




Supplement

Overview of Positron Emission Tomography
Introduction to PET
Positron emission tomography is a molecular imaging technique that uses a bioactive tracer, labelled with a radioactive isotope, which is sequestered in a biological tissue or compartment of interest. Commonly used radioisotopes include 11C, 18F and 15O, choice of which depends on the chemical synthesis of the PET tracer1. The nucleus of the isotope is unstable, and will decay probabilistically according to its half-life, releasing a positron and a neutrino in the process. The positron travels a short distance until it encounters an electron; these annihilate each other, releasing two anti-parallel gamma photons which are detected by the PET scanner2. Repeat coincidental detection of these two photons, over several hundred thousand decay events, allows determination of the uptake of radiotracer in specific brain regions. Application of PET can thus measure a diverse range of physiological functions; a tracer can act as, among other things, a ligand, informing on densities of proteins3, receptors4, and neurotransmitter release5, as a factor in a synthetic pathway, informing on neurotransmitter synthesis6, or as a glucose analogue, informing on a tissue’s energy consumption7.
Once a target is identified, selection and validation of radiotracers is a crucial step for high-quality PET imaging. Pharmacokinetic studies will guide choice; the ideal tracer is one with rapid kinetics (i.e., a short time to maximum concentration in the brain, or Tmax), high brain uptake of the tracer with low penetrance of potentially radioactive tracer metabolites, and strong and selective binding to the biological target, which will increase sensitivity and specificity respectively8. 
Kinetic Modelling and Signal Quantification
A PET scanner measures the concentration of radioactivity in a voxel. The output from a PET study is a set of time-activity curves (TACs), describing how concentration of radioactivity detected by the scanner changes in a voxel as a function of time. Analysis involves fitting the TACs to a kinetic model to inform estimation of an outcome measure, which describes the uptake of tracer into the tissue of interest. The kinetic model describes the dynamic behaviour of tracer after injection. It comprises a set of ordinary differential equations defining the movement of tracer between one or more different spatial compartments in which tracer is assumed to be sequestered, e.g. blood, tissue, or in the case of receptor studies, the free and bound states9. The model is then fit to describe the observed PET data, and can then be solved to derive rate constants, or values describing the flow of tracer between different compartments in the model, used to calculate the study endpoints. 
The kinetic model can be used with an input function, which models the delivery of radiotracer to the brain10. The gold-standard is direct measurement of the plasma TAC via arterial blood sampling (ABS)11, usually from the radial artery. This allows between-subject comparison, as the input function accounts for subject-specific factors occurring outside the brain, for example, variations in plasma clearance. However, in the absence of ABS, a reference tissue model can be used to exclude the contribution of these confounding factors from the measured signal in the region of interest (ROI)12. An ideal reference region exhibits minimal specific binding of the tracer to the target of interest (e.g. a receptor), but assumed-identical nondisplaceable uptake. This describes activity in the free and nonspecifically-bound compartments, such as tracer bound to macromolecular cellular components. This activity would not be reduced by adding large amounts of nonradioactive ligand into the tissue, but is assumed to relate directly to tracer delivery to brain tissue, and consequentially, the input function13. In the case of synaptic imaging, the centrum semiovale (CSO) is used, being a white matter region expected to lack synapses14, but this reference region is imperfect (see Limitations Section). Use of a reference region naturally avoids the subject burden of repeated ABS, but imposes some limitations on what endpoints can be derived from the kinetic model. 
Outcome Measures from PET Studies
The endpoints may vary with the question being investigated and its associated assumptions, and practical concerns, e.g. the availability of ABS. A simple outcome is the standardised uptake value (SUV), which is the ratio between tissue radioactivity concentration and the administered dose per unit body weight. SUV is calculated from a static PET image; i.e., it uses the average radioactivity concentration in the regions of interest over a period of time rather than dynamic changes over time. To reduce subject-specific effects, this is often presented as the SUV ratio (SUVR) between the ROI and a reference region. SUVR is a non-quantitative outcome measure, meaning that it does not give a value for the quantity of target, rather describes the uptake of tracer into a brain region, and does not make any assumptions about the arterial input function, making it more sensitive to intersubject variation in tracer delivery and clearance. Dynamic PET imaging allows more sophisticated modelling of the kinetics of the tracer after injection, and estimation of outcome measures less sensitive to subject-specific noise. If an arterial input function are available, volume of distribution (VT) can be estimated, which is the ratio of tracer concentration between the tissue and the blood. This becomes constant at equilibrium if a tracer binds reversibly to its target3. However, the tissue signal will include tracer bound to the target of interest, but also nondisplaceable uptake, and therefore may overestimate the measured density of the target. As such, the distribution volume ratio (DVR) is often used instead15,16. This is the ratio of VT between the ROI and a reference region, whose signal ideally only reflects nondisplaceable uptake. The reference region approach can also be used to calculate endpoints without the need for ABS, with estimation of tracer binding potential (BPND)17. BPND reflects both the density of available tracer binding sites and the affinity of the tracer for the protein target, and is calculated using the ratio of specific to nondisplaceable volume of distribution18. It can be derived from estimates of VT, in which case ABS will be needed, but can also be estimated using the simplified reference tissue model, whereby the arterial input function is assumed from the time activity curve of the reference region19. 













	Glossary of PET terminology

	Compartment
	A conceptual division where measured radioactivity could emanate from. Used to inform the compartmental model, which assumes the presence of tracer in one or more tissue compartments (e.g. blood, the free and the bound states in a receptor study).  


	Specific uptake
	Uptake of tracer into the compartment of interest.


	Non-displaceable uptake
	Uptake of tracer into the free and nonspecifically bound compartments, which combines with specific uptake to constitute the measured PET signal in tissue. 


	Reference region
	A brain region assumed to have minimal expression of the target of interest, but identical nondisplaceable uptake to other brain regions. Used to calculate various outcome measures. 


	Standardised uptake value (SUV)
	The ratio between radioactivity concentration in a voxel and the injected dose per unit body weight. Can be used to calculate SUVR, or the ratio of SUV between a ROI and reference region, a common outcome measure, based on the average radioactivity concentration over a given period of time. 


	Plasma free fraction (fp)
	The proportion of ligand in blood plasma not bound to plasma proteins. 

	Volume of distribution (VT)
	A PET outcome measure requiring dynamic imaging, relying on measurement of time activity curves in a voxel. Describes the volume of blood that contains the same activity as 1ml of tissue in the region of interest. Dependent on measurement of the arterial input function. Sometimes given as a ratio over fp if fp varies between subjects, as this will affect the calculation of VT. 


	Distribution volume ratio (DVR)
	A PET outcome measure requiring dynamic imaging, relying on measurement of time activity curves in a voxel. Describes the ratio of VT between an ROI and a reference region to correct for nondisplaceable uptake. 


	Binding potential (BPND)
	A PET outcome measure requiring dynamic imaging, comprising both the affinity of tracer for the receptor and the amount of available receptor. Quantified by the ratio of activity between an ROI and reference region. 




Table S1 Summary of common terminology in SV2A PET. PET = positron emission tomography. ROI = region of interest. 
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	Diagnosis
	Reference
	Design
	Overlapping samples
	Participants
	Age mean ±SD
	Medication
	Radioligand
	PET measurement
	PET reference

	HC
	Andersen (2022)17
	cross-sectional
	N
	young=11, 
old= 15
	young=24.8 ±1.2, 
old= 72.7 ±4.2
	medication free
	[11C]UCB-J
	SUVR
	CS

	
	Johansen (2023)18
	cross-sectional
	subset of Langley (2023)19
	 HC (placebo)=15, HC (escitalopram) =17
	placebo=22.8 ±2.9, escitalopram= 25.2 ±5.8
	SSRI-naive
	[11C]UCB-J
	VT
	 

	
	Michiels (2021)20
	cross-sectional
	HC: Delva (2020)21
	HC=78
	HC (median)=55
	medication free
	[11C]UCB-J
	SUVR
	CS

	
	Toyonaga (2023)22
	cross-sectional
	HC: Chen (2018)23, Finnema (2018), Holmes (2019)24, Finnema (2020)25, Matuskey (2020)26, Mecca (2020)27, D'Souza  (2019)28 
	HC=80
	HC (range)= 21–83
	SSRI-naive
	[11C]UCB-J
	SUVR, BPf
	CS

	
	Van Aalst (2021)29
	cross-sectional
	N
	HC=20
	HC= 29.6 ± 9.9
	medication free
	[11C]UCB-J
	BPND
	CS


Table S2 Summary of studies in healthy controls. If the same sample or a subset of the same sample was used across multiple studies, this is indicated in the ‘Overlapping samples’ column, where citation indicates the first study published (chronologically) where this sample was included; otherwise ‘N’ indicates no overlap in data with previous studies.  Abbreviations: CS = centrum semiovale, HC = healthy control, N = no, PET = positron emission tomography, SD = standard deviation, SSRI = selective serotonin reuptake inhibitor, SUVR = standardised uptake value ratio, Vt = volume of distribution.


	Diagnosis
	Reference
	Design
	Overlapping samples
	Participants
	Age mean ±SD
	Medication
	Radioligand
	PET measurement
	PET reference

	Addictions
	Angarita (2022)30
	cross-sectional
	8 HC: Finnema (2018)31, Holmes (2019)34, Finnema (2019)31, Rossano (2020)32 
	HC=15,
CoUD=15
	HC=43.4 ± 9.2, CoUD= 42.9 ± 7.5
	not reported
	[11C]UCB-J
	VT/fp, VT, BPND
	CS

	
	D’Souza (2019) 28
	cross-sectional
	N
	HC=12, 
CaUD=12
	HC=27.32 ±4.41, CaUD 24.24 ±3.12 
	not reported
	[11C]UCB-J
	VT, BPND
	CS

	
	Hou (2023)33
	cross-sectional
	N
	HC=16, 
IGD=18
	HC=22.44 ±5.44, IGD=20.53 ±3.69
	all  medication-naive
	[18F]SynVesT-1
	SUVR
	CS

	Mood disorders
	Asch (2022)34
	cross-sectional
	N
	HC: normal weight (NWHC, n=16), overweight (OWHC, n=28),  normal weight (NWPsy, n=14), ovewrweight patients (OWPsy, n=16)
	NWHC=41.94 ±4.00, 
NWPsy= 40.77 ±2.68, 
OWHC= 46.50 ±5.03, 
OWCPsy= 37.46 ±2.27
	NWPsych (n=7), OWPsych (n=8)
	[11C]UCB-J
	VT, VT/fp
	n/a

	
	Casteele (2023)35
	cross-sectional
	NK
	HC=36, Depression=24
	HC=70.4 ± 6.2, Depression=73.0 ± 6.2
	not reported
	[11C]UCB-J
	SUVR
	CS

	
	Holmes (2019)24
	cross-sectional
	N
	HC=21, MDD/PTSD=26 (14 low + 12 high severity)
	HC=44.48 ±15.41, low= 39.14 ±11.18, high=38.67 ±13.89
	medication free (4m)
	[11C]UCB-J
	VT
	n/a

	
	Holmes (2022)36
	cross-sectional
	N
	HC=9, MDD/PTSD=12 (6 SV2A deficit, 6 no SV2A deficit)
	HC=35.11 ±12.68, MDD/PTSD= 39.91 ±11.23
	in clinical group: Paxil (n=1), Wellbutrin (n=2)
	[11C]UCB-J
	VT
	n/a

	SZ
	Onwordi (2020)37
	cross-sectional
	N
	HC=18, 
SZ=18
	HC=38.7±3.1,
SZ=41.5 ±2.7
	most taking antipsychotics
	[11C]UCB-J
	DVR, VT
	CS

	
	Onwordi (2021)38
	cross-sectional
	Onwordi (2020)37
	HC=22, 
SZ=18
	HC=38.23 ±2.59, SZ=40.89 ±2.75
	not reported
	[11C]UCB-J
	VT, DVR
	CS

	
	Onwordi (2023)39
	cross-sectional
	Onwordi (2020)37
	HC=21, 
HC=21
	HC=30.86 ±1.90, SZ=26.52 ±1.74
	Antipsychotic naïve (n=2), antipsychotic-free (n=19)
	[11C]UCB-J
	DVR, VT, VT/fp
	CS

	
	Radhakrishnan (2021)40
	cross-sectional
	N
	HC=15, 
SZ=13
	HC=40.77 ±11.04, SZ=40.52 ±11.15
	antipsychotic-free (n=3)
	[11C]UCB-J
	VT, BPND
	CS

	
	Yoon (2023)41
	cross-sectional
	N
	HC=9, 
SZ=9
	HC=27.22 ±4.60, SZ=25.67 ±3.97
	taking antipsychotics (n=8), antipsychotic-free (n=1)
	[11C]UCB-J
	BPND
	CS


Table S3 Summary of studies in psychiatric illnesses. If the same sample or a subset of the same sample was used across multiple studies, this is indicated in the ‘Overlapping samples’ column, where citation indicates the first study published (chronologically) where this sample was included; otherwise ‘N’ indicates no overlap in data with previous studies.  Abbreviations: BPND = nondisplaceable binding potential, CaUD = cannabis use disorder, CoUD = cocaine use disorder, CS = centrum semiovale, DVR = distribution volume ratio, fp = plasma free fraction, HC = healthy controls, IGD = internet gaming disorder, MDD = major depressive disorder, N = no, NA = not applicable, NK = not known, NWHC = normal weight healthy control, NWPsy = normal weight with psychiatric diagnosis, OWHC = overweight healthy control, OWPsy = overweight with psychiatric diagnosis, PTSD = posttraumatic stress disorder, SUVR = standardised uptake value ratio, SZ = schizophrenia, VT = volume of distribution.

	Diagnosis
	Reference
	Design
	Overlapping samples
	Participants
	Age mean ±SD
	Radioligand
	PET measurement
	PET reference

	AD
	Bastin (2020)42
	cross-sectional
	N
	Aβ+ patients=25, HC=21
	Aβ+=73.3 ±8.0, HC=71.5 ±4.5
	[18F]-UCB-H
	Vt
	CS

	
	Chen (2018)23
	cross-sectional
	N
	AD=10 (MCI=5, mild AD=5), HC=11
	AD=72.7 ±6.3,, HC=72.9 ±8.7
	[11C]-UCB-J
	VT, BPND
	CS

	
	Chen (2021)43
	cross-sectional
	Chen (2018)23 
	AD=14 (MCI=10, AD=4), HC=11
	AD=69 ±5.7, 
HC=69.4 ±9.0
	[11C]-UCB-J, 
[18F]-FDG
	DVR
	CS

	
	Coomans (2021)44
	cross-sectional
	N
	AD=7
	AD=64.3 ±8.2
	[11C]-UCB-J, 
[18F]-flortaucipir
	BPND
	CS

	
	Lu (2021)45
	cross-sectional
	Chen (2018)23
	AD=17 (dementia=6, MCI=11), HC=11
	between 58-82
	[11C]-PiB, 
[11C]-UCB-J
	Vt, BPND
	CS

	
	Mecca (2020)27
	cross-sectional
	Chen (2018)23
	Aβ+=34 (dementia=20, MCI=14), HC=19
	Aβ+=71.7 ±8.2, HC=70.2 ±7.9
	[11C]-PiB,
[11C]-UCB-J
	BPND, DVRcs
	CS, CBL

	
	Mecca (2022a)46
	cross-sectional
	Chen (2018)23
	AD=10 (dementia=5, MCI=5), HC=10
	AD=72.1 ±7.9, 
HC=68.8 ±6.6
	[11C]-UCB-J, 
[18F]-flortaucipir
	DVR
	CS, CBL

	
	Mecca (2022b)47
	cross-sectional
	Chen (2018)23
	AD=45 (dementia=28, MCI=17),HC=19
	AD=70.82 ±7.48, HC=70.84 ±7.78
	[11C]-UCB-J
	DVR
	CS

	
	Moallemian (2023)48
	cross-sectional
	Bastin (2020)42
	AD=24, HC=19
	AD=73.08 ±8.07, HC=71.95 ±4.58
	[18F]-UCB-H
	Vt
	?

	
	O’Dell (2021)49
	cross-sectional
	Chen (2018)23
	MCI=14, AD=24, HC=19
	MCI=71.6 ±4.2, AD=69.9 ±9.2, 
HC=71.5 ±7.6
	[11C]-UCB-J, 
[11C]-PiB
	DVR
	CBL

	
	O’Dell (2023)50
	cross-sectional
	Chen (2018)23
	HC=18, AD=45 (MCI=17, dementia=28)
	HC=70.8 ±7.8, 
AD=70.8 ±7.5
	[11C]-UCB-J, 
[11C]-PiB
	DVR
	CBL

	
	Tuncel (2021)20
	test-retest
	N
	AD=8, HC=9
	AD=63.8, HC=62.2
	[11C]UCB-J
	BPND
	CS

	
	Silva-Rudberg (2024)51
	cross-sectional
	Chen (2018)23
	AD MCI=14, AD-mild dementia=19, HC=17
	AD=70.3 ±7.7, HC=72.1 ±7.1
	[11C]-UCB-J, 
[11C]-PiB
	DVR
	CBL

	
	Venkataraman (2022)52
	cross-sectional
	N, pre-print: Venkataraman (2021)53
	AD=12 (8 followed-up), HC=16
	AD=75.50 ±7.82, HC=65.88 ±9.82
	[11C]-UCB-J
	DVRcs
	CS

	
	Zhang (2023)54
	cross-sectional
	N
	AD=33, MCI=31, HC=30
	AD=68.0 ±7.8, MCI=70.1 ±6.8, HC=63.4 ±8.0
	[18]F-Syn-VesT-1
	SUVR
	CBL

	MCI
	Vanderlinden (2022)55
	cross-sectional, longitudinal
	follow up to Vanhaute (2020)56
	aMCI=26, HC=12
	aMCI=71.6 ±5.3, HC=68.9 ±9.1
	[11C]-UCB-J, [11C]SA4503, [18F]BCPP-EF
	SUVR
	CS

	
	Vanhaute (2020)56
	cross-sectional
	N
	aMCI=10, HC=10
	aMCI=69.6 ±5.4, HC=67.2 ±6.5
	[11C]-UCB-J, 
[18]F-MK-6241, [11C]-PiB
	SUVR
	CS, 
inferior CBL Cx

	bvFTD
	Malpetti (2022)57
	cross-sectional
	N
	bvFTD=11, HC=25
	bvFTD=65.7 ±9.3, HC=70.2 ±7
	[11C]-UCB-J
	BPnd
	CS

	FTD/AD
	Salmon (2021)58
	cross-sectional
	Bastin (2020)42
	bvFTD=12, HC=12, AD=12
	bvFTD=73.5, 
AD=74.1, HC=71.4
	[18F]-UCB-H
	Vt
	NA, used image-derived AIF

	HD
	Delva (2022a)59
	cross-sectional, longitudinal
	N
	HD=18, (pmHD=7, mHD=11), HC=15
	HD=51.4 ±11.6 (pmHD=45.0 ±11.6, mHD=55.2 ±9.6), HC=52.3 ±3.5
	[11C]-UCB-J,
[18F]-FDG
	SUVR
	CS

	
	Delva (2023)60
	cross-sectional, longitudinal
	Delva (2022a)59
	HD=17 (pmHD=6, mHD=11), HC=13
	(at followup) HC=54.4 ±3.7, 
HD=52.9 ±12.2
	[11C]-UCB-J,
[18F]-FDG
	SUVR-1
	CS

	LBD
	Nicastro (2020)61
	cross-sectional
	N
	LBD=2 (Aβ+: 1, Aβ-:1), HC=10
	LBD=73, 
HC 72.4 ±3.4
	[11C]-UCB-J, 
[18F]-AV1451, 
[11C]-PiB
	BPND
	CBL GM

	LBD, PD
	Andersen (2021)62
	cross-sectional
	N
	HC=15, nPD=21, DLB/PDD=13(9/4)
	HC=72.4 ±4.2, nPD=71.1 ±6.4, DLB/PDD=74.3 ±4.7
	[11C]-UCB-J
	SUVR-1
	CBL WM,
CS

	
	Andersen (2023)63
	cross-sectional
	Andersen (2021)62
	FDG PET included: HC=15, nPD=29, DLB/PDD=7(3/4)
	HC=72.4 ±4.2, nPD=71.1 ±6.4, DLB/PDD=74.3 ±4.7
	[11C]-UCB-J,
[18F]-FDG
	SUVR-1
	CS

	PD
	Delva (2020)21
	cross-sectional
	N
	PD=30, HC=20
	PD=60.5 ±9.2, 
HC=59.6 ±8.2
	[11C]-UCB-J, [18F]-FE-PE21
	BPND
	CS

	
	Delva (2022b)64
	cross-sectional, longitudinal
	Delva (2020)21
	PD=27, HC=18
	PD=62.7 ±9.8, 
HC=61.3 ±8.6
	[18F]-FE-PE21, [11C]-UCB-J
	SUVR-1
	CS, Ocx

	
	Matuskey (2020)26
	cross-sectional
	N
	PD=15, HC=15
	PD=76(7), 
HC=84(7)
	[11C]-UCB-J
	BPnd
	CS

	
	Wilson (2020)65
	cross-sectional, longitudinal
	N
	PD=12, HC=16
	PD=59.8 ±9, 
HC=61 ±12.5
	[11C]-UCB-J, 
[18F]-BCCP-EF, 
[11C]-SA-4503
	Vt
	CS

	PSP, CBS, bvFTD
	Whiteside (2023)66
	cross-sectional
	Holland (2020)71
	PSP=29, CBS=16, bvFTD=10, HC=24
	PSP=70.8±8.4, CBS=67.1±5.7, bvFTD=65±9.1, HC=70±8.4
	[11C]-UCB-J
	BPnd
	 CS

	Tauopathies (PSP, amyloid-negatve CBS)
	Holland (2020)71
	cross-sectional
	N
	PSP=14, CBS=9, HC=15
	PSP=72.8 ±7.7, CBD=70.6 ±8.2, 
HC=60 ±7.45
	[11C]-UCB-J
	BPND
	CS

	
	Holland (2022)67
	cross-sectional
	Holland (2020)71
	PSP=23, CBS=12, HC=19
	PSP=71.3 ±8.6, CBD=70.9±7.9, HC=68.9±7.1
	[11C]-UCB-J, 
[18F]-AV-1451
	BPND
	CS, Inferior CBL grey matter

	
	Holland (2023)68 
	cross-sectional, longitudinal
	Holland (2020)71
	PSP=32, CBD=16, HC=33, Followup PSP=16, Followup CBD=6, Followup HC=0
	PSP=71.7±8.24, CBD=70.7±7.2, HC=71±8.5, Followup PSP=72.1±8.1, Followup CBD=71±10.8
	[11C]-UCB-J
	BPnd
	CS

	
	Mak (2021)69
	cross-sectional
	N
	PSP=22, CBS=14, HC=27
	PSP=70.9 ±8.69, CBS=70 ±7.91, 
HC=69 ±7.34
	[11C]-UCB-J
	BPnd
	CS

	TLE
	Finnema (2020)25
	cross-sectional
	N
	TLE=12, HC=12
	TLE=39.4 ±10.7, 
HD=40 ±12
	[11C]-UCB-J, 
[18F]-FDG
	BPND
	CS

	MMS
	Van Cauwenberge (2023)70
	cross-sectional
	Delva (2020)21
	HC=58
	HC=68.5 ±7.5
	[11C]-UCB-J
	SUVR
	CS


Table S4 Summary of studies in neurodegenerative illnesses. If the same sample or a subset of the same sample was used across multiple studies, this is indicated in the ‘Overlapping samples’ column, where citation indicates the first study published (chronologically) where this sample was included; otherwise ‘N’ indicates no overlap in data with previous studies. Abbreviations: Aβ = beta-amyloid, AD = Alzheimer’s dementia, AIF = arterial input function, BPND = nondisplaceable binding potential, (bv)FTD = (behavioural variant) frontotemporal dementia, CBD = corticobasal degeneration, CBL = cerebellum, CS = centrum semiovale, Cx = cortex, DVR = distribution volume ratio, GM = grey matter, HC = healthy controls, LBD = Lewy body dementia, MCI = mild cognitive impairment, MMS = mild motor signs, N = no, NA = not applicable, OCx = occipital cortex, PD = Parkinson’s disease, (pm)HD = (premanifest) Huntington’s disease, PSP = progressive supranuclear palsy, SUVR = standardised uptake value ratio, TLE = temporal lobe epilepsy, VT = volume of distribution, WM = white matter.
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