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ABSTRACT  

In a previous study, we developed a hybrid tumor detection method that used both computed tomography (CT) and 
positron emission tomography (PET) images. However, similar to existing computer-aided detection (CAD) schemes, it 
was difficult to detect low-contrast lesions that touch to the normal organs such as the chest wall or blood vessels in the 
lung. In the current study, we proposed a novel lung tumor detection method that uses active contour filters to detect the 
nodules deemed "difficult" in previous CAD schemes. The proposed scheme detects lung tumors using both CT and PET 
images. As for the detection in CT images, the massive region was first enhanced using an active contour filter (ACF), 
which is a type of contrast enhancement filter that has a deformable kernel shape. The kernel shape involves closed 
curves that are connected by several nodes that move iteratively in order to enclose the massive region. The final output 
of ACF is the difference between the maximum pixel value on the deformable kernel, and pixel value on the center of the 
filter kernel. Subsequently, the PET images were binarized to detect the regions of increased uptake. The results were 
integrated, followed by the false positive reduction using 21 characteristic features and three support vector machines. In 
the experiment, we evaluated the proposed method using 100 PET/CT images. More than half of nodules missed using 
previous methods were accurately detected. The results indicate that our method may be useful for the detection of lung 
tumors using PET/CT images.  

 
Keywords: Lung tumor, PET/CT, Computer-aided detection (CAD), Detection, Active contour 
 

1. INTRODUCTION  
Lung cancer is the leading cause of death among men worldwide [1]. Consequently, early detection is essential to 
decrease the number of cancer-related deaths. X-ray computed tomography (CT) was recently adopted as a mass-
screening tool for lung cancer diagnosis [2], enabling rapid improvement in the ability to detect tumors early. According 
to the results from the National Lung Screening Trial [3], screening using low-dose CT decreases the incidence of lung 
cancer-related deaths among smokers by 20%. A greater number of CT examinations are expected to be adopted for lung 
screening in the future. Of late, positron emission tomography (PET)/CT is being used as a cancer-screening tool [4,5]. 
PET/CT is an imaging technique that provides both functional and anatomical information; therefore, it is useful for the 
early detection of lung cancer. However, radiologists must examine a large number of images. Computer-aided detection 
(CAD) provides a computerized output as a second opinion to support a radiologist’s diagnosis and is expected to assist 
radiologists who are required to evaluate a large number of images to identify lesions and arrive at a diagnosis. In this 
study, we focused on the automated detection of lung tumors using PET/CT. 
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In a previous study, we developed an automated lung nodule detection scheme that entailed the use of both CT and PET 
[6]. The detection sensitivity was 83.0%, and the corresponding number of false-positive (FP) detections per case was 
5.0. However, similar to the issues faced with existing CAD schemes, it was difficult to detect low-contrast lesions in 
contact with normal organs such as the chest wall or blood vessels in the lung. In this paper, we propose a novel lung 
tumor detection method that involves the use of active contour filters to detect nodules that could not be identified using 
previous CAD schemes. 

2. METHODS 
2.1 Image dataset 

A total of 104 Japanese men and women who underwent whole-body PET/CT during cancer screening programs from 
2009 to 2012 were included in this study. Scanning was performed using a SIEMENS unit (Truepoint Biograph 40) with 
standard settings that are routinely used in the clinic. The spatial resolution of the PET images was 4.0 × 4.0 × 2.0 mm3, 
while that of the CT images was 0.97 × 0.97 × 2.0 mm3. A total of 179 nodules were detected in 84 patients.  

This study was approved by our institutional review board, and patient agreement was based on the assumption that all 
data were anonymized. 

 

2.2 Methods outline 

The proposed scheme, as shown in Figure 1, was designed to detect lung tumors using both CT and PET. First, nodules 
and masses were identified separately on the PET and CT images using the specific features of each image. 
Subsequently, the PET and CT images of candidate lesions were combined. FPs were eliminated using the hybrid FP 
reduction technique. Finally, candidate regions for the tumors were recorded. The detection and integration methods are 
described below. 

 
Fig. 1 Flow chart for the proposed method.  

 
2.3 Detection using CT 

First, the lung region on the CT images was automatically segmented by thresholding and three-dimensional 
morphological operations. Then, the massive region was enhanced using selective enhancement filters. In our previous 
study, we used cylindrical filters for enhancement [7]. However, it was difficult to detect low-contrast lesions in contact 
with normal organs such as the chest wall or blood vessels in the lung. Therefore, in this study, we developed an active 
contour filter (ACF), which is a type of contrast enhancement filter with a deformable kernel shape. The kernel shape 
includes closed curves that are connected by several nodes that move iteratively in order to enclose a massive region, 
such as nodules or masses (Fig. 2). The final output of ACF is the difference between the maximum pixel value on the 
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deformable kernel and the pixel value on the center of the filter kernel. Figure 3 shows the behavior of ACF when used
with a digital phantom. Then, initial candidates were obtained by thresholding and labeling processing.

Fig. 2 Structure and deformation of an active contour filter

Fig. 3 Deformation of the contour in an active contour filter. This image simulates an oval nodule surrounded by blood
vessels (white objects). The red lines show the active contours, while the bright curve around the oval nodule is the final
shape of the filter kernel.

2.4 Detection using PET 

The PET images were subsequently binarized using a predetermined threshold to detect regions of increased uptake. The 
PET images show the tissue radioactivity concentration. However, this varies with the injected dose and patient’s weight.
Therefore, the standardized uptake value (SUV) is calculated for each image as the ratio of the measured activity to the
injected dose/patient body weight [8]. 

(2)

Then, the images were enhanced using three-dimensional iris filters, followed by the identification of candidate lesions 
using thresholding. The heart, liver, and kidneys showed physiological uptake adjacent to the lungs. Candidate regions
other than the lungs were eliminated using the lung regions recorded on the CT images.

2.5 Integration and FP reduction 

Initial candidate regions detected on CT and PET were represented as binary images. The two images were then 
combined using logic OR. Following pixel-by-pixel confirmation of regions on both images, the region detected by at
least one modality was treated as an initial candidate region. Although an improvement in sensitivity was expected after
combination of the two modalities, an increase in FPs was a challenge at the same time. There were approximately 100 
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FPs per case for the initial combined candidates. Therefore, FP reduction was performed using multiple characteristic 
features and multi-step classifiers using a rule-based classifier and three support vector machines (SVMs; Fig. 4) [9]. 

 
 

 
Fig.4 Flow chart of FP reduction method 

 

3. EXPERIMENTS 

To evaluate the effectiveness of the proposed method, we assessed the PET/CT images obtained for the 104 patients. The 
data pertaining to candidate regions were randomly divided into five datasets and evaluated using the cross-validation 
method. With regard to the detection parameters, the maximum filter radius of ACF was set at 25 mm, while the number 
of nodes was set at eight. For detection on PET, the threshold was set at 2.0. We introduced the LibSVM for FP 
reduction [10]; C-SVC with the kernel of the radial basis function was introduced. Image data were processed using in-
house CAD software (Fig. 5) using a 3.06-GHz XEON processor (12 cores) with a 32.0-GB memory. 

 

 
Fig.5 CAD software 
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Figure 6 shows the newly detected tumors using our proposed method, which also detected nodules adjacent to normal 
organs, as opposed to our previous method. 

Figure 7 shows the FROC curves of our proposed method. The true-positive fraction (TPF) for the detection of nodules 
using CT only was 0.810, while the FP/case was 6.1. The combination of CT and PET improved TPF to 0.893, with an 
FP/case of 6.1. Therefore, the sensitivity of our proposed hybrid method was superior to that of individual detection. 

 

 
Fig. 6 Newly detected nodules using our proposed method. The arrows indicate the nodules. 

 

 
Fig.7 FROC curves for CT (red) and PET/CT (blue) detection algorithm. 
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4. CONCLUSIONS 

In this study, we developed a novel lung tumor detection method using PET/CT and the use of ACFs to detect nodules 
that were difficult to identify using previous CAD schemes. Many nodules overlooked using previous methods were 
accurately detected using our proposed method. In summary, our hybrid method involving PET/CT may be useful for 
early and accurate lung tumor detection. 
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