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Supplementary Results 
Using an alternative reference region to further explore the upregulation model 

Because of the unusual nature of the upregulation finding in the human NBI-750142 study 
(Supplemental Figure 2), an additional post hoc image analysis was performed to address potential 
artifacts. Although in vitro VMAT2 expression in the occipital cortex is significantly lower than that in the 
striatum [1], even a small amount of displaceable signal in a reference region could affect measured 
occupancy. White matter (WM) exhibits negligible VMAT2 expression and has previously been 
suggested as a reference tissue for VMAT2 quantification by PET [2]. Therefore, we explored cerebral 
WM tissue as a reference region to derive BPND values and determine a PK-%TO relationship. Dynamic 
[18F]AV-133 data were fit well with a WM-derived input function, and yielded BPND and ∆BPND values that 
were highly correlated with the occipital lobe-derived values, but numerically higher (data not shown). 
WM-derived BPND values from T1 scans were well-fit by an Emax model, similarly to occipital cortex-
derived BPND values, giving a total NBI-750142 EC50 of 24.8 ng/mL (data not shown). The addition of T2 
data points to the model did affect the shape of the curve, although visually much less than for the 
occipital cortex-derived BPND analysis (Supplementary Fig 2C and 2D). With WM as reference region, the 
AIC was very similar for the Emax and upregulation models (Supplementary Table 1).  

 

Supplementary Discussion 

Reference region effects on negative occupancy and “upregulation” 

 In our human NBI-750142 human PET study, the total dataset (T1 and T2) appeared to be better 

fit with an upregulation model than with a parsimonious Emax model when using occipital cortex as a 

reference region. However, when using a WM reference, there was less difference between Emax and 

upregulation models. Although the average striatal occupancy for the T2 time points was close to zero 

for the WM-derived values (0.09%), several subjects still exhibited negative occupancy values at doses 

where some positive occupancy would be expected. While this result could reflect normal variability, it 

is also possible that the negative occupancy reflects a true physiological process that is unaccounted for 

in our current models. It is also important to note that although WM-derived BPND values were highly 

correlated with occipital-derived values, WM has not been previously validated as a reference region to 

quantify [18F]AV-133 binding using the gold standard arterial input function. Future work with arterial 

sampling would be useful to characterize the bias associated with a WM reference region approach.  
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Supplementary Figures 

 
Supplementary Fig. 1 Timing of T1 and T2 PET scans relative to NBI-750142 human pharmacokinetic 

data. Plasma samples were collected from subjects throughout the PET study after oral administration 

of NBI-750142, and concentration of NBI-750142 was measured. Data from subjects receiving the same 

mg dose were pooled and graphed (mean with SEM), with nominal time plotted on the x-axis. Arrows 

indicate the start and finish of each 2-hour dynamic PET scan. There were two PET scans for each subject 

at the first (T1) and second (T2) timepoints. 
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Supplementary Fig. 2  NBI-750142 human PET including both T1 and T2 values. Reanalysis of the NBI-

750142 human PET study using two different reference regions (REF) and two different models to fit the 

PK-occupancy relationship. a The occipital lobe reference region, with the Emax model. b The occipital 

lobe reference region, with the upregulation model. c The white matter (WM) reference region, with the 

Emax model. b The WM reference region, with the upregulation model. Parameters from the model fits 

are shown in each panel. 
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Supplementary Fig. 3  NBI-751508 non-human primate PET. a Chemical structure of NBI-751508. b 

Relationship between mg/kg dose of NBI-751508 administered to NHP and matching % target occupancy 

(%TO). c NBI-751508 concentration in plasma measured at multiple time points relative to injection of 

the [18F]AV-133 radiotracer in each individual NHP. Arrows depict the start and finish of the 120-minute 

PET scan. d Relationship between average total NBI-751508 concentration and %TO. e Relationship 

between average free NBI-751508 concentration and %TO. Free NBI-751508 was determined by 

multiplying the total compound concentration by the fraction unbound in plasma (fu_p). In panels b, d, 

and e, an Emax model was applied to the data, with the appropriate potency parameter defined in the 

panel. 
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Supplementary Tables 
 

Supplementary Table 1. Model fit parameters for two models using PET data from two different 

reference regions. 
 

T1 and T2 

Reference region Upregulation model Emax model 
 

EC50 URF AIC RSE EC50 AIC RSE 

Occipital Cortex  

(Defined a priori) 
6.3 2.8 195 12.7 35 204 15.8 

White Matter  

(Used post hoc) 
11 1.9 178 9.0 31 180 9.2 

Abbreviations: AIC, Akaike Information Criteria; RSE, residual standard error; URF, upregulation factor. 

 

 

Supplementary Table 2. Test-Retest in 2 cynomolgus monkeys. 

Identification 

Numbers 
A7701 A7702 

Region 
Baseline 

BPND 1 

Baseline 

BPND 2 
%TRTV 

Baseline 

BPND 1 

Baseline 

BPND 2 
%TRTV 

Caudate 4.16 3.90 6.6 4.83 4.93 -1.9 

Putamen 6.37 5.85 8.4 6.33 6.44 -1.7 

Abbreviations: %TRTV, percent test-retest variability; BPND, non-displaceable binding potential, 

measured in two independent baseline PET scans.  
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