A. Compartmental model
Generally, a kinetic model is a mathematical representation that describes the movement and distribution of molecules between compartments. These compartments can be thought of as virtual chambers where molecules interact and transition. In the context of CNS-PET tracers, reversible kinetic compartment models, such as the reversible 1TCM (1-Tissue Compartment Model) and the 2TCM (2-Tissue Compartment Model), are commonly employed to characterize the pharmacokinetics of these tracers. (1).

1-tissue compartment model (1TCM) (Fig.1)
The total radioactivity concentration Ct in brain is expressed as the sum of two compartments using metabolite-corrected, arterial input functions (Cp) as follows

         ,                        Eq. (1)
where, K1 [mL·cm-3·min-1] represents the rate constant for the transfer of radiotracer from the arterial plasma to the tissue, and k2 [min-1] represents the rate constant for the transfer of radiotracer in the reverse direction. The estimation of these K parameters from this nonlinear equation involves an iterative nonlinear fitting procedure.[image: ]
Fig.1 1-tissue compartment model


2-tissue compartment model (2TCM) (Fig.2)
As depicted in Fig.2, this model comprises four parameters, namely K1 [mL·cm-3·min-1], k2, k3, and k4 [min-1]. The total radioactivity concentration Ct is represented as the sum of three compartments as follows,

.      Eq. (2)
Two compartments in the tissue express two different statuses of the radiotracer concentration of the nondisplaceable (CND [Bq·cm-3]) and specific compartments (CS [Bq·cm-3]). The CS(t) compartment represents radiotracer that is specifically bound to the target molecules and is usually the compartment of interest to be observed. The CND(t) compartment includes free and non-specifically bound radiotracer. For estimation of these K parameters from this nonlinear equation, iterative nonlinear fitting procedure[image: ]
Fig.2 2-tissue compartment model


B. Graphical Analysis and its related Methodology
Graphical analysis, based on linear regression, is also employed for the estimation of VT or the DVR. Instead of using time-consuming nonlinear fitting procedure, graphical analysis is frequently utilized as an alternative method. This approach not only significantly reduces computation time but also offers stable estimation, making it highly practical.

Logan Plot
Using the Logan plot (2) with an arterial plasma input function (Cp) and tissue time-activity curve (TAC) (Ct), VT is calculated as the slope of linear regression, as follows:


,                  Eq. (3)
where b is the intercept term, and t* is the equilibrium time for the regression. 

Multilinear Analysis (MA1)
An alternative approach involves rearranging Eq. (3) into multi-linear form (3), commonly referred to as multilinear analysis (MA1).

              Eq. (4)
1 = –VT/b and 2 = 1/b are estimated by linear regression analysis for t  t*, and VT is calculated as –1 /2.  

LEGA        
According to Ogden et al.(4), Eq. (3) can be rearranged to yield the recursive relationship as follows;

,       Eq. (5)
where C* represents the estimated time–activity curve, and ti is the scan duration of i-th frame. GA becomes available after the frame at tk, which has the same meaning as t* in Eq. (3). The maximum likelihood estimate is derived by minimizing the sum of squared residuals between C*(ti) and a measured tissue time-activitiy curves of C(t) in terms of VT and b. The estimated result of GA is then set to the initial value for LEGA.
	
C. Reference Model
In certain applications, particularly in receptor studies, the arterial input function can be substituted with a reference tissue that lacks specific binding site. A reference tissue refers to an anatomical region where specific bindings are considerable negligible.

Full Reference tissue model (FRTM)
The FRTM (Reference Tissue Model) was developed based on the two-tissue compartment model for the target region (5). This model replaces Cp in Eq.(2) with the radioactivity concentration in the reference region CR assuming that K1/k2 of the target region to the reference region is equal.


          Eq. (6)

The FRTM estimates four parameters though non-linear least squares analysis: the delivery ratio of the target region to the reference region (R1), the clearance rate constant of the target region (k2), as well as k3 and k4.

Simplified reference tissue model (SRTM)
The SRTM (Simplified Reference Tissue Model) (6) calculates the binding potential value by algebraically removing the arterial input function, Cp from the model equations. This is done is under the assumptions that the distribution volume of the non-displaceable compartment in the target and reference regions are equal, and that a target region can be described using the one-tissue compartment model as follows,

          Eq. (7)
where Ct and CR represents the radioactivity concentrations in the target and reference regions, respectively. The SRTM estimates three parameters through non-linear least squares analysis: R1, the clearance rate constant of the target region (k2), and binding potential, commonly referred to as BPND.

Pseudo reference tissue model (PRTM) 
When true reference regions are not available for several PET tracers, the Pseudo reference tissue model (PRTM) (7) is employed. The PRTM designates a region with the lowest specific binding as the reference region and calculates the true binding potential, BPNDT, in the target region using the following the equation.
BPNDT = BPNDR + BPNDM (1+ BPNDR)               Eq. (8)
where BPNDM represents the measured binding potential in the target region when treating a reference region as a true reference region using SRTM. The method assumes that VND in the target and pseudo reference region are equal and that the binding potential at baseline (BPNDR) in the pseudo reference region can be estimated from additional competition studies.
	
D. Other Analysis Method
Spectral Analysis
  Spectral analysis (8) falls under the category of model-free methods, enabling the estimation of the number of compartments within the system. It characterizes the system's impulse response function (IRF) as a positive sum of exponentials.

            Eq. (9)
Basis function is defined as follows;

                        Eq. (10)

 are precalculated with N sets of discrete  values, and the TAC C(t) can be written as follows;

                                       Eq. (11)

[bookmark: _GoBack]The sets of  are linear combinations, and the estimation of  can be achived using non-negative least squares (NNLS) algorithm, assuming non-negative . Discrete sets of  are typically selected within physically and physiologically plausible ranges. To ensure comprehensive coverage of , the range is logarithmically divided. The number of peaks in the spectrum corresponds to the number of compartments within the system.
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