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= Abstract =
Assessment of Quantitative Analysis Methods for Lung F-18-Fluorodeoxyglucose PET

Joon Young Kim, Ph.D.l, Yong Choi, Ph.D.!, Joon Young Choi, M.D.
Sang Eun Kim, M.D.!, Yearn Seong Choe, Ph.D.!, Kyung Han Lee, MD.'
Yong Jin Kim, Ph.D.’ and Byung-Tae Kim, M.D.’

Deptartment of Nuclear Medicine, SungKyunKwan University College of Medicine,
Samsung Medical Center’, Samsung Biomedical Research Institute, Clinical Research Center

Deptartment of Physics, Hanyang Universityz, Seoul, Korea

Purpose: The purpose of this study was to assess the diagnostic accuracy of various quantita-
tion methods using F-18-fluorodeoxyglucose (FDG) in patients with malignant or benign lung
lesion. Materials and Methods: 22 patients (13 malignant including 5 bronchoalverolar cell
cancer; 9 benign lesions including 1 hamartoma and 8 active inflammation) were studied after
overnight fasting. We performed dynamic PET imaging for 56 min after injection of 370
MBq (10 mCi) of FDG. Standardized uptake values normalized to patient’s body weight and
plasma glucose concentration (SUVglu) were calculated. The uptake rate constant of FDG and
glucose metabolic rate were quantified using Patlak graphical analysis (Kpat and MRpat),
three compartment-five parameter model (K5p, MR5p), and six parameter model taking into
account heterogeneity of tumor tissue (K6p, MR6p). Areas under receiver operating charac-
teristic curves (ROC) were calculated for each method. Results: There was no significant
difference of rate constant or glucose metabolic rate measured by various quantitation me-
thods between malignant and benign lesions. The area under ROC curve were 0.73 for
SUVglu, 0.66 for Kpat, 0.77 for MRpat, 0.71 for K5p, 0.73 for MR5p, 0.70 for Kép, and
0.78 for MR6p. No significant difference of area under the ROC curve between these me-
thods was observed except the area between Kpat vs. MRpat (p<0.05). Conclusion: Quan-
titative methods did not improve diagnostic accuracy in comparison with nonkinetic methods.
However, the clinical utility of these methods needs to be evaluated further in patients with
low pretest likelihood of active inflammation or bronchoalveolar cell carcinoma. (Korean J
Nucl Med 1998;32:332-43)

Key Words: FDG-PET, Lung cancer, Standard uptake value, Patlak graphical analysis, 3
compartment model
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Fig. 1. Blood input function was derived using an
ROI drawn over the left artrium (LA).
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Fig. 2. Tissue ROIs used in 6 parameter 2 ROIs
model (6P) and the other methods (5P).
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Fig. 4. Schematic diagrams illustrate the 3 compartment tracer kinetic model (6
parameters 2 ROIs model). Two ROIs are (a) the tumor tissue ROI and
(b) normal tissue ROIL The percent weights of the two cell populations
within the ROI are wi and w;, respectively. Cy(t) is the FDG concen-
tration in the arterial plasma. Ce(t) and Cn(t) represent the tissue con-
centrations of FDG and FDG-6-PO,, respectively. Ki, ka, ks, k4 and Ks,
ke, k7, ks, are the first order rate constants. v; and v, are the vascular
volumes in tumor and normal tissue, respectively.
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Table 2. Areas of Receiver Operating Characteristic (ROC) Curve of Various Quantitative Parameters in
Differentiating Malignant (n=13) or Benign (n=9) Lung Tumors.

SUVy, Kopat MR,y Ks, MRs, Kep MR,
ROC area 0.73 0.66 0.77 0.71 0.73 0.70 0.78
Standard error 0.11 0.12 0.11 0.12 0.11 0.12 0.10

Critical ratio* (z) Kpat, MRy 1.991

Ksp, MRs,: 0.47" Kep, MRgy: 1.59%
P P 14

SUVg,=standardized uptake values normalized to patient’s body weight and plasma glucose concentration

(SUVglu);

Kpat of MRpo=The uptake rate constant (K) of FDG or glucose metabolic rates (MR) quantified using

Patlak graphical analysis; K5, or MRs,=K or MR measured by three compartment-five parameter model; Kep

or MRg,=K or MR measured by six parameter model taking into account heterogeneity of tumor tissue. *: The
critical ratio (z) is assessed whether the difference in the areas under two ROC curve derived from Kpa and
MR, Ksp and MRs,, Ko, and MRy, is significant or not. t. p<0.05, ¥ not significant.
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Fig. 5. FDG uptake constants were obtained for (a) malignant tumor tissue and (b) benign tumor tissue using
the Patlak grapical analysis. The x and y coordinates of the graph are the normalized time and counts,
respectively. Parameter 1 and 2 are the slope of plot (K, and y-intercepts, respectively.
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Fig. 6. 5 parameters and uptake constants (Ks,) were obtained for (a) malignant tumor tissue and (b) benign

tumor tissue using 3 compartment model (5 parameter model). The smooth line through the tissue
kinetic data is the 5 parameter model fit to the data. Parameter 1 to 5 represent K;, ks, ks, ks, and
vascular volume. Others are statistical numerics and initial value of parameter.
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Fig. 7. 6 parameters and uptake constants (Kg) were obtained for (a) malignant tumor tissue and (b) benign
tumor tissue using 3 compartment model (6 parameter 2 ROIs model). The smooth line through the
tissue kinetic data is the 6 parameter 2ROIs model fit to the data. Parameter 1 to 6 represent (1-w2)Ki,

k2, ki, ks, vi-wavy, and wo.
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