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Materials and methods
Dynamic PET/CT data acquisition and images reconstruction
[bookmark: _Hlk124947558]This PET acquisition protocol consisted of two steps: (1) a 6-min single-bed list-mode cardiac dynamic PET acquisition with scan region containing organs such as heart, liver and most importantly aorta, 26 passes in total (12 × 5 s, 6 × 10 s, 8 × 30 s), this step extracted the input function (IF) from the blood pool region; (2) a 65-min WBD PET scan in continuous bed motion mode (CBM) consisting of 16 passes (5 × 120 s, 11 × 300 s), the procedure generates both standard static SUV image and additional parametric images (MRFDG and DVFDG). The conventional static clinical PET images were reconstructed using the last three dynamic PET frames (60 to 75 min after injection), being equivalent to standard [18F]-FDG PET/CT starting 60 min after injection with a 15-min acquisition time. The raw dynamic PET data were reconstructed using ordered subsets expectation maximization (OSEM), reconstruction parameters: OSEM True X + TOF, 4 iterations, 5 subsets, 220 matrices, with relative scatter correction and no Gaussian post filtering. 
[bookmark: _Hlk125147848]Two-tissue compartment model and Patlak model
[bookmark: OLE_LINK50][bookmark: OLE_LINK51]A two-tissue compartment model is the standard methodology for the quantification of dynamic [18F]-FDG studies (Fig. S1). The application of the model allows the extraction of kinetic micro-parameters K1, k2, k3 and k4 that describe the catabolism process of FDG. The compartmental transfer rates, K1 reflects the transport of [18F]-FDG from blood to tissue and k2 represents its reverse transport, while k3 describes the phosphorylation (from [18F]-FDG to [18F]-FDG-6-phosphate) rate and k4 the dephosphorylation rate of the tracer. As a result of the unidirectional uptake of [18F]-FDG in most tissues (including tumors), the transfer rate k4 is generally considered to be negligible (i.e., k4 = 0), with irreversible trapping in tissue as [18F]-FDG-6PO4. 
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Suppl. Fig. 1 Schematic representation of the two-tissue compartment model applied for [18F]-FDG. Cp is the [18F]-FDG concentration in blood plasma, i.e., the input function. C1 and C2 represent the concentration of free FDG and metabolized FDG ([18F]-FDG-6PO4) in tissue, respectively. K1, k2, k3 and k4 are the kinetic parameters that describe compartmental transfer rates of [18F]-FDG.

The direct reconstruction of multiparametric images is based on the Patlak model, Patlak model is a graphical analysis technique that has been extensively validated for quantitative analysis of PET/CT. It converts the time-consuming nonlinear estimation of the kinetic micro-parameters to linear regression to determine the macro-parameters. Patlak analysis requires a full input function and tissue time-activity curves (TTACs) measured by PET. In our study, TTACs were extracted from the VOIs delineated on lung lesions during each scan, while IF was extracted from the descending aorta, as it is less affected by cardiac and respiratory motion. The Patlak model is derived from the compartment model for tracers that are irreversibly trapped in the target tissue, the following equation was used to construct the Patlak plots and to generate the linear regressions:

Cp is the [18F]-FDG concentration in blood plasma, i.e., the input function. CT expresses the total activity in the target tissue and it is the sum of the concentrations of C1 and C2, C1 and C2 represent the concentration of free FDG and metabolized FDG ([18F]-FDG-6PO4) in tissue, respectively. In the formula, t is the time of [18F]-FDG injection. This model estimates the Patlak slope (Ki) that represents the net influx rate constant, and the Patlak intercept (DV), which is the apparent distribution volume of non-metabolized tracer in tissue. The Patlak equation is applied voxelwise so that multiparametric images of slope (MRFDG) and intercept (DVFDG) are produced. While the tracer equilibrium has been reached between blood and tissue after some time, the two-tissue irreversible compartment is fitted to the uptake data, Ki can be derived from the equation as follows: Ki = (K1 × k3) / (k2 + k3). Moreover, MRFDG can be calculated using the patient's measured blood glucose by the following formula: MRFDG = Ki × blood glucose.
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Suppl. Fig. 2 Case of a 73-year-old female patient diagnosed as invasive adenocarcinoma (red arrows) by bronchoscopic biopsy, and the tumor had spread to multiple lymph nodes (white arrows). The tumor and its metastases exhibit high uptake of FDG on MRFDG image (A) and SUV image (C), while low uptake of FDG is shown on DVFDG image (B), or even partially absent. Lung lesion (D) and metastatic lymph nodes in the posterior mediastinum (E) are hypermetabolic on MRFDG fusion image and SUV fusion image, with almost no free FDG present.
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Suppl. Fig. 3 Comparison of the differences in semi-quantitative indices (A-C) and quantitative indices (D-E) between benign and malignancy group. Scatter plots provide lower to upper quartiles (P25 to P75), the median (middle line), and the outliers.
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Suppl. Fig. 4 Correlations between MRmax and SUVmax values based on Patlak. The regression lines represent the line of best fit. Positive correlations between MRmax and SUVmax values in both benign and malignant groups were observed.
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