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1. Introduction

L.L. Breast cancer

Breast cancer is one of the major health problems for women health in developed

countries. In the United States, one in eight women has breast cancer during their lives

t1]. Therefore, it is estimated that about 40,000 women will die of breast cancer in a

year. On the other hand, in Japan, MHLW (Ministry of Health, Iabor and Welfare)

reported that one in twenty women has breast cancer during their lives. Breast cancer

has the highest disease rate in all the cancers for Japanese women. ln 2007, 1L,323

women died of breast cancer l2). Figure L shows the change in the number of women

who died of breast cancer in Japan. It is expected that the number of people who die

of breast cancer will increase for a while because the disease rate of breast cancer tend

to increase. Therefore, the number of breast operative treatments also will continue to

increase.



1.2. Sentinel lymph node biopsy

In traditional breast operative treatments, axillary lymph nodes (ALNs) were

excised in all patients because it was very difficult to diagnose whether breast cancer

had metastasized to the ALNs [3]. The operative treatment for excising the ALNs

would compromise the patient's quality of life (QOI-;, also has the high possibility of

giving the patient aftereffects 14-61. In recent years, sentinel lymph node (SLN)

biopsy is becoming popular as an effective method to diagnose whether breast cancer

has metastasized to the ALNs. The ALNs diagnosed as negative with the SLN biopsy

do not need to be excised from the patients [7]. Therefore, these patients would be

able to avoid compromising the QOL.

For the SLN biopsy, the locations of SLNs need to be identified in the patient. RI

method [8, 9] is known as one of popular methods for identifying SLNs. This is a

method based on characteristic that injected radioactive substance accumulates to the

SLNs. Surgeons identify the SLNs by use of a gamma probe and a gamma counter in

the beginning of breast operative treatment. However, it takes a long time to identify

them because surgeon has to check the gamma counter again and again while moving

the gamma probe by little and little. To reduce the identification time, a

lymphoscintigram which shows the accumulation degree of the radioactive substance is

often taken to know rough location and number of SLNs before breast operative

treatment [10, 1U.



L.3. Purpose of this study

Although radiologists try detecting the SLNs on lymphoscintigram, it is not easy to

detect all of them correctly. This is because not only SLNs but also the neighborhood

of injection site appears as areas with high pixel values (gamma count values) on

lymphoscintigrams, as shown inFig.2. Those are the radioactive substance remaining

on the injection site and the artifacts (shine-through) caused by the remaining

radioactive substance. Therefore, detecting the SLNs in the neighborhood of the

injection site mapped on lymphoscintigrams is difficult task because the contrasts

between those SLNs and the surrounding background are very low. To reduce the

influence of this remaining radioactive substance, radiation from the injection site is

shielded sometimes by putting a copper sheet on the site of injection in patient [1,1].

However, there is a possibility that the copper sheet shields also radiation from the

SLNs. Therefore, a novel image processing method for improving the contrast of the

SLNs has been desired to detect the SLNs efficiently.

We thought that a concept of computer-aided diagnosis (CAD) schemes lLz, L3]

for detecting potential regions of lesions in medical images would be able to be applied

for detection aid of the SLNs. The purpose of CAD is to improve the diagnostic

accuracy and the consistency of the radiologists' image interpretation by taking into

account the detection result outputted by CAD schemes as a second opinion. In

previous study, many researchers developed CAD schemes for detecting lesions based

on the laterally symmetry of normal tissue such as lung field and breast [14-18]. In

these CAD schemes, the normal tissues were removed while improving the contrasts of

the lesions by the subtraction between right and left normal tissues. On the other hand,

the remaining radioactive substance around the site of injection radiates gamma ray



radially. Therefore, the ^rea of the injection site and the shine-through on

lymphoscintigram were also expected to become nearly symmetrical, whereas the SLNs

appear as asymmetrical spots in the area. The purpose of this study was to develop a

CAD scheme for detecting SLNs on lymphoscintigrams by applying the subtraction

technique to the symmetry in the neighborhood of the injection site.



2. Materials

Our database consisted of 78 lymphoscintigrams which were obtained by a single

injection with technetium colloid (time: 1.50-seconds, energy window:

140KeV+60KeV). Informed consent was obtained for the research use of each

patient's lymphoscintigrams. The size of lymphoscintigram images werc 256 pixels

by 256 pixels. Although 121 SLNs were identified from 78 patients by the use of a

gamma probe in breast operative treatment, only 86 SLNs in them were confirmed

retrospectively on lymphoscintigrams by the consensus of two experienced radiologists

who referred to the identification result based on gamma probe. Therefore, the

locations of 86 SLNs on lymphoscintigrams were used as "Gold standard" in this study.



Figure 3 shows the schematic diagram of our CAD scheme using a subtraction

technique based on the symmetry in the neighborhood of the injection site.

3.1. Expansion of lymphoscintigram

It was difficult to analyze the SLNs in detail because they were small on

lymphoscintigrams with low spatial resolution. Therefore, the lymphoscintigram was

expanded by using a linear interpolation [19]. Figure 4 shows the illustration of the

linear interpolation.

Interpolated pixel value :

Here, C, was the pixel value on the coordinate i . The size of the expansion image

was 512 pixels by 5t2 pixels. Figure 5 shows an example of the expanded

lymphoscintigram.



3.2. Segmentation of iqiection site

Lymphoscintigram which was a nuclear medicine image included many noises. In

this study, therefore, lymphoscintigram was smoothed by using a Gaussian filter [1.9] in

order to reduce the influence of noises. The filter size and the standard deviation for

the Gaussian filter were given as l,L pixels and 1.2 by taking into account the mean of

the size of the SLNs on lymphoscintigrams.

The pixel values in the injection site are very high on lymphoscintigrams. We

employed a gray-level thresholding technique [19] to segment the injection site. There

is also a pixel with the highest pixel value in the neighborhood of the center of the

injection site. The pixel values become much lower at farther pixels from its center in

the injection site. For example, Fig. 6(a) showed the line profile of pixel value on

vertical straight line through the center of injection site. Therefore, the areas of

regions segmented as the injection site were measured by varying a threshold value

from high pixel value to low pixel value in the gray-level thresholding technique. Fig.

6(b) showed that the relationship between the gray-level threshold value and the area of

segmented region. We consider that the threshold value / into which the area of

segmentation region gently changes was the pixel value of injection site. Therefore,

the injection site was segmented by using the minimum threshold value / which met

conditions of expression (2).

f  ( t ) -  f  ( t  +5)s20 (2)

Here, /(r) was the area of the segmented region with the threshold value r. Figure

7 shows an example of the segmented image for the injection site.



3.3. Subtraction image based on symmetry

To obtain the subtraction image based on the symmetry in the neighborhood of the

injection site, the original lymphoscintigram was divided into four regions by the

vertical straight line and the horizontal straight line through the center of the segmented

injection site, as shown in Fig. 8.

Although the neighborhood of the injection site on lymphoscintigram was expected

to become nearly symmetric, it did not completely become symmetric. Therefore, we

first defined one of the four divided regions as a target region. We then calculated the

correlation coefficients based on the pixel values between the target region and each of

the other three regions. The region with the highest correlation coefficient in the other

three regions was selected as the similar region for the target region. Figure 9 shows

the illustration of the selection of similar region. The subtraction image for the target

region was obtained by subtracting the values of pixels in similar region from the values

of the corresponding pixels in the target region. Here, the region of interest (ROI) with

the size of 3 pixels by 3 pixels was defined at the each pixel in the similar region. The

most similar pixel value in the ROI was subtracted from the value of the corresponding

pixel in the target region. This procedure was repeated until every region had been

used for target region. Figure 10 shows the subtraction image between each of four

regions and the similar regions. Here, the pixel values less than zerc in the subtraction

image were given as zero.



3.4. Enhancement of sentinel lymph nodes

It was necessary to enhance the SLNs in the subtraction images because the

contrasts between those SLNs and surrounding background had been relatively low.

We defined two ROIs at each pixel in the subtraction image, as shown in Fig.Ll. The

SLNs were then enhanced by the following equation.

Enhanced image (*,y) :

(3)
mean pixel value in ROI,

The size of ROI1 was LL pixels by 11 pixels, whereas that of ROIz was L5 pixels by 15

pixels. Here, the pixel values less than zero in the enhanced image were given as zero

because the mean pixel value for the ROIz should be higher than that for the ROII in the

nodular structure such as the SLNs. Figure 1,2 shows the enhanced image for the

SLNs.



3.5. Detection of sentinel lymph nodes

The SLNs had high pixel values on the enhanced image. Therefore, the

candidates for the SLNs were segmented by applying a gray-level thresholding

technique. However, not only SLNs but also noises were segnented as candidates for

SLNs. Size of SLNs tended to be larger than that of noises. Shape of SLNs also

tended to be circular. Therefore, we removed the candidates with the area less than 20

pixels or the degree of circularity [19] less than 0.6 as false positives from the

segmented image. Figure 1.3 shows an example of the detected image for the SLNs.

When the center of the candidates for SLNs was within a true SLN region determined

by two experienced radiologists, this candidate was considered to have been "truly"

detected. When the center of the candidates for SIJ.Is was not within a true SLN

region, this candidate was considered as a false-positive.

10



4. Results and Discussion

Figure L4 shows the FROC (Free-response receiver operating characteristic) curve

1201, i.e., the relationship between true-positive (TP) fraction and the number of

false-positives (FPs) per image, when the threshold value was varied in the

segmentation of the candidates for SLNs. The density distribution for the

neighborhood of the injection site is expected to be almost constant in

lymphoscintigrams obtained under the same conditions. Therefore, we considered that

the subtraction image would be also obtained by subtracting the values of pixels in the

phantom image for the injection site from the values of the corresponding pixels in

original lymphoscintigram for patient. In order to investigate the usefulness of the

subtraction technique based on similar regions, therefore, the FROC curve for the

computerized scheme based on the phantom image is also shown in Fig.1"4. Here, the

used phantom image was taken under the same conditions when the lymphoscintigram

for patient was taken in clinical application. We also used the same criterion of

threshold values regarding the pixel value, the size, and the degree of circularity in both

our CAD scheme and the computerized scheme using the phantom image. The

detection performance of our CAD scheme with the similar regions was much higher

than that of the computerized scheme with the phantom image for the injection site.

Although we expected that the density distribution on the injection site in

lymphoscintigram was comparable to that in the phantom image, those density

distributions were large different. It was very difficult to normalize those density

distributions on the mapped injection site which had very large variation in the pixel

values by simple image normalization such as a linear grayscale transform. Therefore,

there were many false positives on the injection site in the detected images obtained by

1 1



the computerized scheme with the phantom image. On the other hand, it was not

necessary to perform the image normalization because two regions in the same image

were compared in our CAD scheme. Therefore, we considered that the number of the

false positives was small on the injection site.

Many researchers have developed computerized schemes for detecting lesions

based on the laterally symmetry of normal tissue. In order to investigate the usefulness

of dividing into four regions, therefore, we attempted to detect SLNs by a computefized

scheme with dividing into two regions. In this scheme, the lymphoscintigram was

divided laterally into two regions by the vertical straight line through the center of the

segmented injection site. The areas with high pixel values in the subtraction image

between right and left regions were detected as SLN by use of the same criterion of

threshold values concerning the pixel value, the size, and the degree of circularity.

Figure L5 shows the FROC curves by our CAD scheme and the computerized scheme

with dividing into two regions. The detection performance of our CAD scheme with

dividing into four regions was much higher than that of the computerized scheme with

dividing two regions. This result would indicate the influence of the not completely

symmetric injection site was decreased by using the similar region.

If the sensitivity of our CAD scheme is100Vo, surgeons will need only to check the

locations detected by our CAD scheme in breast operative treatment. This would

improve not only the radiologists' detection performance but also the time for breast

operative treatment. The reduction of the operation time leads to the improvement of

the patients' QOL. Therefore, high sensitivity was important even if the number of

FPs was rather large. With our CAD scheme, the highest sensitivity and the number of

FPs were 95.3Vo (82186) and 2.5t per image, respectively. Some of the undetected



SLNs exist on the dividing line between regions. The SLN was divided to some

regions by the dividing line. The segmented region conesponding to the SLN was

then removed as false positives by the criteria for the area. Therefore, it might be

possible to improve the sensitivity by changing the criterion for the removal of false

positives near the dividing line.

One hundred twenty one SLNs were identified from 78 patients by the use of a

gamma probe in breast operative treatment. However, only 86 SINs were confirmed

retrospectively on the lymphoscintigrams by the consensus of two experienced

radiologists and were used as 'oGold standard" in this study. Therefore, some true

SLNs might be included in the false positives.



5. Conclusion

In this paper, we developed a CAD scheme for detection of the SLNs by using a

subtraction technique based on the symmetry of the injection site mapped on

lymphoscintigrams. With our CAD scheme, the sensitivity and the number of FPs

were 95.3Vo (82186) and 2.5L per image, respectively. Radiologists would be able to

detect the SLNs efficiently on lymphoscintigrams by taking into account the detection

results of this CAD scheme as a second opinion.

L4
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Figure2 Example oflympho scintigam
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Lymphoscintigram

Exp ansion of lymphoscintigram

Segmentation of injection site

Subtraction image based on symmetry

Enhancement of SLNs

Detection of SLNs

Figure3 Schematicdiagram of our CAD scheme
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Figur e 4 Illustration of the linear interp olation
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(a) Expanded image (b) Segnented image for the injection site

Figure7 Exampleofthesegmentedimagefor theitteCtiOnsite
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FiErre 8 Example ofthe division oflymphoscintigram



similar region
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Figure 9 Illustration of the selection of similar region
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FigureL0 Exampleofthesubtractionimagebetweeneachoffourregionsandthesimilarregions



Figure LL Definition of two ROIs for enhancing the SLNs

L5 pixels



(a) Subtraction image (b) Enhanced image for the SLNs

Figure LZ Example ofthe enhanced SLNs



(a) Enhanced image (b) Detected image for SLNs

Figure L3 Exampleof the detected image for the SLNs
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Figure L4 Comparisonofbetween our CAD schemewith similar region
and computerized schemewith phantom imagein FROC curve

{- Our CAD scheme with similar region
+ Computerued scheme with phantom image
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Figure L5 Comparisonofbetween our CAD schemewith similar region
and computerized schemewith dividinginto two regions in FROC curve

+ Our CAD scheme with similar region
-G Computeruedscheme with dividing into two regions
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