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Abstract 

Purpose: To demonstrate the characteristics of high-contrast tumor lesions on total-body dynamic 

positron emission tomography (dPET) parametric images qualitatively and quantitatively. 

Method: We reported the results of Patlak parametric images based on total-body dPET images of 

four patients with different types of tumor lesions. The contrast-to-noise ratios (CNRs) of the target 

tumor lesions were calculated with respect to hypermetabolic tissues, including the liver and 

ventricles, both on static PET and parametric images. 

Results: Visual comparisons between the last frame of total-body dPET images and the generated 

parametric images illustrated the higher contrast of tumor lesions relative to other tissues in the 

patients. Visualization of the tumor lesions was reserved, while that of the livers and ventricles was 

diminished. The parametric images resulted in higher CNR values for the tumor lesions with respect 

to livers and ventricles compared to those given by dynamic PET images. The results were 

consistent in all the cases analyzed in this study. 

Conclusion: Patlak parametric imaging provides the valuable characteristic of higher contrast for 

tumor lesions than hypermetabolic tissues, which helps in the clinical detection and diagnosis of 

tumor tissues. 
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Introduction 

Dynamic positron emission tomography (dPET) using 18F-FDG has been reported as a useful 

medical imaging tool for the clinical diagnosis, staging and therapy monitoring of various cancers[1, 

2]. However, many studies have revealed the limitations of clinical analysis based on PET images 

that provide the concentration radiotracer activity or standardized uptake values (SUVs), e.g., high 
18F-FDG accumulation can also be detected in hypermetabolic healthy tissues, which may lead to 

false-positive diagnostic conclusions or unprecise tumor lesion localizations[3-7]. Parametric 

imaging based on dPET data (dynamic scanning data of reconstructed dynamic images) is expected 



to be an important graphical analysis technique for the extended application of dPET that takes the 

advantages of dPET over static PET[8-13]. The ability of parametric images to reveal enhanced 

tumor regions has been reported based on multibed whole-body dPET images[11]. In this study, we 

report the results of parametric imaging based on total-body dPET images of four oncological 

patients to investigate the clinical relevance of Patlak parametric imaging, which offers higher 

contrast for lesions with respect to hypermetabolic tissues such as the liver and ventricles, for more 

precise tumor lesion detection and oncological diagnosis. 

Method and materials 

Image acquisition 

All dPET images in the current study were acquired using a total-body PET/computed 

tomography (CT) scanner (uEXPLORER, United Imaging Healthcare, China) with an acquisition 

time of 1 hour immediately after an intravenous injection of 18F-FDG at doses of 2.95, 2.87, 2.02 

and 3.02 MBq/kg. The corrected dynamic projection data were divided into 30 frames (5 s × 6, 10 

s × 3, 30 s × 42, 60 s × 5, 180 s × 4 and 300 s × 8), and the dynamic images were reconstructed via 

3D time-of-flight (TOF) list-mode ordered-subsets expectation maximization (OS-EM) with 3 

iterations and 20 subsets. The images were reconstructed into 192 × 192 × 673 matrices with a field 

of view (FOV) of 600 mm and a slice thickness of 2.886 mm. 

Clinical diagnostic information 

The imaging analysis was based on the total-body dPET images of 4 patients with different 

types of tumor lesions: patient #1: a huge lesion with a maximum SUV of 17.4 was observed in the 

superior lobe of the right lung, and the diagnostic conclusion was a sarcomatoid carcinoma of the 

right lung accompanied by lymph node metastasis; patient #2: soft tissue lesion with a maximum 

SUV of 3.1 was seen in the superior lobe of the left lung, indicating lung adenocarcinoma; patient 

#3: soft tissue lesion with a maximum SUV of 16.8 was seen in the superior lobe of the right lung, 

indicating invasive lung adenocarcinoma, and no metabolically abnormal lymph nodes were 

detected; and patient #4, the middle and lower esophagus showed remarkably increased metabolism 

and simultaneously, swollen lymph nodes were seen in the mediastinum, which was diagnosed as 

esophageal adenocarcinoma accompanied by lymph node metastasis. The diagnoses of all of the 

above patients were pathologically confirmed by biopsy or surgery. 

Blood input function 

The blood input function 𝐶𝐶𝑝𝑝(𝑡𝑡) was extracted from a 4 × 4 × 4 volume of interest (VOI) in 

the thoracic aorta of every dPET image series. The extracted input functions were processed to 

guarantee that no remarkable noise existed in the curves. 

Parametric analysis 

The parametric images were calculated using the Patlak linear graphical model[14] based on 

the effective time frames, which was defined as the frames corresponding to the monotonously 

descending section of the processed blood input function. The applied Patlak model is shown in Eq. 

1: 

 
𝐶𝐶(𝑡𝑡)𝐶𝐶𝑝𝑝(𝑡𝑡) = ∫ 𝐶𝐶𝑃𝑃(𝜏𝜏)𝑡𝑡𝑡𝑡𝑒𝑒 𝑑𝑑𝜏𝜏𝐶𝐶𝑃𝑃(𝑡𝑡) ∙ 𝑘𝑘 + 𝑏𝑏        (1) 

where 𝐶𝐶(𝑡𝑡) is the measured time-activity curve (TAC) of a voxel, and 𝑡𝑡𝑒𝑒 is the reference time 

point corresponding to the first effective frame. The goal of parametric imaging in this study was to 



calculate the slope of the voxel-level Patlak plot (1), 𝑘𝑘, which represents the metabolic flux of the 

tracer, based on the measured TAC, 𝐶𝐶(𝑡𝑡), of every voxel and the blood input function, 𝐶𝐶𝑝𝑝(𝑡𝑡). The 

characteristic of high contrast for the tumor lesions with respect to hypermetabolic tissues on the 

parametric image is illustrated by a quantitative index, CNR[15], which is calculated by 

 𝐶𝐶𝐶𝐶𝐶𝐶 = 𝑉𝑉𝑉𝑉𝑉𝑉�����𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡−𝑉𝑉𝑉𝑉𝑉𝑉�����𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎�𝜎𝜎𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡2+𝜎𝜎𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎2 ,       (2) 

where 𝑉𝑉𝑉𝑉𝑉𝑉�����𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 and 𝑉𝑉𝑉𝑉𝑉𝑉�����𝑛𝑛𝑡𝑡𝑡𝑡𝑡𝑡𝑛𝑛𝑛𝑛 are the mean image intensities of manually selected VOIs of the 

tumor lesions and the compared normal hypermetabolic tissues, including the liver and ventricles, 

respectively. 𝜎𝜎 denotes the standard deviation of the corresponding VOIs. 

Results and discussion 

A visual comparison between the PET images and Patlak parametric images for the four studied 

patients is given in Figure 1, in which the last frame of the dynamic PET images, corresponding to 

a frame duration of 300 s acquired 50-55 minutes after the injection of 18F-FDG, is on the left, and 

the parametric image calculated based on the Patlak model is on the right. Remarkable differences 

between these two images are observed for the hypermetabolic tissues, including the liver and heart, 

whose signals are strong in the PET images but significantly suppressed in the parametric images, 

resulting in improved visualization and enhanced contrast of the tumor lesions. This is more clearly 

observed for the lesion with a relatively low glucose metabolism level (Patient #2 with lung 

adenocarcinoma): the lesion was not obvious on the PET image compared to the liver and the 

adjacent aorta, while it can be clearly identified in the parametric image. The quantitative result 

shown in Figure 2 of the CNR of the lesion to the liver and the ventricle further demonstrates this 

characteristic of parametric PET images. Higher CNR values were observed with the parametric 

 

Fig. 1 Visual comparisons between the last frame of dPET images and the generated parametric image. For all 

four cases shown, the PET image is given on the left, and the Patlak parametric image is on the right. The 

transverse images represent the slices indicated by the white dashed lines in the corresponding coronary images. 



images for all of the tumor lesions in this study, especially for patient #2. 

Conclusion 

In this study, we reported the results of Patlak parametric images based on total-body dPET 

images of four oncological patients. The visual comparisons between the PET images and the 

parametric images, as well as the calculated CNR results, demonstrated that the parametric images 

can offer improved contrast for the lesions with respect to hypermetabolic tissues. such as the liver 

and ventricles; this can be characteristic of parametric images can be valuable in terms of 

oncological diagnosis and lesion visualization. 
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