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ABSTRACT

Diagnostic imaging on FDG-PET scans was often used to evaluate chemotherapy results of cancer patients. Radiologists
compare the changes of lesions' activities between previous and current examinations for the evaluation. The purpose of
this study was to develop a new computer-aided detection (CAD) system with temporal subtraction technique for FDG-
PET scans and to show the fundamental usefulness based on an observer performance study. Z-score mapping based on
statistical image analysis was newly applied to the temporal subtraction technique. The subtraction images can be
obtained based on the anatomical standardization results because all of the patients' scans were deformed into standard
body shape. An observer study was performed without and with computer outputs to evaluate the usefulness of the
scheme by ROC (receiver operating characteristics) analysis. Readers responded as confidence levels on a continuous
scale from absolutely no change to definitely change between two examinations. The recognition performance of the
computer outputs for the 43 pairs was 96% sensitivity with 31.1 false-positive marks per scan. The average of area-
under-the-ROC-curve (AUC) from 4 readers in the observer performance study was increased from 0.85 without
computer outputs to 0.90 with computer outputs (p=0.0389, DBM-MRMC). The average of interpretation time was
slightly decreased from 42.11 to 40.04 seconds per case (p=0.625, Wilcoxon test). We concluded that the CAD system
for torso FDG-PET scans with temporal subtraction technique might improve the diagnostic accuracy of radiologist in
cancer therapy evaluation.
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1. INTRODUCTION

Diagnostic imaging on FDG-PET scans was often used to evaluate chemotherapy results of cancer patients. Radiologists
compare the changes of lesions' activities between previous and current examinations for the evaluation. Temporal
subtraction technique between two examinations has been proposed for bone scintigraphy and chest radiography, and its
usefulness has been reported in many papers [1-4]. Nie et al. also reported the initial approach of CAD scheme of FDG-
PET scan images for lung nodule diagnosis [5]. The purpose of this study was to develop a new computer-aided
detection system (CAD) with a temporal subtraction technique for torso FDG-PET scans and to show the fundamental
usefulness of the system based on an observer performance study.
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2. METHODS AND MATERIALS

The developed CAD system consists of the following 6 steps: (1) anatomical standardization of normal FDG-PET scans,
(2) normal model construction from the normal FDG-PET scans, (3) Z-score mapping based on statistical image
analysis, (4) automated detection of abnormal region, (5) comparison of detected regions between previous and current
scans, and (6) image subtraction of previous and current scans.

The first step of the anatomical standardization requires a data collection of normal cases. The normal cases were
collected from a medical checkup institution for cancer screening by using FDG-PET scans in Japan. All of the normal
cases were deformed into a standard body surface after the organs locations of liver, bladder, shoulder, and body surface
were recognized based on the image recognition methods at the second step. Fig. 1 shows an example of recognized
regions of the surfaces of liver (a) and bladder (b). All of the body shape as shown Fig. 1 (c) was divided into points on
the body surface (Fig. 1 (d)) used as landmarks of image deformation by using thin-plate splime (TPS) technique.

The image deformation of many normal cases into one body structure can create two data of mean (M) and standard
deviation (SD) of pixel values in each pixel. The pixel value in the original scan images represents the standard uptake
value (SUV) as a quantified index of glucose accumulation. The original SUVs can be converted into statistical values
by the M and SD. Fig. 2 shows the MIP (Maximum Intensity Projection) image of the distribution of M and SD for male
and female.

(b)

Fig. 1 Example of organ and body shape recognition. (a) Liver surface on FDG-PET scan, (b) Two examples of bladder surface,
(c) Standard body surface to be deformed, (d) Landmark distribution set on the body surface to deformed by TPS
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Fig. 2 MIP images of mean (M) and standard deviation (SD)
Male: (a) mean and (b) SD. Female: (c) mean and (d) SD
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Patient's scan was also deformed into a standard body shape. An example of an original FDG-PET image and the
deformed one are shown in Fig. 3 (a) and (b), respectively. The M and SD can show the confidence interval of the SUV
in each pixel, and the Z-score of SUV in patients' scans can be obtained as Z-score map on image at the third step. An
example of the Z-score image with color map of the same patient is shown in Fig. 3 (c). The Z-score was given by the
simple equation (1):

Patient's SUV — M
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Fig. 3 Example of automated detection for abnormal regions

(a) Original image (b) Anatomical standardization image (c) Z-score image (d) Detection results of abnormal regions

An automated detection technique has also been applied to each scan of previous and current examinations
independently at the fourth step. The detection technique is based on SUV and Z-score thresholding. An example of a
detection result of abnormal region is shown in Fig. 3 (d).

The detected regions were compared between two scans to show the changes of activities. In chemotherapy, the changes
of activities were categorized into five of disappearance, decrease, no-change, increase, and appearance. The process at
step five gives the category of the change to every detected region. These results were displayed on the subtraction
images at the final step. The subtraction image can be obtained based on the anatomical standardization results because
all of the patients' scans were deformed into one body shape. The subtraction results show the temporal changes of
activities and the automated detection results provide a color map to indicate the category of activity changes on the
subtracted image.

Observer performance study based on ROC (receiver operating characteristics) was performed without and with the
computer results to investigate the usefulness of the CAD scheme. Readers responded a confidence of activity changes
between two scans from absolutely no change to definitely change on a continuous scale. An example of viewer without
computer outputs is shown in Fig. 4 (a). The viewer without computer outputs provided two examinations of the
previous scans on the left and the current ones on the right. An example of viewer with computer outputs is also shown
in Fig. 4 (b). The viewer with computer outputs provided the detection results of abnormal region and the subtraction
images based on SUV and Z-score in addition to the viewer without CAD. Observer asked to interpret the cases with the
MIP and axial images with patient’s informations of gender and age. SUVs and Z-scores were also displayed by pointing
the location on image by the mouse device during the interpretations.

To measure the interpretation time, an independent method for ROC study was employed.
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Fig. 4 Example of viewer (a) without computer outputs and (b) with computer outputs

In this study, FDG-PET images scanned by Discovery LS (GE Healthcare) were employed. The number of image matrix
and slices were 128 x 128 pixels (4.3 mm spatial resolution) and 195 - 259 slices (4.25 mm slice thickness), respectively.

We employed 43 pairs of torso FDG-PET scans using computer performance evaluation. All of the cases were verified
by a board-certificated radiologist on nuclear imaging. The numbers of normal cases for the normal model composition
were 143 (male) and 100 (female). The normal cases were also verified by the radiologists.

Four radiology residents took part in the observer performance study. The scan images of 43 patients who underwent the
cancer treatments of surgical or chemotherapeutic procedures were collected to evaluate the automated detection system
of abnormal regions. Additional 60 pairs (32 regional changes and 28 regional no changes) were collected for the
observer performance study.

3. RESULT

The recognition performance for the 43 pairs was 96% in sensitivity with 31.1 false-positive (FP) marks per scan. Fig. 5
shows an example that the system correctly detects abnormal regions in the mediastinum and the clavicle.
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Fig. 5 Automated detection results on current and subtraction image
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The average of area-under-the-ROC-curves (AUCs) from 4 readers was increased from 0.85 without computer outputs to
0.90 with computer outputs (p=0.0389, DBM-MRMC). The average of interpretation time was slightly decreased from
42.11 to 40.04 seconds per case (p=0.625, Wilcoxon test). Fig. 6 shows the ROC curves (a) without and (b) with
computer outputs for 4 readers. Fig. 7 indicates a case of nasopharyngeal carcinoma, which was treated to the patient in
one year. The confidence level of Reader 2 was increased from 0% to 100% in this case.
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Fig. 7 An example of CAD beneficial case
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4. DISCUSSIONS AND CONCLUSIONS

As shown on the example case in Fig. 7, readers missed the change of abnormal region and disappearance. The high
activities of FDG in brain might conceal the abnormal regions, but the temporal subtraction image of Z-score revealed
the activities difference between previous and current scans. The change was not confirmed on the temporal subtraction
image of SUV. The recognition help of precise activities changes will be required for some kind of cancer therapy such
as malignant lymphoma, because the amelioration of the diseases was obtained by the disappearance of all abnormal
regions.

We supposed that the reading time would increase because readers had to compare their opinions with computer outputs,
but the actual reading time measured by the independent observer study method was slightly decreased when readers
used the computer outputs. Statistical significance was not confirmed between without and with computer outputs. These
results implied that the computer outputs would not disturb the interpretation procedures during the comparison of
abnormal regions.

In conclusion, our CAD scheme developed for torso FDG-PET scans with temporal subtraction technique may improve
the diagnostic accuracy of radiologists in cancer therapy evaluation.
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