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Abstract Computer-aided diagnosis has potential in

improving radiologists’ diagnosis, and presentation of

similar images as a reference may provide additional useful

information for distinction between benign and malignant

lesions. In this study, we evaluated the usefulness of pre-

sentation of reference images in observer performance

studies and compared the results obtained by groups of

observers practicing in the United States and Japan. The

results showed that the presentation of the reference images

was generally effective for both groups, as the areas under

the receiver operating characteristic curves improved from

0.915 to 0.924 for the group in the US and from 0.913 to

0.925 for the group in Japan, although the differences were

marginally (p = 0.047) and not (p = 0.13) statistically

significant, respectively. There was a slight difference

between the two groups in the way that the observers

reacted to some benign cases, which might be due to dif-

ferences in the population of screenees and in the socio-

clinical environment. In the future, it may be worthwhile to

investigate the development of a customized system for

physicians in different socio-clinical environments.
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1 Introduction

Breast cancer is the most frequently diagnosed cancer

and one of the leading causes of cancer deaths in women

in Japan, the United States (US), and European countries

[1–3]. Mammography is considered the most effective

screening method for early detection of breast cancer for

women at normal risk [4–6]. For improving the diagnostic

accuracy and efficiency, computer-aided detection (CADe)

was introduced [7–10], and its potential usefulness was

indicated in an observer performance study [11] and in

prospective studies [12–16]. Once a suspicious lesion is

found, radiologists may determine whether it should be

biopsied or followed up. However, diagnosis on mammo-

grams can be difficult and requires proper training and

reading experience. For assisting radiologists’ reading,

investigators have suggested computer-aided diagnosis

(CADx), in which a computer provides the likelihood of

malignancy of an unknown lesion and have reported the

potential usefulness of CADx in distinguishing between

benign and malignant lesions on mammograms [17–19]. In

these studies, radiologists’ performance in terms of the area

(AUC) under the receiver operating characteristic (ROC)
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curve was improved with use of CADx; however, the

studies indicated that the AUCs by many observers with

CADx were lower than the AUC by the computer alone.

One of the reasons might be that the result of computer

analysis was summarized only in one numeral, i.e., the

likelihood of malignancy, and the evidence was not clear to

radiologists.

In recent years, mammography practice has been shift-

ing from analogue to digital images. With implementation

of Picture Archiving and Communication System (PACS),

it became much easier to store and retrieve images from the

previous examinations, and an effective use of stored data

is expected. Radiologists, on the other hand, are trained and

gain experience by reading many images in their clinical

practice, in textbooks, and in training courses. Therefore,

presentation of images that are similar to an unknown

image can be an intuitive guide to reinforce the numerical

likelihood of malignancy [20]. Different methods for

automated selection of similar images have been investi-

gated for diagnosis of chest radiographs [21, 22], thoracic

computed tomographs [23, 24], and mammograms [25–

31]. In some studies, reference images were selected on the

basis of the predicted diagnosis [21, 22, 27, 28], whereas in

other studies, images were selected by the similarity of the

feature values [24, 26, 28]. For selecting similar images

from the point of view of diagnosis, we have been inves-

tigating a method for quantifying the subjective ratings by

radiologists [29, 30], as well as, a similarity index that

takes into account the subjective similarity rated by radi-

ologists [23, 31–33]. In our method, the similarity measure,

called a psychophysical measure, was determined using an

artificial neural network (ANN) which would be trained to

learn the relationship between the subjective similarity

ratings by radiologists and the computer-extracted image

features.

Some of the above studies have indicated the potential

usefulness of providing reference images together with

other information such as the predicted diagnosis [22–24,

27, 34]. In these studies, it was not clear whether the pre-

sentation of reference images itself or the both images and

other information together was helpful. Therefore, in order

to evaluate the usefulness of providing similar images and

to investigate the effect on radiologists in detail, we con-

ducted the observer performance study to evaluate the

radiologists’ abilities in distinguishing between benign and

malignant masses without and with similar images [35].

The result of this study was that, although the presentation

of similar images provided beneficial effects, the average

AUC was almost unchanged. One of the important findings

in this study was that a reference image database must be

carefully created so that it does not include ‘‘confusing’’

cases. When textbook-type cases are shown, radiologists

will feel comfortable and can confidently and properly

react to the given information. However, when atypical

cases are presented, radiologists may become anxious,

especially if they are cases of cancer. Another finding was

that when a new case in question may be a benign-looking

malignant case or a malignant-looking benign case, similar

images would not be helpful. For these cases, radiologists’

initial assessment is likely to be incorrect, and the pre-

sentation of similar images would only reinforce their

incorrect decisions. This effect is, in fact, one that any type

of CADx could have in common. When radiologists’ initial

judgment for a malignant-looking benign lesion was

malignant, and the computer-estimated likelihood was also

malignant, radiologists would become confident of their

incorrect decision.

In this paper, we report the result from our second

observer study after manual refinement of the database to

exclude confusing cases. A group of radiologists practicing

in the US and another group of radiologists and breast

surgeons in Japan participated in the observer study, and

the results from the two groups were compared.

2 Materials and methods

2.1 Case selection

Regions of interest (ROIs) including breast masses were

used in this study. They were obtained from the Digital

Database for Screening Mammography (DDSM) [36],

which was made available by the University of South

Florida. We initially collected 1568 ROIs, including 728

malignant and 840 benign masses [31]. ROIs containing

microcalcifications which may influence the diagnosis of

masses were excluded from the database. In the previous

observer study [35], potentially confusing cases (benign-

looking malignant and malignant-looking benign masses)

were excluded from the reference database, which con-

sisted of 365 malignant and 442 benign masses, by use of

the computer-estimated likelihood of malignancy. How-

ever, because of the imperfect accuracy of the estimated

likelihood, the database was suboptimal. In this study, for

creating a better reference database, all of the cases were

rated by a co-author (C.M.) for their difficulty in distin-

guishing between benign and malignant from 1 to 4, with 1

being difficult and 4 being easy. The images with unclear

masses or with low quality that may not be helpful when

presented as a reference were rated 0.

For the observer study, 100 cases, including 50 malig-

nant and 50 benign masses, were selected from those rated

2, 3, and 4 to serve as study cases (unknown cases). They

were selected by stratified randomization according to the

size distributions of the database with 2.5 mm size bins,

excluding those less than 5 mm and those larger than
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25 mm. After removing all of the ROIs obtained from the

same patients that were selected as the unknown cases, the

cases rated 3 and 4 comprised the reference database,

which included 429 malignant and 480 benign mass ROIs.

For each unknown image, 8 images each from the

malignant and benign groups were selected as ‘‘similar’’

reference images, although 4 images each were presented

in the monitor, and the next 4 images were provided only if

an observer requested it. In the selection of similar refer-

ence images, the size criterion of no more than 50 % dif-

ference in the effective diameters was applied first. From

the remaining cases, reference images were selected on the

basis of the psychophysical similarity measures, which

were determined by the ANN trained with 300 sample pairs

in the previous study [32]. In the training of the ANN,

image features characterizing the shape, contrast, and

margin were used as input, and the subjective similarity

data by radiologists based on the overall impression for

diagnosis were used as the teacher. For avoiding having the

same image presented more than 5 times as the first 4

images in 100 cases, the top 10 images with the highest

similarity measures were preselected, and 4 of them were

used. Note that they were called the reference images

because, in some cases, there may be no ‘‘similar’’ images

with very high similarity measures, especially the benign

reference images for the malignant unknown cases and the

malignant reference images for the benign unknown cases.

2.2 Observer performance studies

Observer studies for evaluating the usefulness of presenting

reference images in the distinction between benign and

malignant masses were conducted at the University of

Chicago, Chicago, USA, and at Nagoya Medical Center,

Nagoya, Japan. During the studies, the images were shown

on a monochrome liquid crystal display monitor (ME511L/

P4, 21.3 in., 2048 9 2560 pixels, 410 cd/m2 luminance;

Totoku Electric Co., Ltd.). The readings were conducted in

the sequential reading mode, in which an observer was

asked to provide his/her confidence level of a lesion being

malignant on a continuous rating scale from 0.00 to 1.00,

corresponding to ‘‘definitely benign’’ and ‘‘definitely

malignant,’’ respectively. Immediately after the first rating,

four ‘‘similar’’ benign images and four ‘‘similar’’ malignant

images were presented on the right and left sides of the

unknown case, and the observer was asked to reconsider

his/her confidence level. If an observer requested it, next

four benign and four malignant images would be shown.

The instructions to the observers were: (1) The purpose

of this study is to investigate whether providing the similar

known images can assist radiologists in the distinction

between benign and malignant lesions on mammograms.

(2) 100 unknown cases are included in this study. The

training session including four cases is provided at the

beginning of the study. (3) You are asked to provide your

confidence level regarding the malignancy (or benignity) of

a lesion with a bar displayed on the monitor by use of a

mouse first without similar images, and then after observ-

ing the similar images. (4) For each unknown case, four

most similar images each from benign and malignant

lesions in the database are provided. If desired, you may

observe additional four similar images by clicking a ‘‘show

similar images 5–8’’ button. (5) There is no time limit.

Ten observers, including two attending breast radiolo-

gists, three breast imaging fellows, and five radiology

residents, participated in the observer study in the US. The

two attendings had 13 and 3 years of experience in reading

mammograms, whereas the three fellows were in the first

or second year of a breast imaging fellowship, and the

residents were third- or fourth-year senior residents who

had been trained in the breast-imaging section in their

rotation. Eleven observers, including 10 radiologists and

breast surgeons who were certified for breast image reading

and one in training to be certified, participated in Japan.

The ten certified physicians had a mean of 13 years of

experience in reading mammograms. The results were

evaluated by use of multi-reader multi-case (MRMC) ROC

analysis (the University of Chicago, IL, USA) [37].

3 Results

The overall results indicated that AUCs without and with

the presentation of the reference images were both high,

probably because difficult cases were not included in this

study. The AUCs without and with the reference images for

the individual observers are listed in Table 1. The mean

AUCs were slightly improved by providing the reference

images, from 0.915 to 0.924 for the group in the US and

from 0.913 to 0.925 for the group in Japan; however, the

differences were not statistically significant for the Japan

group and marginally significant for the US group. If a

change in the confidence level of more than 0.1 in the

direction of the correct diagnosis is considered a beneficial

effect, on average, there were larger numbers of cases that

the presentation of the reference images affected benefi-

cially than those affected detrimentally. Figure 1 shows the

numbers of beneficially and detrimentally affected cases

for each observer. The average numbers of beneficially and

detrimentally changed cases were 13 and 8, respectively,

for the US group and 16 and 7, respectively, for the Japan

group with p values of 0.04 and 0.01 by paired t test.

It may be noticed in the results that for the US observers,

there were more beneficial effects to the malignant cases

than to the benign cases, and the majority of the detri-

mental cases were benign cases. On the other hand, for the
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Japanese observers, the presentation of the reference ima-

ges was helpful for both the malignant and the benign

cases. Figure 2 shows the relationships between the

average initial confidence levels and their changes, where

positive changes correspond to the changes toward a cor-

rect diagnosis, for the two groups of observers. It is

apparent in the figures that the presentation of the reference

images had beneficial effects for many of the malignant

cases. For the benign cases, however, it caused the US

observers to increase their confidence levels toward

malignant (indicated by an arrow in Fig 2a). The results

indicate that some observers, regardless of their initial

judgments as benign or uncertain, became worried after the

reference images were presented. On the other hand, the

average initial confidence levels for the benign cases by the

Japanese observers were, on average, low for many cases,

and the observers became confident of their judgment after

the presentation of the reference images (indicated by an

arrow in Fig 2b).

Figure 3 shows the relationship between the changes in

the confidence levels before and after the presentation of the

reference images by the two groups. The points in the right

upper quadrant correspond to the cases in which the pre-

sentation of the reference images, on average, resulted in the

beneficial changes for both groups of observers. An example

of such cases is shown in Fig. 4. In this case, the unknown

case was malignant. The initial judgments by the observers in

both groups were mostly uncertain, and their confidence

levels increased after the reference images were presented,

with six of them increasing more than 0.1. On the other hand,

there are some benign cases in the upper left quadrant in

Fig. 3 for which the image presentation resulted in beneficial

changes for the Japanese observers, but caused the detri-

mental changes for the US observers. Figure 5 shows one of

such cases. In this case, the observers’ initial judgments

ranged from somewhat uncertain to likely benign, and the

presentation of the reference images caused some US

observers to increase their ratings, whereas most Japanese

observers remained unchanged.

Table 1 Areas under the

receiver operating characteristic

curves without and with the

presentation of the reference

images for the individual

observers

Observers US group Japan group

Without With Without With

A 0.951 0.962 0.939 0.942

B 0.972 0.978 0.893 0.924

C 0.940 0.938 0.936 0.947

D 0.947 0.942 0.969 0.941

E 0.942 0.943 0.880 0.880

F 0.906 0.931 0.888 0.919

G 0.874 0.877 0.879 0.888

H 0.887 0.913 0.905 0.958

I 0.871 0.874 0.918 0.940

J 0.863 0.885 0.901 0.885

K 0.936 0.952

Average (p value) 0.915 0.924 (p = 0.047) 0.913 0.925 (p = 0.13)

Fig. 1 Numbers of cases that the presentation of the reference images

affected beneficially (positive) and detrimentally (negative) for the

individual observers. a Observers in the US, and b observers in Japan
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4 Discussion

The results of the observer studies showed a somewhat

notable difference between the practitioners in the US and

those in Japan in the sense of their reaction when the ref-

erence images were presented. The differences between the

two groups seemed more prominent in the benign than in

the malignant cases. One difference we observed during the

reading sessions and also obtained in the observers’ feed-

back was that the practitioners in the US primarily and

dominantly consider margin characteristics in distinguish-

ing between benign and malignant masses, whereas the

practitioners in Japan consider the density of the masses,

which relates to their elasticity, in addition to the margin

characteristics. This may be due to the fact that Japanese

women tend to have dense breasts, and physicians have a

difficult time assessing margins more often than those in

the US. It is also related to the fact that the breast cancer

incidence rate increases with age in the US, whereas it

peaks around the late 40 s in Japan. Therefore, the

observers in Japan often complained about the use of ROIs

without the availability of whole mammographic views

during the observer study. When they read mammograms,

the relative mass density in comparison with the normal

breast tissue density of the patient is one of the important

factors that they consider. However, with the lack of a

whole view, it was difficult to see the grandular tissue

density of the whole breast and the symmetry against the

opposite breast.

Another perspective could be related to the number of

law suits on missed cancers in the US. Although nobody

wants to miss a cancer, physicians in the US may be par-

ticularly sensitive to missing one. This is manifested in the

reported higher recall rates in the US than those in other

countries. According to the study by the Physicians

Insurers Association of America, breast cancer is the sub-

ject of the most frequent malpractice lawsuits filed, in

which 41 % of all claims resulted in compensation aver-

aging about $438,000 [38]. Dick et al. [39] have reported

that, in their surveys, about a half of US radiologists

responded that they had had a malpractice claim filed

against them. In Japan, based on the statistics by the

Supreme Court (http://www.courts.go.jp/saikosai/iinkai/

izikankei/index.html), the number of medical lawsuits in

each year is about 1000, in which internal medicine,

surgery, orthopedics, and gynecology are the top four

Fig. 2 Relationships between the average initial confidence levels

and the changes in confidence levels toward (?) correct and (-)

incorrect diagnosis by the a observers in the US and b observers in

Japan. An arrow in a indicates the benign cases in which presentation

of similar images caused detrimental effects, whereas an arrow in

b indicates the benign cases in which the presentation caused

beneficial effects

Fig. 3 Relationship between the changes in confidence levels before

and after the presentation of the reference images between the two

groups of observers
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frequently filed, accounting for more than 60 % of cases;

no number was provided for radiology. Although it is

difficult to compare these statistics, it can be conjectured

that US radiologists tend to practice more defensive med-

icine. The difference is also seen in the diagnostic assess-

ment of probably benign lesions. In the US, cases assessed

as BI-RADS 3, ‘‘probably benign finding’’, should have less

than 2 % risk of malignancy, whereas a breast imaging

guideline in Japan was created on the basis of the BI-RADS,

and cases assessed as category 3 ‘‘benign but malignancy can’t

be ruled out’’ may have about a 2–10 % chance of cancer.

These facts may explain the tendency of the US observers to

give slightly higher ratings than those in Japan.

There were some differences in the years of experience

between the two groups. It is difficult to determine whether

the different reaction to the benign cases could be due to

the years of experience, because US attending radiologists

had a tendency to make only small changes in confidence

levels. Note that the years of experience is one index; US

attending radiologists and fellows only practice in breast

imaging section in their routine work, whereas Japanese

radiologists, although experts in breast image reading, may

also read images of other organs, and surgeons may spend

limited time in image reading. In addition, Japanese

observers work at several different clinical facilities, and

their practice may be somewhat different. The population

of the test cases which were obtained in the US and pri-

marily included Caucasians and African Americans may

have affected the performance. Although the average years

of experience and their background were different between

two groups, the mean AUCs without and with similar

images were comparable.

Fig. 4 A malignant case in

which the presentation of the

reference images resulted in

beneficial changes for the both

groups

Fig. 5 A benign case in which

the presentation of the reference

images resulted differently for

the observers in the US and

those in Japan
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One of the limitations in this study was that we excluded

difficult cases from the test dataset, which resulted in high

AUCs both without and with similar images. Because of

the limitation of time, the population of test cases selected

for the observer performance studies were generally dif-

ferent from the clinical population. In this study, we

excluded difficult cases because it was believed that CAD

likely has no impact or detrimental effect on such cases.

When a benign lesion looks very similar to typical malig-

nant cases, a computer likely selects similar malignant

lesions and outputs a high likelihood of malignancy. Even

if a computer provided a low likelihood of malignancy, it is

unlikely that radiologists would change their initial deci-

sion. Although we believe that such atypical cases are

relatively rare, we did not include them in the present study

because the number of the study cases was limited. As a

result, the impact of the overall beneficial effect observed

in this study could be much smaller in an actual clinical

population. On the other hand, the high AUCs without

similar images might have decreased the chances of gain.

5 Conclusion

The results of the observer studies indicate a potential utility of

presenting reference images in the distinction between benign

and malignant masses on mammograms by physicians. The

overall effects in terms of the mean AUC were comparable for

the observers in both counties. However, there was a slight

difference in the reactions by the observers for some benign

cases. This difference could be due to the differences in the

patient population and the diagnostic environment in the two

countries. In this study, the similarity measures used for the

selection of reference images were based on the subjective

similarity ratings determined by breast radiologists who

practice in the US. Although subjective similarities noted by

different groups of observers were expected to be comparable

for most of the cases, there could be some differences in the

impression due to the diagnostic environment. For improving

the utility of computer-aided diagnosis systems, it may be

worthwhile to investigate the development of a customized

CAD system with an effective image selection scheme for

physicians in different socio-clinical environments.
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