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ABSTRACT 

 
Background: Neuroinflammatory reaction in Alzheimer’s disease (AD) brains involves reactive 

astrocytes which overexpress monoamine oxidase-B (MAO-B). 18F-SMBT-1 is a novel F-18 PET tracer 

highly selective for MAO-B. We characterized the clinical performance of 18F-SMBT-1 PET across the 

Alzheimer’s disease (AD) continuum as a potential surrogate marker of reactive astrogliosis 

Methods: We assessed 18F-SMBT-1 PET regional binding in 77 volunteers (76±5.5 y.o.; 41F/36M) 

across the AD continuum: 57 cognitively unimpaired controls (CN, 44 A- & 13 A+), 12 mild cognitively 

impaired (MCI, 9 A- & 3 A+), and 8 AD dementia patients (6 A+ and 2 A-). All participants also 

underwent A and tau PET imaging, 3T MRI and neuropsychological evaluation. Tau imaging results 

were expressed in standard uptake value ratios (SUVR) using the cerebellar cortex as reference region, 

while A burden was expressed in Centiloids. 18F-SMBT-1 outcomes were expressed as SUVR using the 

subcortical white matter as reference region.  

Results: 18F-SMBT-1 yielded high contrast images at steady state (60-80 min after injection). When 

compared to A-CN, there were no significant differences in 18F-SMBT-1 binding in the A-MCI group. 

Conversely, 18F-SMBT-1 binding was significantly higher in several cortical regions in the A+AD group, 

but also was significantly lower in mesial temporal and basal ganglia. Most importantly, 18F-SMBT-1 

binding was significantly higher in the same regions in A+CN when compared to A-CN. When all clinical 

groups were considered together, 18F-SMBT-1 was highly correlated with A burden, and much less with 

tau burden. While in most cortical regions 18F-SMBT-1 was not correlated with brain volumetrics, regions 

known for high MAO-B concentrations presented a direct association with hippocampal and grey matter 

volumes, while the occipital lobe was directly associated with white matter hyperintensities.  18F-SMBT-1 

binding was inversely correlated with MMSE and AIBL PACC in some neocortical regions such as the 

frontal cortex, lateral temporal and supramarginal gyrus. 

Conclusions: Cross-sectional human PET studies with 18F-SMBT-1, showed that A+AD, but most 

importantly, A+CN have significantly higher regional 18F-SMBT-1 binding than A- CN. Moreover, in 

several regions in the brain, 18F-SMBT-1 retention was highly associated with A load. These findings 

suggest that increased 18F-SMBT-1 binding is detectable at the preclinical stages of A accumulation, 

providing strong support for its use as surrogate marker of astrogliosis in the AD continuum. 
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INTRODUCTION 
 

The neuropathological hallmarks of Alzheimer’s disease (AD), neurofibrillary tangles (NFT) of tau protein 

and amyloid- (A) plaques, are accompanied by reactive gliosis, cellular degeneration, and diffuse 

synaptic and neuronal loss. (1) Astrocytes are the most abundant glial cells in the brain and are involved 

in several functions critical for the normal functioning and preservation of brain homeostasis (2,3) Loss 

of these regulatory and compensatory mechanisms in astrogliosis likely translates in an increased 

vascular-related vulnerability state, (4) affecting the brain’s ability to compensate for the accumulating A 

and tau pathology burden and impaired cerebrovascular function in AD. The complex spectrum of toxic 

and protective pathways (5,6) of reactive astrogliosis, play a crucial role in the pathophysiology of AD (7-

9) and other neurodegenerative conditions. (10-16) Reactive astrogliosis and microgliosis have been 

observed around both dense-core A plaques and neurofibrillary tangles, and they are believed to 

contribute greatly to neurodegeneration throughout the course of AD (9,17). In contrast to microgliosis 

(18) reactive astrogliosis occurs early in the disease, (19) and is a particularly attractive target for 

understanding its contribution to the development of AD dementia and, as such, a potential therapeutic 

target for AD (20).  

 

Reactive astrocytes overexpress monoamine oxidase B (MAO-B), (21) and molecular 

neuroimaging studies have employed MAO-B tracers such as 11C-L-deprenyl-D2 (11C-DED) and 11C-

SL25.1188 (22,23) as surrogate markers of astrogliosis. (15,19,24-26) Some of these studies have 

shown that reactive astrogliosis is observed at the prodromal stages in both sporadic and familial AD. 

(19,24) 11C-BU99008 a tracer for the imidazoline 2 binding sites —with some partial binding to MAO-B 

(27)—  has also been proposed as a surrogate marker of astrogliosis. (28,29) Unfortunately, these tracers 

are labeled with 20-min half-life C-11 preventing widespread clinical or research applications. 

 

A novel F-18 MAO-B tracer [18F](S)-(2-methylpyrid-5-yl)-6-[(3-fluoro-2-hydroxy)propoxy]quinoline 

(18F-SMBT-1), with high in vitro binding affinity (KD=3.5 nM) and selectivity to MAO-B, has been recently 

developed (30). Comparison of in vitro 18F-SMBT-1 binding against MAO-B activity showed SMBT-1 

binding to be highly correlated with the regional activity of MAO-B in AD brain tissue homogenates (30). 

Autoradiography analysis showed significantly higher specific binding in the frontal cortex tissue section 

from an AD patient compared to control (30), which was completely displaced by the selective MAO-B 

inhibitor lazabemide (30).  
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In first-in-human studies, (31) 18F-SMBT-1 showed robust entry into the brain and reversible 

binding kinetics, where quantitative and semiquantitative measures of 18F-SMBT-1 binding were highly 

associated. More than 85% of 18F-SMBT-1 signal was blocked by selegiline across the brain indicating 

high selectivity for MAO-B and low non-specific binding. 18F-SMBT-1 regional binding followed the known 

regional brain distribution of MAO-B (R2=0.84), while also capturing the known MAO-B increases with 

age. (R2>0.94), suggesting 18F-SMBT-1 can potentially be used as a surrogate marker of reactive 

astrogliosis in AD. 

 

The aim of this study was to characterize 18F-SMBT-1 binding across the AD continuum, 

assessing its relation to A and tau pathology burden, as well as brain volumetrics, white matter 

hyperintensities (WMH) and cognitive performance. 

 

 

MATERIALS AND METHODS 

 

Participants 

A total of 77 non-smoking elderly participants (76±5.5 y.o. age range 58-89; 40F/35M)  were 

included in the study: 57 cognitively unimpaired controls (CN) 12 subjects meeting criteria for mild 

cognitive impairment (MCI) (32), and 8 subjects meeting NINDS-ADRDA and NIAA-AA criteria for AD 

(33). Subjects with AD and MCI were recruited from Memory Disorders Clinics. Cognitively normal 

subjects were recruited by advertisement in the community. Some participants (46 CN, 6 MCI and 4 AD) 

were included in a previous study. (31) 

All participants were screened for unstable medical and/or psychiatric disease and concomitant 

medication. Participants with known use MAO-B inhibitors or with a diagnosis of a psychiatric disorder 

were excluded from the study. For participants with a recognized memory impairment, this information 

was collected from a next of kin or caregiver. The study protocol was approved by the Austin Health 

Human Research Ethics Committee, and all participants gave written informed consent. 

 

A detailed neuropsychological evaluation is provided in Supplementary materials 
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Image Acquisition 

PET 

All SMBT-1 PET scans were acquired on the Philips TF64 PET/CT. A and tau PET scans were 

acquired on one of two scanners, a Philips TF64 PET/CT or a Siemens Biograph mCT. A low dose CT 

was obtained for attenuation correction.  

 

18F-SMBT-1 imaging 

All 77 participants underwent 18F-SMBT-1 PET. As previously reported (31), 10 non-demented 

participants (4 CN and 6 MCI) underwent a 90 min dynamic scanning after intravenous bolus injection of 

185 MBq (±10%) of 18F-SMBT-1. The remaining 67 participants received an intravenous bolus injection 

of 185 MBq (±10%) of 18F-SMBT-1 and a 20-minute emission scan (4 x 5 min) starting at 60 minutes post 

injection.  

 

18F-SMBT-1 was synthesized in-house in the Department of Molecular Imaging & Therapy, Austin 

Health, using as previously described (31) 18F-SMBT-1 yielded a greater than 95% radiochemical purity 

after HPLC purification, with an average decay-corrected radiochemical yield of 40% and the molar 

activity at the end of 18F-SMBT-1 synthesis >400 GBq/µmol.  

 

A imaging 

All 77 participants underwent A PET imaging with either 18F-Flutemetamol (FLUTE, n=3), 

Florbetapir (FBP, n=2) or 18F-NAV4694 (NAV, n=72) to ascertain A status. NAV and FBP were 

synthesized in-house in the Department of Molecular Imaging & Therapy, Austin Health, as previously 

described. (34,35) FLUTE was manufactured by Cyclotek Pty Ltd, (www.cyclotek.com). The NAV and 

FBP PET scan acquisitions consisted of a 20 minute (4 x 5 min) dynamic scans acquired at 50 minutes 

after an intravenous bolus injection of 200 MBq (±10%) of NAV or FBP. Similarly, the participants who 

received FLUTE PET scans also underwent a 20-minute (4 x 5 min) acquisition starting at 90 minutes 

after injection of 185 MBq (±10%) of FLUTE. All A imaging results were expressed in Centiloids (CL). 

(34-38). In a subset of participants (n=31) that had available longitudinal A imaging data, rates of A 

accumulation –expressed as CL/yr- were generated from the linear regression of the data as previously 

described. (39) 

 

Tau imaging 

Seventy-four participants underwent tau imaging with either 18F-MK6240 (n=70) or 18F-PI2620 

(n=2). Both tau imaging tracers were synthesized in-house in the Department of Molecular Imaging & 
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Therapy, Austin Health, as previously reported. (40,41) The 18F-MK6240 PET scan acquisition consisted 

of a 20 minute (4 x 5 min) dynamic scans acquired at 90 minutes after an intravenous bolus injection of 

185 MBq (±10%) of 18F-MK6240. The 18F-PI2620 PET scan acquisition consisted of a 20 minute (4 x 5 

min) dynamic scans acquired at 80 minutes after an intravenous bolus injection of 200 MBq (±10%) of 

18F-PI2620. All tau imaging results were expressed as standard uptake value ratios (SUVR) using the 

cerebellar cortex as reference region. A meta-temporal region, comprising the entorhinal cortex, 

amygdala, hippocampus, parahippocampal gyrus, fusiform gyrus, inferior and middle temporal gyri, –

adapted from (42)– was used to determine tau status (T) and for the correlational analysis.  

 

MRI 

Seventy-three participants underwent a structural magnetic resonance imaging (MRI) on a 

Siemens 3-T TIM Trio scanner (Siemens Medical Solutions) to obtain high-resolution T1-weighted 

anatomical magnetization prepared rapid gradient echo (MPRAGE) and fluid-attenuated inversion 

recovery (FLAIR) sequences.  

 

Image Analysis 

A and tau PET scans were spatially normalized using CapAIBL. (38) The standard Centiloid (CL) 

method was applied to determine A burden. (36) A threshold of 20 CL was used to categorize 

participants as high A (A+) or low A (A-) (43). Thresholds of 1.19 SUVR for 18F-MK6240 and 1.20 

SUVR for 18F-PI2620 in the meta-temporal composite region (42) were used to categorize participants 

as high tau (T+) or low tau (T-). As previously described (31), assessment of the stability of potential 

reference regions for 18F-SMBT-1 across age and across groups showed no associations with age, but 

the cerebellar cortex was significantly higher in A+ CN when compared to A- CN, precluding its use as 

reference region. Therefore, 18F-SMBT-1 regional standard uptake values (SUV) at 60-80 min post 

injection were normalized using the subcortical white matter (SWM) as reference region to generate 

semiquantitative tissue ratios/SUVR. 18F-SMBT-1 PET images were spatially normalized using CapAIBL, 

and no correction for partial volume effects (PVE) was applied. 

  The T1 weighted MPRAGE images for all participants were first segmented into grey matter (GM), 

white matter (WM)  and cerebrospinal fluid using an implementation of expectation maximization 

algorithm (44), and subsequently used to measure hippocampal (HV), GM, WM and ventricular volumes. 

The hippocampus ROI was extracted using a multi-atlas approach based on the Harmonized 

Hippocampus Protocol (45). Cortical volumes were normalized by Total Intracranial Volume (TIV).  The 

WMH volume was quantified from FLAIR images using the HyperIntensity Segmentation Tool (46). 
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Statistical analyses 

All statistical analyses were performed with JMP Pro 16.0 for Macintosh (JMP® Pro Version 16, 

SAS Institute Inc., Cary, NC, 1989-2021). Data are presented as mean ± standard deviation (SD) unless 

otherwise stated. Statistical evaluations between groups were performed using Tukey honest significance 

test followed by a Dunnett’s test against A- CN. Effect size was measured with Cohen’s d.  Correlations 

were assessed by Spearman and Pearson correlation coefficients. Vertex-wise correlations between 18F-

SMBT-1 and A and tau imaging were performed with CapAIBL. The two participants that underwent tau 

imaging with 18F-PI2620 were excluded from the correlational analysis. Group comparisons 18F-SMBT-1 

and correlation between SMBT-1 and A or tau burdens were adjusted for age and sex. Correlations 

between 18F-SMBT-1 and brain volumes were adjusted for age, sex, and also to A and tau burdens. 

Correlations between 18F-SMBT-1 and cognitive parameters were also adjusted to age, sex, hippocampal 

volume, and A and tau burdens. Significance was set at p<0.05, uncorrected for multiple comparisons. 

 

RESULTS 

Table 1 shows the demographics of the clinical groups. There were no significant differences in 

age, between the clinical groups. The MCI group had twice the proportion of males in contrast to the CN 

and AD group that had more females than males. The MCI and AD groups had significantly less years of 

education. As expected, the MCI and AD groups presented with significant worse cognitive performance 

when compared to CN. (Table 1) The AD group had significantly more atrophic hippocampi and cortical 

GM, more extensive WMH, higher A and tau burdens, as well as a higher prevalence of APOE4. (Table 

1). Demographics of participants classified by A status is provided in Supplementary Table 1. 

 

18F-SMBT-1 yielded high contrast SUV images at steady state (60-80 min after injection). Figure 

1 shows representative 18F-SMBT-1 images from A- CN, A+ CN, A- MCI, A+ MCI and A+ AD 

subjects. When comparing the clinical groups against the CN group, 18F-SMBT-1 binding was significantly 

higher in several regions in the AD (including the two A- “AD” subjects) group, namely posterior 

cingulate, supramarginal gyrus and lateral occipital, but also was significantly lower in globus pallidus, 

hippocampus and parahippocampal gyrus. 

 

Then the clinical groups were classified based on their A status. Of the 57 CN, 44 were A- and 

13 A+. Of the 12 MCI, 9 were A- and 3 A+, while of the 8 probable AD patients 6 were A+ and 2 A-

. When compared to A- CN, there were no significant differences in 18F-SMBT-1 binding in either the 

A- MCI and A- AD group. (Supplementary Table 2) In contrast, when compared to A- CN,  18F-SMBT-
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1 binding was significantly higher in several cortical regions in the A+ AD group, (Figure 2) namely 

posterior cingulate, supramarginal gyrus, lateral occipital, gyrus angularis and primary visual cortex but 

also was significantly lower in globus pallidus and hippocampus, with Cohen’s effect sizes (d) ranging 

from 2.65 and 2.36 in lateral occipital and supramarginal gyrus, respectively, to -1.66 and -1.88 in 

hippocampus and globus pallidus, respectively. (Supplementary Table 2) Several regions were also 

significantly higher in A+ CN when compared to A- CN. (Figure 2) In addition to posterior cingulate, 

supramarginal gyrus, lateral occipital –the same regions with high binding in A+ AD– 18F-SMBT-1 

binding was also significantly higher in orbitofrontal, lateral and inferior temporal gyri. 18F-SMBT-1 binding 

was also significantly lower in the globus pallidus. (Supplementary Table 2) The effect sizes (d) ranged 

from 1.21 and 1.00 in supramarginal gyrus and lateral temporal, respectively, to -1.29 in globus pallidus. 

(Supplementary Table 2) Similar regions, like the supramarginal gyrus, showed higher 18F-SMBT-1 

binding in the A+ MCI group, but none reached significance. (Figure 2)  

 

When all clinical groups were considered together, 18F-SMBT-1 PET was highly correlated with 

A burden and much less with tau burden. (Table 2) Figure 3A shows that this close regional relationship 

between A deposition and astrogliosis is only present in some regions of the brain like the supramarginal 

gyrus, posterior cingulate, lateral occipital and inferior and middle temporal gyri while it is much lower in 

other regions also characterized by high A deposition such as the frontal cortex, and relatively absent 

in superior temporal gyrus. When further exploring the relationship between 18F-SMBT-1 and A we 

observed that a non-linear fit seems to better describe the relationship between 18F-SMBT-1 and A in, 

for example, the supramarginal gyrus where the 18F-SMBT-1 signal seems to be increasing before A 

becomes abnormal. (Supplementary Figure 1) This relationship was not affected after adjusting for age, 

WMH and hippocampal volume. There were no correlations between 18F-SMBT-1 and A in brain regions 

with high density of MAO-B such as the anterior cingulate gyrus and the mesial temporal lobe (MTL). 

Further, in the basal ganglia, the region with the highest density of MAO-B in the brain, 18F-SMBT-1 was 

inversely correlated with A. (Table 2) A similar picture was observed when 18F-SMBT-1 was correlated 

with tau in the meta-temporal region, although the associations were less extensive (Figure 3B) and 

reached lower significance levels than with A. (Table 2) When examining the relationship between 18F-

SMBT-1 and A accumulation in a subset of participants (n=31) that had available longitudinal A imaging 

data, a significant association was observed in the temporal lobe (lateral and inferior temporal). (Table 

2) Trend levels (p<0.09) were also observed in the parahippocampus, temporooccipital and 

supramarginal gyrus regions. (Table 2) 
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When all clinical groups were considered together, A and tau burdens were highly associated 

with HV and GM volumes. (Supplementary Table 3) Overall, sex was the major contributor to the variation 

in GM volumes, while age was the major contributor to the variation in WMH. A few associations survived 

after co-variate adjustment. 18F-SMBT-1 binding in the supramarginal gyrus and lateral occipital were 

inversely associated with GM (r=-0.28, p=0.017) and HV (r=-0.28, p=0.016), respectively, 

(Supplementary Table 3) Conversely, 18F-SMBT-1 binding in the hippocampus was significantly 

associated with HV (r=0.34, p=0.003), cortical GM (r=0.34, p=0.004) and WM volumes (r=0.23, p=0.048), 

but theirs was a direct relationship, in other words, the lower the 18F-SMBT-1 binding the lower the 

respective volumes. (Supplementary Table 2) Similar findings were observed in the caudate, pallidus, 

thalamus and pons where 18F-SMBT-1 binding was also directly associated with GM volumes. 

(Supplementary Table 3) In contrast to the findings in the MTL, there was no atrophy detected in these 

regions. 18F-SMBT-1 binding in the occipital lobe was significantly associated with WMH. (Supplementary 

Table 3) 

 

When all groups were considered together, and after adjusting for age, sex, A, tau and HV, 18F-

SMBT-1 binding was correlated with MMSE and AIBL PACC in some neocortical regions such as the 

frontal cortex, lateral temporal, supramarginal gyrus and angular gyrus, contributing 24-35% of the 

variance of MMSE, and 18-28% of the variance of AIBL PACC. (Table 3) Overall, all cognitive domains 

were driven by tau, with HV contributing to CDR SoB, Non-memory and AIBL PACC, and sex contributing 

to Episodic Memory and AIBL PACC. 

 
 
DISCUSSION 
 

To the best of our knowledge, 18F-SMBT-1 represents the first available F-18 MAO-B radiotracer 

to be used in a clinical study to assess reactive astrogliosis. In the present clinical study we evaluated 

the performance of 18F-SMBT-1 PET across the AD spectrum.  

 

When comparing clinical groups, the AD group presented with both significantly higher (posterior 

cingulate, supramarginal gyrus) and lower (hippocampus, globus pallidus) SMBT-1 binding than 

observed in cognitively normal elderly controls. This difference was better defined when the clinical 

groups where separated based on having high or low A PET burden. It became clear that in regions like 

posterior cingulate, supramarginal gyrus and lateral occipital, A+ CN and A+ AD became better 

separated from A- CN, but also that globus pallidus and hippocampus remained significantly lower. 

Interestingly, the same regions tended to be higher in A+ MCI but it was a group with only 3 participants 
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and none of the regions achieved significance. Most importantly, A+ CN had significantly higher 18F-

SMBT-1 binding compared to A- CN in the same regions that were significantly higher in the AD group 

(posterior cingulate, supramarginal gyrus, lateral occipital), but it was also significantly higher in 

orbitofrontal, lateral and inferior temporal gyri. These findings match recent reports from fluid biomarker 

studies that found that plasma levels of glial fibrillary acidic protein (GFAP), an astrocytic marker, is higher 

in A+ CN when compared to A- CN, (47) as well as predicting future conversion to AD in MCI subjects. 

(48)  

 

As in the AD group, when compared to A- CN, 18F-SMBT-1 binding in A+ CN was significantly 

lower in the globus pallidus. The first thing to consider when looking at the mesial temporal structures is 

that the PET results are not corrected for PVE, and as expected, the hippocampi in the A+ AD group 

were significantly more atrophic than in the A- CN group (5.94±0.5 vs. 4.50±0.5, p<0.0001), and while 

this is likely the best explanation for lower 18F-SMBT-1 binding in a region that otherwise has a high 

density of MAO-B. On the other hand, PVE are not likely to explain the lower 18F-SMBT-1 binding in the 

region with the highest density of MAO-B in the brain. While only the globus pallidus reached significance, 

all basal ganglia regions showed lower 18F-SMBT-1 binding, (Figure 2). An alternative explanation might 

be that, as in vitro studies using autoradiography and 11C-DED showed, MAO-B presented an inverse 

correlation with Braak & Braak stages in AD brains (49) suggesting that as the neurodegeneration 

progresses the expression of MAO-B is decreasing, most noticeably in those areas with high density of 

MAO-B like the MTL and basal ganglia while also reflecting the regional loss of astrocytes similar to what 

is observed in neurons (50) associated with progressive A deposition.  

 

When considering that the brain regions with significantly higher SMBT-1 binding in A+ CN and 

A+ AD, such as the supramarginal gyrus (identified as “temporoparietal junction” in 2012 (51) and 

recently rebranded as the “banks of the superior temporal sulcus” (52)), along the orbitofrontal and the 

posterior cingulate gyrus (51), are regions known for early A deposition, suggests that reactive 

astrogliosis, as detected with 18F-SMBT-1, is associated with early A deposition at the preclinical stages 

of AD and likely plays a moderating or modulating role over neurodegeneration, cognitive trajectories and 

clinical progression. This was further confirmed by the correlational and vertexwise analysis where 18F-

SMBT-1 binding in the same regions was highly correlated with A. But the association between 18F-

SMBT-1 binding and A merits to be examined more closely. The highest correlations were observed in 

areas of early A deposition while in other areas, characterized by high A like the frontal cortex, the 

correlations were much lower. In contrast, brain areas known for high density of MAO-B in the brain 
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presented either a lack of correlation, or even an inverse correlation as observed in MTL, anterior 

cingulate and basal ganglia. And while the association between 18F-SMBT-1 binding and A 

accumulation in areas like the inferior temporal follow a linear relationship, (Supplementary Figure 2) the 

association between 18F-SMBT-1 binding and A is better described by a non-linear fit that suggests that 

the increase in 18F-SMBT-1 signal likely precedes A becoming abnormal (Supplementary Figure 1) in 

agreement with the hypothesis that postulates reactive astrogliosis precede the significant build-up of A 

plaques in the brain. (24,53) This suggests that astrocytes could be reactive and increase MAO-B 

expression/activity in response to Aβ changes which precede plaque deposition (e.g., increased brain 

concentration of Aβ oligomers and protofibrils). The high association of reactive astrogliosis with insoluble 

A coupled with its early manifestation has prompted to postulate that the neuroinflammatory reaction is 

driven by soluble A oligomers. (24,25) As stated before, astrocytes do not constitute a homogenous 

population, and have -and adopt- different morphological, biochemical and functional properties reflecting 

a complex mix of toxic and protective pathways. (6) Thus, the relationship with A -and tau-, given the 

diverse morphological and biochemical diversity of astrocytes, is not likely to be straightforward or the 

same across different brain regions, indicating a more complex and regional relationship rather than a 

global response. 

 

The associations between 18F-SMBT-1 binding and brain volumetrics or WMH were not strong. It 

is worth mentioning that hippocampal and parahippocampal 18F-SMBT-1 binding were associated with 

HV, as 18F-SMBT-1 binding in caudate, pallidus, thalamus and pons were also directly associated with 

GM volumes, but these were all direct associations where lower 18F-SMBT-1 binding was associated with 

smaller volumes. The expedient explanation for all these regions would be that these regions –regions 

with normally high concentrations of MAO-B– are atrophic. As explained in the section dealing with the 

correlations with A, the hippocampi in the A+ AD group were significantly more atrophic, so the lower 

18F-SMBT-1 binding in the hippocampus and parahippocampal gyrus can be explained by PVE. But the 

basal ganglia were not atrophic and there were no significant differences across the groups, so PVE 

cannot explain the lower 18F-SMBT-1 binding. We believe the results in the basal ganglia truly reflect a 

reduction of 18F-SMBT-1 binding in these areas, especially in AD, where, as the neurodegeneration 

progresses the expression of MAO-B is likely decreasing, most noticeably in those areas with high density 

of MAO-B like the basal ganglia. 

 

In regards to the associations between 18F-SMBT-1 binding and cognitive parameters, it can be 

said that the main driver of cognitive impairment across all domains was tau burden, contributing >50% 
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of the variance, followed by HV. Sex was also contributing to Episodic Memory and AIBL PACC, with 

females performing worse than males. 18F-SMBT-1 binding was mainly correlated with MMSE and AIBL 

PACC in some neocortical regions such the frontal cortex, with lateral temporal, supramarginal gyrus and 

angular gyrus, contributing 24-35% of the variance of MMSE, and 18-28% of the variance of AIBL PACC. 

These findings suggest that reactive astrogliosis has a detrimental contribution to general cognition and 

some memory tasks that are independent of tau, A or hippocampal atrophy. This suggests that 

ameliorating neuroinflammation early on in the evolution of the disease, might be a potential 

complementary therapeutic avenue for AD (20). 

 
There are several limitations and caveats that need to be considered in this study. In a similar 

fashion to microglial activation, only surrogate markers are available to assess reactive astrogliosis. In 

contrast to neuroreceptor PET studies that use tracers that bind directly to the receptor, the study of 

neuroinflammation is based on using surrogate markers to assess their change of state, from resting to 

activated. Thus microglial activation has been for decades studied assessing overexpression of 

mitochondrial Translocator Protein 18 kDa (18) and more recently tracers for macrophage colony-

stimulating factor 1 receptor (54) or purinergic receptors (55) while reactive astrogliosis was assessed 

with markers of MAO-B (19) and imidazoline 2 binding sites (29) It needs to be clearly understood that 

18F-SMBT-1 is a MAO-B tracer, and as such, several factors and conditions that affect MAO-B can affect 

18F-SMBT-1 binding. Besides the obvious effect of MAO-B inhibitors, MAO-B also increases with age 

(56), it is affected by smoking (57) and has been found to be altered in psychiatric conditions such as 

major depression (22). Therefore, careful clinical anamnesis and itemized listing of exclusionary criteria 

are required before participants undergo a 18F-SMBT-1 PET scan.  While MAO-B is mainly present in 

astrocytes it is also found, in a much smaller concentration, in neurons. (58) 18F-SMBT-1 can detect 

increases and decreases of MAO-B in the brain, but cannot discriminate between the fluid change and/or 

transition of reactive astrocytes from a protective to a toxic state, and not all reactive astrocytes 

overexpress MAO-B. (58) The small number of A+ MCI precludes drawing any conclusion regarding 

group differences in the SMBT-1 signal. A larger sample size, especially A+ MCI and A+ AD patients, 

will be required to further validate the findings that 18F-SMBT-1 captures the reported increases in MAO-

B across the AD continuum. There is also a chance of spurious correlations derived from analyzing 

subgroups. These correlations were undertaken to dissect the relation between the different aspects of 

18F-SMBT-1 binding in the presence or absence of Aβ and tau, and how 18F-SMBT-1 binding is related 

to other variables. Finally, the participants were volunteers who were not randomly selected from the 

community and were generally well educated and had high scores on cognitive tests, thus these findings 

might not be generalized to the general population. 
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The introduction of biomarker-based approaches for the identification of brain pathology has 

informed new strategies for the design of clinical trials aimed at preventing the onset of cognitive 

impairment and dementia. Markers of A and tau pathology and markers of neurodegeneration have 

been incorporated into a recently proposed biomarker-based “framework” (59) The advantage of the 

modular design of the framework, and considering that reactive gliosis is a critical aspect of the 

neuropathology of AD, is that the biomarker framework might be expanded to include reactive gliosis.  

 

Our studies showed 18F-SMBT-1 can be used as surrogate marker of reactive astrogliosis where, 

despite the limited sample size in some of the groups, there was a distinctive degree and pattern of tracer 

binding across the AD continuum that was mainly associated with the presence of A burden in the brain. 

18F-SMBT-1 will allow a better understanding of the pathophysiology of AD, enabling more accurate 

staging and prognosis at earlier stages of the disease. It will also be necessary to examine the 

relationship between 18F-SMBT-1 binding in the brain and plasma GFAP. Longitudinal studies will be 

required to assess the effects of reactive astrogliosis over the clinical expression of AD and also, given 

the intimate relationship between astrocytes and bloods vessels, of cerebrovascular disease. It will also 

require longitudinal studies to fully elucidate the complex interaction between reactive astrogliosis, AD 

pathology and cerebrovascular disease and their moderating or modulating impact over 

neurodegeneration, cognitive decline and clinical progression. 

 
 
CONCLUSIONS  

Cross-sectional human PET studies with 18F-SMBT-1, a highly selective F-18 labelled MAO-B 

tracer showed that A+ AD, but most importantly, A+ cognitively unimpaired controls have significantly 

higher regional 18F-SMBT-1 binding than A- CN. Moreover, in several regions of the brain, 18F-SMBT-1 

retention was highly associated with A burden. These findings suggest that increased 18F-SMBT-1 

binding occurs at the preclinical stages of A accumulation, providing strong support for its use as 

surrogate marker of astrogliosis and a biomarker of early stages in the Alzheimer’s disease continuum. 

  



 14 

ACKNOWLEDGEMENTS 

The study was supported in part by National Health Medical Research Council (NHMRC) of Australia 

grants G1005121 and grant 19KK0212 from Japan. The funding sources had no input into the design of 

this study, the analysis of data, or writing of the manuscript. 

The authors would like to thank the Brain Research Institute for support in acquiring the MRI data. 

We would like to thank Dr Chester Mathis, Dr William E Klunk, Dr Oscar Lopez, Dr Ann Cohen, Dr Brian 

Lopresti, Dr Howard Aizenstein, Dr Scott Mason, Dr Beth Snitz and Dr Beth Shaaban at the University of 

Pittsburgh for extremely fruitful discussions around SMBT-1, MAO-B and reactive astrogliosis. 

We thank the participants who took part in the study and their families 

 

 

This paper is dedicated to my father, Victor E. Villemagne. 1/8/35-5/7/21 

 

 
KEY POINTS: 

QUESTION: Can 18F-SMBT-1 be used to assess reactive astrogliosis in vivo? 

PERTINENT FINDINGS: A clinical study in 77 elderly participants, showed that 18F-SMBT-1, a novel F-

18 MAO-B tracer used as a surrogate marker of reactive astrogliosis, was significantly higher in 

Alzheimer’s disease patients, and most importantly, in cognitively unimpaired elderly controls with high 

A in the brain.  

IMPLICATIONS FOR PATIENT CARE: 18F-SMBT-1 can be used as a surrogate and early marker of 

reactive astrogliosis across the Alzheimer’s disease continuum. 
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Figure Legends 
 
Figure 1. 18F-SMBT-1 in elderly controls and across the AD spectrum 
 

 

 

Representative transaxial, coronal and sagittal 18F-SMBT-1 PET images in an A- cognitively unimpaired 

control (A- CN, 84 yo M, MMSE 28, CDR 0, 7 CL); an A- mild cognitively impaired (A- MCI, 69 yo F, 

MMSE 27, CDR 0.5, 9 CL); A+ cognitively unimpaired control (A+ CN, 72 yo M, MMSE 29, CDR 0, 24 

CL); an A+ mild cognitively impaired (A+ MCI, 72 yo M, MMSE 27, CDR 0.5, 144 CL); and an A+ 

Alzheimer’s disease patient (A+ AD, 78 yo F, MMSE 25, CDR 1, 173 CL). 

In A- CN and MCI it can be observed the normal distribution of 18F-SMBT-1 in the brain, highlighting 

cortical areas with high concentration of MAO-B such as the basal ganglia, thalamus, mesial temporal 

cortex and anterior cingulate, as well as the different nuclei in the brainstem. Higher cortical 18F-SMBT-1 

binding is observed in A+ CN, MCI and AD participants, with binding extending to frontal, temporal, 

occipital and posterior cingulate. 

 
 

Abbreviations: CN (age-matched control); AD (Alzheimer’s disease); SUVRWM (Standard Uptake Value 

Ratio using White Matter as reference region); CL (Centiloids). 
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Figure 2. Regional 18F-SMBT-1 binding in elderly controls and across the AD spectrum 
 

 

Bar graphs showing regional 18F-SMBT-1 SUVR was significantly higher in posterior cingulate, 

supramarginal gyrus, lateral occipital, gyrus angularis and primary visual cortex in the A+ AD group, but 

also was significantly lower in globus pallidus and hippocampus. In addition to posterior cingulate, 

supramarginal gyrus, and lateral occipital, 18F-SMBT-1 binding was also significantly higher in 

orbitofrontal, lateral and inferior temporal gyri, and also significantly lower in the globus pallidus. Similar 

regions, like the supramarginal gyrus, showed higher 18F-SMBT-1 binding in the A+ MCI group, but 

none reached significance. 

 

* Significantly higher than A- CN (p<0.05) 

† Significantly lower than A- CN (p<0.05) 

 
 
Abbreviations: CN (age-matched control); AD (Alzheimer’s disease); SUVRWM (Standard Uptake Value 

Ratio using White Matter as reference region)  
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Figure 3. Vertexwise association between 18F-SMBT-1 binding, A and tau 

 
 

Positive vertex-wise associations between 18F-SMBT-1 binding and A. (A) There were high regional 

associations between 18F-SMBT-1 binding and A across the brain areas of early A deposition such as 

temporoparietal, supramarginal and posterior cingulate, but also much lower associations were observed 

in areas also characterized by high A such as the frontal lobe and superior temporal gyrus.  Some 

areas, particularly those characterized by high MAO-B concentrations in A- CN, like the basal ganglia, 

the MTL and anterior cingulate, presented negative correlations (not shown).  

Much less extensive regional associations were observed with tau (B) 

The color scale represents the regression coefficients (r)  
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Graphical Abstract 
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TABLE 1. Demographics 
 

 CN MCI AD 

n 57 12 8 

Age 76.8±5.1 73.4±5.8 76.4±7.6 

Sex 32F/25M 4F/8M* 5F/3M 

Education (years) 14.8±2.7 10.0±1.7* 10.3±1.3* 

%APOE4 39% 25% 57%* 

MMSE 28.6±1.5 27.9±1.7 24.1±4.1* 

CDR 0.03±0.1 0.33±0.3* 0.69±0.3* 

CDR SoB 0.05±0.2 0.46±0.3 6.00±2.3* 

Episodic Memory 0.16±0.8 -1.08±0.5* -3.40±1.5* 

Non-Memory -0.06±0.6 -0.86±0.5* -2.61±1.8* 

AIBL PACC 0.09±0.6 -0.85±0.7* -4.25±2.0* 

Hippocampus (cc) 5.91±0.5 5.80±0.8 4.84±0.7* 

Cortical Grey Matter (cc) 467±35 467±10 429±22* 

White Matter (cc) 388±26 388±17 387±28 

Ventricles (cc) 33.8±13 37.0±25 43.5±13 

White Matter Hyperintensities (cc) 5.15±6.6 4.60±7.1 17.8±19* 

A burden (CL) 13.7±33 20.3±43 85.8±66* 

A accumulation (CL/yr, n=31) 2.35±4.1 0.22±0.1 4.08 

Tau Me (SUVR) 0.95±0.2 1.14±0.3 1.58±1.0* 

Tau Te (SUVR) 1.05±0.2 1.20±0.2 1.93±1.2* 

Tau R (SUVR) 0.90±0.1 1.01±0.1 1.49±0.7* 

Tau Meta-Temporal (SUVR) 1.03±0.2 1.21±0.3 1.83±1.2* 

%A+ 23% 25% 75%* 

%Tau+ 18% 42% 67%* 

 
Abbreviations 
CN: elderly controls; MCI: mild cognitive impairment; AD: Alzheimer’s disease; MMSE: Mini mental State 
Examination; CDR: Clinical Dementia Rating; CDR SoB: Clinical Dementia Rating Sum of Boxes; AIBL 
PACC: the Australian Imaging Biomarkers and Lifestyle’s Preclinical Alzheimer Cognitive Composite. Me: 
Mesial Temporal; Te: Temporoparietal; R: Rest of neocortex. 
 
* Significantly different from controls (p<0.05) 
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TABLE 2. Association between regional 18F-SMBT-1 binding and global A burden, meta-temporal 

tau and A accumulation 
 

 

Centiloids 
 

(n=77)  

Meta-temporal 
Tau SUVR 

(n=72)  

A accumulation 
[CL/yr] 
(n=31) 

REGION SMBT-1 
              
r     p        r     p          r     p 

Ventrolateral Prefrontal 0.180 (p=0.117)   0.130 (p=0.281)   0.177 (p=0.341) 

Orbitofrontal 0.233 (p=0.042)   0.137 (p=0.254)   0.240 (p=0.193) 

Anterior Cingulate -0.127 (p=0.270)   0.079 (p=0.513)   -0.017 (p=0.926) 

Posterior Cingulate 0.339 (p=0.003)   0.339 (p=0.004)   0.212 (p=0.253) 

Superior Parietal 0.230 (p=0.044)   0.283 (p=0.017)   0.159 (p=0.393) 

Supramarginal Gyrus 0.477 (p<.0001)   0.365 (p=0.002)   0.315 (p=0.084) 

Lateral Occipital 0.484 (p<.0001)   0.308 (p=0.009)   0.297 (p=0.105) 

Primary Visual Cortex 0.322 (p=0.004)   0.229 (p=0.055)   0.049 (p=0.794) 

Gyrus Angularis 0.382 (p=0.001)   0.280 (p=0.018)   0.271 (p=0.141) 

Temporoccipital 0.334 (p=0.003)   0.306 (p=0.010)   0.340 (p=0.061) 

Lateral Temporal 0.275 (p=0.015)   0.194 (p=0.106)   0.431 (p=0.016) 

Inferior Temporal 0.233 (p=0.042)   -0.073 (p=0.543)   0.668 (p<.0001) 

Amygdala -0.081 (p=0.482)   -0.145 (p=0.229)   0.290 (p=0.114) 

Hippocampus -0.170 (p=0.140)   -0.114 (p=0.343)   0.240 (p=0.193) 

Parahippocampus -0.161 (p=0.161)   -0.122 (p=0.310)   0.363 (p=0.051) 

Entorhinal Cortex -0.062 (p=0.595)   -0.119 (p=0.323)   -0.035 (p=0.850) 

Caudate Nuclei -0.248 (p=0.030)   -0.262 (p=0.027)   0.172 (p=0.356) 

Putamen -0.235 (p=0.040)   -0.211 (p=0.078)   -0.100 (p=0.593) 

Globus Pallidus -0.432 (p<.0001)   -0.391 (p=0.001)   -0.249 (p=0.176) 

Thalamus -0.179 (p=0.120)   -0.215 (p=0.072)   -0.139 (p=0.457) 

Midbrain 0.185 (p=0.108)   0.183 (p=0.128)   0.086 (p=0.644) 

Pons -0.146 (p=0.205)   -0.203 (p=0.090)   0.310 (p=0.090) 
 
Abbreviations: SUVR: Standard Uptake Value Ratio. CL: Centiloids 
 
Bolded fonts Significant associations (p<0.05) 
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TABLE 3. Association between regional 18F-SMBT-1 binding and cognitive performance 
 

 MMSE  CDR SoB  Episodic Memory  Non-Memory  AIBL PACC 

SMBT-1 Region    p         p      p        p        p 

Ventrolateral Prefrontal -0.27 0.025  0.16 0.109  -0.12 0.240  -0.12 0.286  -0.21 0.032 

Orbitofrontal -0.35 0.004  0.14 0.168  -0.11 0.313  -0.12 0.285  -0.22 0.027 

Anterior Cingulate -0.25 0.036  0.06 0.545  -0.21 0.040  -0.19 0.084  -0.26 0.005 

Posterior Cingulate -0.22 0.082  0.15 0.150  -0.07 0.529  -0.17 0.136  -0.19 0.060 

Superior Parietal -0.19 0.124  0.14 0.175  -0.00 0.979  -0.20 0.072  -0.15 0.138 

Supramarginal Gyrus -0.29 0.025  0.08 0.479  -0.09 0.450  -0.18 0.127  -0.17 0.099 

Lateral Occipital -0.17 0.188  0.24 0.026  -0.13 0.252  -0.14 0.226  -0.21 0.046 

Gyrus Angularis -0.30 0.018  0.16 0.125  -0.12 0.266  -0.14 0.230  -0.20 0.051 

Temporoccipital -0.17 0.196  0.01 0.963  -0.09 0.422  -0.03 0.780  -0.09 0.406 

Lateral Temporal -0.35 0.003  0.04 0.689  -0.14 0.169  -0.11 0.293  -0.19 0.048 

Inferior Temporal -0.22 0.102  0.20 0.068  -0.25 0.023  -0.08 0.487  -0.28 0.007 

Amygdala -0.24 0.037  0.10 0.305  -0.12 0.240  -0.20 0.056  -0.20 0.032 

Hippocampus -0.22 0.072  0.11 0.304  -0.17 0.115  -0.19 0.092  -0.18 0.073 

Parahippocampus -0.10 0.420  0.12 0.217  -0.01 0.912  -0.01 0.922  -0.07 0.451 

Caudate -0.01 0.945  -0.01 0.912  0.06 0.604  0.10 0.358  0.07 0.518 

Putamen -0.16 0.207  -0.07 0.535  -0.00 0.996  0.09 0.240  0.05 0. 652 

Globus Pallidus -0.02 0.856  -0.01 0.904  -0.20 0.068  -0.17 0.150  -0.14 0.179 

Thalamus -0.09 0.473  0.05 0.657  -0.06 0.601  -0.05 0.631  -0.09 0.388 
 
Abbreviations 
MMSE: Mini mental State Examination; CDR: Clinical Dementia Rating; CDR SoB: Clinical Dementia Rating Sum of Boxes; AIBL 
PACC: the Australian Imaging Biomarkers and Lifestyle’s Preclinical Alzheimer Cognitive Composite.  
 
Bolded fonts Significant associations (p<0.05) 
 
 



SUPPLEMENTARY MATERIALS 
 
Neuropsychological evaluation 
Participants were administered the Mini Mental State Examination (MMSE), the Clinical 

Dementia Rating (CDR), Geriatric Depression Scale (GDS), Hospital Anxiety and Depression 

Scale (HADS), and a battery of neuropsychological tests. The primary cognitive performance 

measures were the composite memory and non-memory scores, and the AIBL-PACC score that 

were calculated as previously described.(1,2)  Briefly, we calculated a composite episodic 

memory score from the mean of the z-scores (means and standard deviation for creating the z-

scores were generated using data from 65 cognitively normal controls with both low 11C-PiB 

PET retention and normal MRI as the reference) for Rey complex figure test (RCFT, 30 min) 

long delay, the delayed recall from the California verbal learning test second edition (CVLT-II), 

and Logical Memory II. We calculated a composite non-memory score by taking the mean of 

the z scores for the Boston naming test, letter fluency, category fluency, digit span forwards and 

backwards, digit symbol-coding, and RCFT copy. (1)  The AIBL-PACC score was calculated 

from the mean of the z-scores of the delayed recall from CVLT-II and Logical Memory II, the 

digit symbol substitution Test and the MMSE total score. (2) 

 
 
 
  



Supplementary Figure 1. Correlation between 18F-SMBT-1 binding and Aβ burden 
 

 
 
 
Linear and non-linear associations between 18F-SMBT-1 binding in the supramarginal gyrus and 

global Aβ burden. The non-linear fit better described the relationship between 18F-SMBT-1 binding 

and Aβ burden, suggesting that the 18F-SMBT-1 signal starts increasing before Aβ becomes 

abnormal.  

 

The dotted line denotes the 20 CL use to separate high from low Aβ.  

Linear fit: y = a + b*x 

Square root fit: y = a + b*Sqrt(x) 

  



Supplementary Figure 2. Correlation between 18F-SMBT-1 binding and Aβ accumulation 
 
 

 
 

Linear association between 18F-SMBT-1 binding in the inferior temporal and global rates of 

Aβ accumulation in 31 participants (1 Aβ+ AD, 3 Aβ- MCI, 17 Aβ- and 10 Aβ+ CN) with available 

Aβ imaging longitudinal data. The association suggests that the 18F-SMBT-1 signal in the inferior 

temporal is higher on those participants with higher rates of Aβ accumulation. Association was 

adjusted for age, sex and baseline Aβ burden.  

  



SUPPLEMENTARY TABLE 1.  Demographics of cognitively unimpaired controls (CN) and Alzheimer’s 
disease (AD) patients by amyloid status 
     

  Aβ- CN Aβ+ CN Aβ- MCI Aβ+ MCI Aβ- AD Aβ+ AD 

n 44 13 9 3 2 6 

Age 76.0±4.8 78.9±5.5 72.8±6.6 75.1±2.8 66.5±3.5 79.7±4.8 

Sex 25F/19M 7F/6M 4F/5M 0F/3M 1F/1M 4F/2M 

Education (years) 14.8±2.7 14.7±3.2 10.0±1.7* 11.7±4.2 10.9±1.8 10.3±1.3* 

%APOE4 30% 69%* 22% 33% 0% 80%* 

MMSE 28.6±1.5 28.6±1.6 28.4±1.7 26.3±0.6* 26.0±1.4 23.5±4.6* 

CDR 0.05±0.1 0.00±0.0 0.28±0.3* 0.50±0.0* 0.75±0.4 0.67±0.3* 

CDR SoB 0.07±0.2 0.00±0.0 0.39±0.3* 0.67±0.3* 4.50±0.7 6.50±2.4* 

Episodic Memory 0.12±0.9 0.28±0.6  -1.03±0.5*  -1.19±0.5*  -1.96±0.0*  -3.58±1.5* 

Non-Memory  -0.07±0.6 -0.04±0.7  -0.90±0.6*  -0.76±0.2*  -0.90±0.1*  -2.90±1.8* 

AIBL PACC 0.07±0.7 0.15±0.6*  -0.76±0.7*  -1.11±0.4*  -2.56±0.0*  -4.53±2.1* 

Hippocampus (cc) 5.94±0.5 5.83±0.4 5.81±0.9 5.73±0.8 5.71±0.2 4.50±0.5* 

Cortical GM (cc) 472±38 452±14 468±10 465±14 452±27 419±13* 

WM (cc) 387±27 390±22 388±18 383±17 381±52 390±19 

Ventricles (cc) 34.0±15 33.0±7 35.1±22 42.0±38 39.6±19 45.0±12 

WMH (cc) 5.41±6.9 4.25±5.6 4.54±7.8 4.79±6.0 5.44±6 22.7±21* 

Aβ burden (CL) 0.79±6.9 57.5±48* 1.96±6.2 75.3±63*  -4.25±0.6 116±41* 

Aβ accumulation (CL/yr) 0.61±2.6 5.32±4.6*  -0.22±0.1 - - 4.08 

Tau Me (SUVR) 0.89±0.2 1.16±0.2* 1.00±0.1 1.58±0.4* 0.88±0.3 2.05±1.1* 

Tau Te (SUVR) 1.02±0.2 1.13±0.1 1.13±0.1 1.42±0.2* 1.06±0.2 2.52±1.2* 

Tau R (SUVR) 0.90±0.1 0.93±0.1 0.98±0.1 1.10±0.0* 0.97±0.3 1.84±0.8* 

Tau MT (SUVR) 0.98±0.2 1.18±0.2 1.10±0.1 1.56±0.3 1.00±0.3 2.39±1.3* 

%Tau+ 9% 46%* 22%* 100%* 50%* 75%* 

 
 
Abbreviations 
CN: elderly controls; MCI: mild cognitive impairment; AD: Alzheimer’s disease; APOE: Apolipoprotein E; 
MMSE: Mini mental State Examination; CDR: Clinical Dementia Rating; CDR SoB: Clinical Dementia Rating 
Sum of Boxes; AIBL PACC: the Australian Imaging Biomarkers and Lifestyle’s Preclinical Alzheimer Cognitive 
Composite. GM: Grey matter; WM: White Matter; WMH: White Matter Hyperintensities; SUVR: Standard 
Uptake Value Ratio. CL: Centiloids; Me: Mesial Temporal; Te: Temporoparietal; MT: Meta temporal; R: Rest 
of neocortex. 
 
* Significantly different from Aβ- controls(p<0.05) 
 
  



SUPPL TABLE 2. Regional 18F-SMBT-1 SUVR across clinical groups stratifies by Aβ status 
 

 

Aβ- CN 
SUVRWM 

(n=44) 

Aβ+ CN 
SUVRWM 

(n=13) d 

Aβ- MCI 
SUVRWM 

(n=9) d 

Aβ+ MCI 
SUVRWM 

(n=3) d 

Aβ- "AD" 
SUVRWM 

(n=2) 

Aβ+ AD 
SUVRWM 

(n=6) d 
Dorsolateral Prefrontal 1.05 ± 0.09 1.08 ± 0.17 0.22 1.07 ± 0.10 0.21 1.18 ± 0.07 1.61 1.10 ± 0.19 1.13 ± 0.14 0.68 
Ventrolateral Prefrontal 1.20 ± 0.10 1.27 ± 0.14 0.58 1.21 ± 0.08 0.11 1.32 ± 0.06 1.46 1.26 ± 0.16 1.30 ± 0.11 0.95 
Orbitofrontal 1.21 ± 0.10 1.31 ± 0.13 0.86 1.22 ± 0.08 0.11 1.29 ± 0.10 0.80 1.30 ± 0.13 1.30 ± 0.08 0.99 
Anterior Cingulate 1.44 ± 0.12 1.43 ± 0.17 -0.07 1.49 ± 0.05 0.54 1.44 ± 0.05 0.00 1.46 ± 0.08 1.41 ± 0.10 -0.27 
Posterior Cingulate 1.24 ± 0.12 1.36 ± 0.19 0.76 1.25 ± 0.06 0.11 1.36 ± 0.16 0.85 1.32 ± 0.20 1.42 ± 0.11 1.56 
Superior Parietal 0.96 ± 0.12 1.06 ± 0.14 0.77 0.96 ± 0.12 0.00 1.05 ± 0.12 0.75 1.06 ± 0.17 1.10 ± 0.17 0.95 
Supramarginal Gyrus 1.16 ± 0.09 1.31 ± 0.15 1.21 1.17 ± 0.08 0.12 1.30 ± 0.05 1.92 1.19 ± 0.17 1.35 ± 0.07 2.36 
Lateral Occipital 0.97 ± 0.10 1.07 ± 0.12 0.91 0.94 ± 0.05 -0.38 1.06 ± 0.04 1.18 1.00 ± 0.16 1.21 ± 0.08 2.65 
Primary Visual Cortex 0.96 ± 0.10 1.02 ± 0.12 0.54 0.96 ± 0.07 0.00 1.02 ± 0.02 0.83 0.97 ± 0.03 1.15 ± 0.14 1.56 
Gyrus Angularis 1.18 ± 0.13 1.29 ± 0.13 0.85 1.16 ± 0.09 -0.18 1.33 ± 0.05 1.52 1.24 ± 0.23 1.36 ± 0.10 1.55 
Temporoccipital 1.23 ± 0.12 1.32 ± 0.12 0.75 1.18 ± 0.08 -0.49 1.38 ± 0.09 1.41 1.23 ± 0.22 1.36 ± 0.08 1.27 
Lateral Temporal 1.23 ± 0.12 1.35 ± 0.12 1.00 1.22 ± 0.09 -0.09 1.28 ± 0.03 0.57 1.31 ± 0.21 1.34 ± 0.07 1.12 
Inferior Temporal 1.10 ± 0.15 1.26 ± 0.21 0.88 1.08 ± 0.15 -0.13 0.94 ± 0.07 -1.37 1.27 ± 0.37 1.21 ± 0.20 0.62 
Amygdala 1.75 ± 0.16 1.80 ± 0.14 0.33 1.81 ± 0.12 0.42 1.86 ± 0.09 0.85 1.98 ± 0.09 1.66 ± 0.23 -0.45 
Hippocampus 1.60 ± 0.11 1.61 ± 0.12 0.09 1.62 ± 0.11 0.18 1.64 ± 0.06 0.45 1.58 ± 0.20 1.44 ± 0.08 -1.66 
Parahippocampus 1.36 ± 0.16 1.38 ± 0.17 0.12 1.37 ± 0.12 0.07 1.16 ± 0.15 -1.29 1.17 ± 0.44 1.17 ± 0.20 -1.05 
Entorhinal Cortex 0.87 ± 0.25 0.78 ± 0.17 -0.42 0.77 ± 0.24 -0.41 0.72 ± 0.20 -0.66 1.00 ± 0.16 0.84 ± 0.29 -0.11 
Caudate 2.44 ± 0.26 2.40 ± 0.27 -0.15 2.37 ± 0.32 -0.24 2.11 ± 0.31 -1.15 2.48 ± 0.28 2.15 ± 0.15 -1.37 
Putamen 2.16 ± 0.22 2.10 ± 0.09 -0.36 2.19 ± 0.19 0.15 2.13 ± 0.10 -0.18 2.01 ± 0.15 1.99 ± 0.12 -0.96 
Globus Pallidus 1.85 ± 0.09 1.74 ± 0.08 -1.29 1.86 ± 0.11 0.10 1.78 ± 0.04 -1.01 1.81 ± 0.05 1.69 ± 0.08 -1.88 
Thalamus 2.26 ± 0.20 2.28 ± 0.14 0.12 2.28 ± 0.20 0.10 2.19 ± 0.14 -0.41 2.27 ± 0.04 2.15 ± 0.20 -0.55 
Midbrain 1.27 ± 0.14 1.33 ± 0.14 0.43 1.26 ± 0.06 -0.09 1.45 ± 0.07 1.63 1.31 ± 0.15 1.39 ± 0.11 0.95 
Pons 1.44 ± 0.12 1.49 ± 0.12 0.42 1.48 ± 0.11 0.35 1.36 ± 0.02 -0.93 1.56 ± 0.09 1.33 ± 0.14 -0.84 

 
Abbreviations 
CN: elderly controls; MCI: mild cognitive impairment; AD: Alzheimer’s disease; SUVR: Standard Uptake Value Ratio; WM: white matter 
(reference region) 
 
In red bold:  Significantly higher than controls (p<0.05) 
In blue bold:  Significantly lower than controls (p<0.05) 
In green bold: Cohen’s effect size d against Aβ- CN 
  



SUPPLEMENTARY TABLE 3. Association between regional 18F-SMBT-1 binding and brain volumetrics 
 

 

Hippocampus 
 

(n=73)  

Grey Matter 
 

(n=73)  

White Matter 
 

(n=73)  

Ventricles 
 

(n=73)  

White Matter 
Hyperintensities 

(n=72) 
SMBT-1 Region r p  r p  r p  r p  r p 

Ventrolateral Prefrontal -0.016 0.893  0.004 0.975  0.014 0.905  0.088 0.459  0.140 0.241 

Orbitofrontal 0.033 0.781  0.010 0.933  0.083 0.483  0.077 0.516  0.056 0.638 

Anterior Cingulate 0.212 0.072  0.104 0.383  -0.105 0.379  0.045 0.703  -0.041 0.734 

Posterior Cingulate -0.097 0.413  -0.187 0.110  0.084 0.482  0.146 0.219  0.098 0.412 

Superior Parietal -0.188 0.112  -0.192 0.104  0.134 0.260  0.198 0.094  0.206 0.083 

Supramarginal Gyrus -0.228 0.052  -0.280 0.017*  0.069 0.562  0.093 0.436  0.134 0.262 

Lateral Occipital -0.282 0.016*  -0.225 0.055  0.145 0.220  0.070 0.559  0.253 0.032* 

Primary Visual Cortex -0.198 0.093  -0.180 0.129  0.011 0.928  0.035 0.766  0.279 0.018* 

Gyrus Angularis -0.159 0.180  -0.170 0.150  0.149 0.209  0.045 0.705  0.151 0.206 

Temporoccipital -0.143 0.228  -0.084 0.479  0.166 0.161  0.011 0.930  0.042 0.728 

Lat Temporal -0.064 0.588  -0.021 0.861  0.210 0.074  0.007 0.954  -0.017 0.885 

Inferior Temporal -0.007 0.957  -0.042 0.722  0.323 0.005*  -0.169 0.153  0.022 0.855 

Amygdala 0.118 0.322  0.166 0.160  0.427 0.000*  -0.073 0.542  0.037 0.761 

Hippocampus 0.343 0.003*  0.337 0.004*  0.232 0.048*  -0.071 0.554  -0.231 0.051 

Parahippocampus 0.338 0.004*  0.331 0.004*  0.080 0.499  -0.274 0.019*  -0.253 0.032 

Entorhinal 0.031 0.792  0.034 0.775  0.052 0.662  -0.013 0.911  0.132 0.268 

Caudate 0.201 0.089  0.303 0.009*  -0.063 0.594  -0.198 0.093  -0.170 0.155 

Putamen -0.018 0.883  0.197 0.129  -0.194 0.101  0.060 0.616  -0.058 0.630 

Globus Pallidus 0.115 0.332  0.321 0.006*  0.130 0.273  -0.056 0.636  -0.056 0.639 

Thalamus 0.235 0.046*  0.303 0.009*  0.062 0.604  -0.151 0.203  -0.074 0.539 

Midbrain 0.069 0.560  0.163 0.171  0.347 0.003*  0.002 0.984  -0.007 0.951 

Pons 0.163 0.169  0.250 0.033*  0.221 0.060  -0.050 0.678  -0.137 0.252 

Aβ burden (CL) -0.432 0.000*  -0.449 0.000*  -0.031 0.793  0.207 0.078  0.218 0.065 

Tau burden (SUVR) -0.358 0.003*  -0.410 0.001*  0.018 0.886  0.204 0.093  -0.184 0.129 
 
*Significantly associated (p<0.05) 


