
ROIs were extracted from both craniocaudal (CC) and mediolateral oblique (MLO) 
views. When a lesion was partially cut off by the field of view, the ROI was excluded 
in this study. The size of the ROIs varied from 168 x 168 to 1888 x 1888. In this 
study, masses with 9 pathologic types were included: ductal carcinoma in situ (DCIS), 
invasive lobular carcinoma (ILC), mucinous carcinoma (MC), papillo-tubular carci-
noma (PTC), scirrhous carcinoma (SC), solid-tubular carcinoma (STC), cyst, fibroad-
enoma (FA), and benign phyllodes tumor (BPT). PTC, SC, and STC are the subtypes 
of invasive ductal carcinomas, and invasive ductal carcinomas with unknown subcat-
egories were not included in this study. The numbers of ROIs and lesions, and their 
mean effective diameters for the 9 types are listed in Table 1. The fractions of images 
obtained by different mammographic systems were 39% (Amulet), 23% (Profect), 
21% (PCM), and 17% (C-Plate). All the malignant masses were confirmed by biopsy 
and/or surgery and benign masses were confirmed by biopsy or follow-up by mam-
mography and ultrasonography. 

Table 1. The numbers of ROIs and lesions and their mean effective diameters for 9 pathologic 
types used in this study 

Pathologic type Number of 
ROIs 

Number of 
lesions 

Mean effective 
diameter (mm) 

Ductal carinoma in situ (DCIS) 14 10 24±13 
Invasive lobular carcinoma (ILC) 12 7 34±9 
Mucinous carcinoma (MC) 9 6 32±13 
Papillotubular carcinoma (PTC) 39 21 27±12 
Scirrhous carcinoma (SC) 69 40 35±13 
Solid-tubular carcinoma 38 22 47±20 
Cyst 99 63 25±18 
Fibroadenoma (FA) 90 58 29±11 
Benign phyllodes tumor 8 6 55±32 
Total 378 233 28±16 

2.2 Method for Similarity Determination 

Determination of Subjective Similarity. For employing the MDS, in general, simi-
larity (dissimilarity) data for all paired combinations of subjects must be obtained. To 
include a large variety of cases, but also retaining the number of comparisons by ex-
perts reasonably small, three masses from each of the 9 pathologic groups, thus a total 
of 27 masses, were sampled. As the result, subjective similarity ratings for all possible 
351 pairs of masses were obtained independently by 8 physicians who have been 
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certified for reading mammography by the Central Committee on Quality Control of 
Mammographic Screening in Japan. The details of the method and the analysis of the 
results have been described elsewhere [22]. Briefly, 2 ROIs for comparison was dis-
played in one monitor, and their entire views of the breast were displayed in another 
monitor. Each physician was asked to rate the similarity of the pair on a continuous 
scale from dissimilar (0.0) to similar (1.0) based on the overall impression for the 
shape, density and margin by taking into account the predicted pathology types. We 
asked them not to weigh on the size of the lesions, the surrounding normal tissue, and 
unrelated calcifications. The average subjective ratings were considered as the gold 
standard of similarity and used in MDS analysis. 

Determination of Objective Similarity. Kruskal’s nonmetric MDS in R program-
ming language was employed. The configuration dimension was set to 3 in this study 
to reduce a risk of overtraining. For determination of ANN parameters, i.e., numbers 
of hidden units and iterations, a leave-one-out cross-validation was employed in a 
series of MDS analysis and configuration modeling. In this process, one ROI was 
removed, and MDS was applied to remaining 26 ROIs. Once subjective space was 
constructed, each dimension was modeled by ANN with 13 image features. These 
features were defined elsewhere [21]. The test ROI was then mapped to the recon-
structed space by trained ANN. This process was repeated for all 27 ROIs. After all 
27 ROIs were mapped, distances between all pairs of ROIs were determined, and they 
were converted to similarity measures by use of an exponential function. The adequa-
cy of the model was evaluated by the correlation between the gold standard and the 
similarity measures. 

2.3 Selection of Similar Images for Test Dataset 

Usefulness of the similarity measure for selection of reference images was evaluat-
ed by precision, P, which is defined as 

𝑃 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒𝑠 𝑤𝑖𝑡ℎ 𝑚𝑎𝑡𝑐ℎ𝑒𝑑 𝑝𝑎𝑡ℎ𝑜𝑙𝑜𝑔𝑦

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑡𝑟𝑖𝑒𝑣𝑒𝑑 𝑖𝑚𝑎𝑔𝑒𝑠
 (1) 

For the testing, MDS was applied to 27 ROIs, and the configured similarity space was 
modeled by ANN with the parameters selected by the leave-one-out regime. After 
excluding all the ROIs belonging to the same cases as the 27 ROIs, 324 ROIs were 
used for evaluation. For each test ROI, the most similar cases were selected from the 
324 ROIs excluding the ones of the same case. If a query mass and the selected mass 
are both benign or both malignant, it was counted for matched pathology. The number 
of retrieved images was varied from 1 to 10 images, and the average precision was 
determined. 
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2.4 Observer Study 

The effect of providing reference images in the diagnosis of breast masses was 
evaluated in the observer performance study. Ninety-eight cases, including 48 benign 
masses and 50 malignant masses, were randomly selected and included in the study. 
Eleven physicians who have been certified for reading mammograms and eleven radi-
ological technologists who have been certified for mammography imaging with train-
ing of reading participated. In the reading session, a test ROI was displayed in one 
monitor, and the corresponding bilateral mammograms were displayed in another 
monitor. By clicking a button, images were switched between CC and MLO views on 
both monitors. After reviewing both views, observers were asked to mark their ratings 
on a continuous rating scale from definitely benign to definitely malignant. Subse-
quently, 5 reference images with their known pathologic types and the similarity map 
were shown, and the observers were asked again to mark their ratings. The results 
were evaluated by the multi-reader multi-case (MRMC) receiver operating character-
istic (ROC) analysis [23] (MRMC software, the University of Chicago [24]). Figure 1 
shows an observer study interface when reference images and similarity map were 
presented. 

 

 
Fig. 1. Observer study interface with reference images. MLO views of the test case are shown 
in the left monitor, and the test ROI is shown in the right monitor with five reference images 
and their known pathologic types below and the similarity map on the top right. 

3 Results 

By the leave-one-out cross validation, similarity measures using MDS were deter-
mined for 351 pairs. The correlation coefficient between the gold standard and MDS-
based similarity measures was 0.76, when the MDS dimension was 3. For compari-
son, the correlation coefficient between the gold standard and our previous ANN-
based similarity measures for the 351 pairs was 0.68. 

The method was applied to 324 test cases, and average precisions for the benign 
and malignant query images in retrieval of 1 to 10 images were determined and 
shown in Fig. 2. The average precisions were about 80% for both benign and malig-
nant query images when 1 to 10 images were retrieved by the MDS-based measures. 
The result is relatively good as four of five reference images, on average, would be 

Workshop on Breast Image Analysis 

In conjunction with MICCAI 2013

ISBN: 978-87-996443-0-8 Page 54 of 129



retrieved from the same benignity/malignancy groups as the test case. For compari-
son, the average precisions by the previous method were about 70% when 4 to 10 
images were retrieved. The precision was slightly lower for the benign query images 
when small numbers of cases were retrieved. The proposed method was superior all 
across more than 100 retrieved images, although such large volume is impractical. 

The observers’ ability to distinguish between benign and malignant masses without 
and with reference images was evaluated in the observer performance study. By 
MRMC-ROC analysis, the average areas under the curves (AUCs) were 0.926 and 
0.938 without and with reference images, respectively, for the physicians and 0.895 
and 0.928, respectively, for the technologists. On average, AUCs for both groups 
were slightly improved. The difference was found to be statistically significant for the 
technologists (p=0.004), although we failed to find the statistically significant differ-
ence for the physicians (p=0.17).  

 

 
Fig. 2. Average precisions in retrieving pathology-matched reference images by the MDS-
based similarity measures and previous ANN-based measures 

4 Discussion and Conclusion 

We have been investigating an effective image retrieval method to select images 
that are visually similar and useful in the point of view of diagnosis. Our new simi-
larity measures are determined by applying MDS to the subjective similarity ratings 
obtained by experts for constructing a subjective similarity space and employing 
ANN to estimate the space with the image features. In this study, the proposed meth-
od was applied to the test cases, and the result was evaluated by precision in selecting 
pathology-matched reference images. When 1 to 10 images were retrieved, the major-
ity of the cases (80%) were from the same pathologic group as the query images. 

The effect of presenting reference images was evaluated in the observer study, in 
which observers’ ability in distinguishing between benign and malignant masses was 
tested without and with the reference images. The average AUCs for both physician 
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and technologist groups were slightly improved by showing reference images. Be-
cause the cases in this study were selected randomly and the observers in both groups 
were well trained, the AUCs were very high and the improvement was rather small. 
The technologists had the tendency to be slightly less confident at the initial reading 
and more likely influenced by the reference images. With the reference images, their 
average AUC was comparable to that of the physicians without reference images. 

In conclusion, presentation of reference images may be useful in the diagnosis of 
breast masses on mammograms, especially for less experienced readers and slightly 
difficult cases. Our new similarity measures based on MDS may be effective in se-
lecting useful reference images. 
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