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Abstract

Purpose Advances in the pathophysiological characterization of psychosis has led to a newfound role of biomarkers in diag-
nostic and prognostic contexts. Further, advances in the accuracy and sensitivity of nuclear medicine imaging techniques, and
specifically positron emission tomography (PET), have improved the ability to diagnose and manage individuals experiencing
first-episode psychosis or those at greater risk for developing psychosis.

Methods Literature searches were performed in PubMed, Google Scholar, and Web of Science to identify papers related
to the use of PET imaging in the diagnosis or management of psychosis. Search terms used included “positron emission
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tomography”, “PET imaging”, “psychosis”, “disorders of psychosis”, “schizophrenia”, “biomarkers”, “diagnostic biomark-
ers”, “prognostic biomarker”, “monitoring biomarker”, “outcome biomarker”, and “predictive biomarker.”

Results Studies included fell into three categories: those examining microglia, those studying dopamine synthesis capacity,
and those examining acetylcholine receptor activity. Microglial imaging has been shown to be ineffective in all patients with
psychosis, but some believe it shows promise in a subset of patients with psychosis, although no defining characteristics
of said subset have been postulated. Studies of dopamine synthesis capacity suggest that presynaptic dopamine is reliably
elevated in patients with psychosis, but levels of dopamine active transporter are not. Further, positron emission tomography
(PET) with [18F]fluoro-L-dihydroxyphenylalanine (['*F]JFDOPA)-PET has been recently used successfully as a predictive
biomarker of dopaminergic treatment response, although more work is needed to validate such findings. Finally, existing
studies have also documented lower levels of binding to the a7 nicotinic cholinergic receptor (a7-nAChR) via ['®F]-ASEM
PET in patients with psychosis, however there is a dearth of prospective, randomized studies evaluating the efficacy of
["®F]-ASEM as a diagnostic or monitoring biomarker of any kind.

Conclusion Molecular imaging has become a useful tool in the diagnosis and management of psychosis. Further work must
be done to improve the comparative prognostic value and diagnostic accuracy of different radiotracers.
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Introduction

Defining biomarkers
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mona.elisabeth.revheim@ous-hf.no A biomarker is a “characteristic that is objectively measured
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tion” [1]. Imaging biomarkers are considered either diagnos-
tic or outcome makers. As their name suggests, diagnostic
markers can support the diagnosis of a condition. Of these
outcome markers their utility can be considered in the con-
text of monitoring, prognostication, and prediction. Monitor-
ing biomarkers track the course of disease (e.g., tau burden
in Alzheimer’s disease). Prognostic biomarkers suggest the
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nature of prospective disease progression without thera-
peutic intervention; whereas, predictive biomarkers project
patients’ potential therapeutic response [2].

Psychosis and the potential role of molecular
imaging

While not possessing an exact clinical definition, psychosis
is characterized by common symptoms of delusions, hallu-
cinations, and thought disorders [3]. Several different psy-
chiatric illnesses in the Diagnostic and Statistical Manual
of Mental Disorders, fifth edition include psychosis as a
symptom, including schizophrenia, schizophreniform dis-
order, schizoaffective disorders, brief psychotic disorders,
delusional disorder, bipolar disorder, and more [4]. For the
purpose of this review, the term psychosis will be used gen-
erally to include imaging of an individual who is actively
experiencing symptoms of psychosis, regardless of the root
disorder from which it stems.

The global burden of psychosis is substantial, with the
incidence of all psychotic disorders being 26.6 diagnoses
per 100,000 person-years [5]. The current gold standard for
diagnosing a psychotic disorder is reliant upon symptom
recognition and expert opinion [6]; therefore, diagnostic
classification and validity across the profession are essen-
tial. Nevertheless, there remains uncertainty in diagnosing
psychosis and its various forms as a result of this subjec-
tive criteria; emerging evidence suggests that quantitative
biomarkers may diagnose and distinguish between forms
of psychosis [7]. Thus, quantitative imaging of such bio-
markers has presented great promise as a diagnostic tool
for psychosis.

Approximately one third of patients with schizophre-
nia are non-responsive to first-line antipsychotic therapies
[8]. The continuance of antipsychotic medications for such
patients can be medically, socially, emotionally, and finan-
cially detrimental, making it advantageous to identify which
patients can respond to first-line therapies. Innovative efforts
have developed ligands used in positron emission tomog-
raphy (PET) imaging that can not only identify individu-
als with psychosis but also determine who will respond to
antipsychotic treatment. Such markers offer the possibility
of improving treatments, increasing diagnostic accuracy, and
improving our biological understanding of psychosis.

Several mechanisms have been proposed to explain psy-
chosis where the involvement of relevant biomarkers in the
respective theories has greatly expanded the role of PET
imaging biomarkers for psychosis. Previous reviews have
examined either (1) all PET imaging biomarkers being stud-
ied for their application to psychosis [9] or (2) a restricted
subset of PET imaging biomarkers procured for a particular
argument [10]. This review utilizes an extensive base of sci-
entific and clinical studies to examine all PET biomarkers
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with respect not only to their scientific value in character-
izing psychosis but also their immediate clinical relevance.
Importantly, some PET imaging biomarkers (e.g., markers
of metabolism and hypofrontality) will be excluded, as a
dearth of existing literature suggests that their immediate
clinical relevance in the diagnosis or management of psy-
chosis is limited. The objective of this scoping review was
to critically evaluate the potential utility of PET imaging in
the management of psychosis.

Methods

Literature searchers were performed in PubMed, Google
Scholar, and Web of Science to identify studies reporting
on the use of PET imaging in the treatment or diagnosis
of people with psychosis. Searchers were performed using
the words “positron emission tomography”, “PET imaging”,
“psychosis”, “disorders of psychosis”, “schizophrenia”,
“biomarkers”, “diagnostic biomarkers”, “prognostic bio-
marker”, “monitoring biomarker”, “outcome biomarker”,
and “predictive biomarker” from journal inception to current
for each journal. References of studies used to inform this
review were also examined for additional relevant studies not
indexed by the literature searches. Studies were not included
in this review if they did not contain information specifically
on PET imaging of individuals with psychosis, or if they did
not contain information on the use of diagnostic or outcome
biomarkers in the management of psychosis. As this was not
a systematic review or meta-analysis, no statistical analysis
was performed.

PET biomarkers of psychosis
Diagnostic biomarkers
Neuroinflammation and TSPO-PET imaging

Increased microglial activation and subsequent neuroin-
flammation is known to be associated with schizophrenia
and other related disorders of psychosis [11, 12]. Various
PET studies using [!!C]-(R)-PK 11195 and ['!C]PBR28 have
found increased radiotracer binding to the translocator pro-
tein (TSPO) in patients with chronic psychosis, first-episode
psychosis, and those at high-risk for developing psychosis
[13—15], although other tracers have also been used. Thus,
imaging neuroinflammation via TSPO binding is believed
to be reliably elevated in patients with schizophrenia and
other forms of psychosis. However, as many TSPO ligands
are elevated in patients with diseases other than schizo-
phrenia, there is considerable difficulty concluding that
TSPO ligands can be considered a necessary and sufficient
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diagnostic biomarker. Rather, many, including those in the
studies describe herein, have used them alongside clinical
judgement to monitor the biochemical milieu in those with
schizophrenia.

While there are many studies supporting the utility of
TSPO-PET, recent research has added nuance to the role
TSPO-PET can play in evaluating patients with psychosis. A
meta-analysis examining TSPO-PET (using ['®F]-PBR111,
[''C]-PK11195, [''C]-PBR28, [''C]-DPA-713,
['8F]-FEPPA, and [!'C]-DAA1106) in 190 patients with
psychosis and 200 healthy controls reported that the bind-
ing potential (K,°°") of TSPO-PET was sufficiently sensitive
to detect an elevation in TSPO levels in patients with psy-
chosis, but the volume of distribution (V7, or the ratio of the
concentration of the ligand in the target tissue to that in the
plasma) was not sufficiently sensitive to detect comparable
elevations based on pooled statistics of included studies [16].

The significant effect size of the binding potential
described in this meta-analysis was small and may have
been influenced by publication bias, inter-study heteroge-
neity, or by comparing anti-psychotic naive patients (i.e.,
those who have not yet taken antipsychotics) with patients
actively taking antipsychotics, which has been documented
to influence microglial activation [17]. Much of the inter-
study heterogeneity results from poorly aligned definitions.
For example, using different criteria for chronic psychosis
or being at high-risk for psychosis among studies erodes
confidence in the small effect size described by the authors.
The authors also note that adjusting for missing data within
the group examining binding potential caused the results to
become non-significant, further suggesting that the binding
potential may only be a weak indicator of psychosis.

Investigations of more specific populations with less
heterogeneity have better highlighted a role for TSPO-
PET. One recent study examined the association between
['8F]-FEPPA tracer uptake and structural abnormalities
in patients with psychosis to observe significant positive
associations between TSPO volume of distribution and
morphological abnormalities in the left hippocampus [18].
The same group also examined total volume of distribution
of a TSPO-PET ligand in individuals at high-risk for psy-
chosis and found no significant difference between high-
risk individuals and healthy controls in the hippocampus
or dorsolateral prefrontal cortex [19], suggesting TSPO
imaging may not be as useful for individuals at high-risk
of developing psychosis. However, it could also suggest
that the clinical classification system defining who is high
and low risk could be flawed, but substantial discrepan-
cies in the binding abilities of TSPO PET suggests that
tracers are the issue, not the classification system. Others
examining multiple tracers have also found that TSPO-
PET total volume of distribution is significantly lower
in patients with first-episode psychosis or schizophrenia

compared to healthy controls but not in those at high-risk
[20, 21]. However, the discrepancies of effect among dif-
ferent TSPO tracers is still not well understood and is thus
a significant barrier to reliable use as a diagnostic or moni-
toring biomarker.

Sustained confidence about the link between neuroin-
flammation and psychosis as well as the observed inad-
equacies of first-generation TSPO ligands have led to
further studies. A meta-review found that many first-gen-
eration TSPO-PET ligands bind to TSPO non-specifically
in vivo [22]. Further, they are hindered by the need to
be accompanied by genotypic testing, as some genotypes
inhibit binding of the tracer in vivo [23]. Specifically, a
cytosine/thymine (C/T) base pair substitution at rs6971
significantly influences radiotracer binding potential.
High-affinity binders (C/C) have the greatest tracer affin-
ity, low-affinity binders (T/T) have a 50-fold reduction
in affinity, and mixed-affinity binders (C/T) express both
the high-affinity and low-affinity binder TSPO in approxi-
mately equal proportion. Further, polymorphisms in the
rs6971 gene coding for TSPO in humans has been shown
to be related to altered tracer binding characteristics for
the next generation TSPO tracers. Nonetheless, TSPO-PET
imaging with second generation ligands still offers greater
potential to diagnose individuals with psychosis (Table 1).

Several limitations of TSPO-PET imaging are relevant
to discuss. Currently, no randomized studies exist that
evaluate TSPO-PET’s ability to identify individuals with
psychosis, and existing nonrandomized studies are vul-
nerable to substantial levels of confirmation and selection
bias. Further, other targets of hyperinflammatory neuro-
immune responses exist and may provide superior PET
imaging performance than TSPO ligands (e.g., COX1 and
2 and colony stimulating factor 1) [24]. Others exist but
are outside the scope of this review. A discussion of them
can be found in the cited text [25].

Importantly, two randomized controlled trials evalu-
ating drugs that target microglial activation suggest that
microglia likely do not play a causative role in schizo-
phrenia [26, 27]. However, it is possible that neuroin-
flammatory therapies could still benefit some individuals
with schizophrenia who have particularly high levels of
neuroinflammation. This hypothesis has been investi-
gated by examining the presence of T and B lymphocytes
amongst subpopulations of schizophrenic patients, finding
that 15-37% of patients with schizophrenia had elevated
lymphocyte counts throughout the brain [28]. If there is a
definable subpopulation of patients with schizophrenia for
whom inflammation is a key driver of pathogenesis, PET
imaging of microglial activation might have utility as a
predictive biomarker of treatment response and a monitor-
ing biomarker of neuroimmune functioning [10].
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Table 1 PET tracers currently
in use for the study of psychosis
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Tracer

Structure

Binding Affinity

In vivo Target

['*FJFDOPA

HO. I

HO 7 °F

0.05-0.25°
(depends on cortical structure)

Substrate for amino
acid decarboxylase;
used to measure
dopaminergic
functioning in the brain

['*F]ASEM

0.84 nM*

Binds to the «7-nAChR
receptor, which is
expressed highly in the
hippocampus and is
thought to drive
downstream striatal
dopaminergic function

['*F]DBT-10

0.6 nM*

Binds to the a7-nAChR
receptor, which is
expressed highly in the
hippocampus and is
thought to drive
downstream striatal
dopaminergic function

[''C]Raclopride

1 nM

Dopamine D; receptor
antagonist

TSPO Imaging

[''CIDAA1106

0.2-13.1 nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain

[''CIPBR28

2.2-52nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain

['IC]Ro 5-4864

>40 nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the

brain

[1ICI(R)-PK 11195

2.1-28.5nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain

[''C]PBRO1

1.40 nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain

[3C]DPA-713

15.0-66.4 nM

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain

[¥F]GE-180

O N
OMe ~

18F

1:5 - 1:15°

Binds to peripheral
benzodiazepine
receptors (TSPO) in the
brain
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Table 1 (continued)

Note: the tracers reported under the TSPO imaging section are only meant to be a sampling. More tracers

exist and can be found in Refs. [48, 49]. Binding affinity information for TSPO tracers in this table was

adapted from [48]
Indicates data cited from [50]

®Indicates a K; value

“Indicates a ratio of high affinity genotype binding affinity to low affinity genotype binding affinity

Dopaminergic dysfunction

['®F]fluoro-L-dihydroxyphenylalanine (['*F][FDOPA) PET
imaging of dopaminergic activity is one of the most studied
diagnostic biomarkers for psychosis. The present under-
standing of psychosis includes dopaminergic dysfunction
as a key causative factor, and all current antipsychotics target
dopaminergic functioning in various ways [29]. However,
different hypotheses of dopaminergic dysfunction have been
suggested (e.g., presynaptic striatal dysfunction, dopamine
receptor dysfunction, etc.) and are still being evaluated for
their utility in the understanding of psychosis [30].

A meta-analysis of 113 patients with schizophrenia and
131 healthy controls examining presynaptic striatal dopa-
mine synthesis capacity (DSC) measured via PET imaging
found that patients with schizophrenia exhibited significantly
higher levels (14%) of DSC compared to healthy controls in
the caudate nucleus and the putamen [31]. Possessing less
heterogeneity than other imaging meta-analyses, this study
provides strong support for elevated DSC as a diagnostic
biomarker for schizophrenia. In addition, a second meta-
analysis examining the density of the dopamine active trans-
porter (DAT) in the striatum of patients with schizophrenia
and healthy controls found no significant difference between
patients and controls, suggesting that an abnormal density
striatal dopamine receptors is not a marker for schizophrenia
[32]. In another more recent study using Raclopride PET,
the authors found no significant correlation between DSC
and D2 receptor availability in the striatum but did find a
significant correlation in the putamen, confirming the results
above [33].

A larger meta-analysis examining 618 patients with schiz-
ophrenia and 606 healthy controls examined in vivo striatal
dopaminergic function via either PET or single-photon emis-
sion computed tomography (SPECT) imaging. The authors
found that there was a significant elevation in presynaptic
dopaminergic levels, no change in DAT levels, and a small
increase in dopamine D2/3 receptor availability [34], which
is known to be associated with elevated DSC [35]. Finally,
one recent study examining dopamine release during cogni-
tive tasks among patients with schizophrenia found signifi-
cant dopamine depletion when performing cognitive tasks
amongst this population compared to healthy controls [36],
perhaps helping explain the increase in D2/3 receptor avail-
ability found elsewhere. While these studies come to similar

conclusions, it is possible that the meta-analyses were influ-
enced by publication bias (the authors noted asymmetry in
funnel plots for studies examining presynaptic dopaminergic
function), non-randomized design of included studies, or
confounders such as alcohol use, which is also associated
with dopaminergic dysfunction [37].

Despite strong evidence for the use of dopaminergic dys-
function as a diagnostic biomarker of psychosis, limitations
remain. Most individual studies are substantially limited in
that they do not longitudinally assess dopaminergic dysfunc-
tion within individuals, nor do they evaluate the ability to
distinguish between different psychiatric disorders involving
psychosis among a randomized, blinded cohort. Regardless,
existing studies show with great confidence that psychosis
and high-risk status for psychosis are associated with stri-
atal dopaminergic dysfunction, which is useful for diagnos-
tic purposes, but cross-sectional study designs limit causal
inference.

a7-nAChR receptor

Elevated dopaminergic activity in the associative striatum
has led to the search for upstream targets that could be
modulated to quell downstream dysfunction. Recent studies
have found that hippocampal hyperactivity may drive dopa-
minergic dysfunction in the striatum [10, 38]. Accordingly,
efforts have targeted the a7 nicotinic cholinergic receptor
(a7-nAChR), which is expressed on GABAergic interneu-
rons in the hippocampus [39]. Existing research suggests
that the density of the «7-nAChR is lower in the hippocampi
of people with schizophrenia than healthy controls [40] and
that abnormalities in the gene encoding the receptor are pre-
sent at a higher rate in schizophrenics than healthy controls
[41], making it a promising therapeutic target for those with
psychosis and a potential diagnostic biomarker (Fig. 1).
Limited research has been conducted with ['®F]-ASEM
(3-(1,4-diazabicyclo[3.2.2]nonan-4-yl)-6-18F-
fluorodibenzo[b,d]thiophene 5,5-dioxide (['*F]JASEM)
PET imaging of the a7-nAChR in psychosis. In one cross-
sectional study of 11 patients with recent-onset psychosis
and 15 healthy controls, researchers used ['*FJASEM PET
to measure the availability of the a7-nAChR in the hip-
pocampi [42]; the study found that those with non-affec-
tive psychosis, had significantly lower binding of the ['®F]
ASEM PET ligands in the hippocampi compared to controls,

@ Springer



Clinical and Translational Imaging (2022) 10:113-122

118
a
(o]
25 1
=
©
g
] X
5 201 —_
o
]
5
3 —%
K] Xx
-
& 157 R -ore-
— olo—
—
10
O Control (N=15) X AP (N=6) ® NP (N=5)

Fig.1 “Comparison between 'SF-ASEM total distribution volume
(V) values from non-smoking participants that were grouped as
healthy controls (N=15), patients with recent-onset of affective psy-
chosis (AP) (N=6) or patients with recent-onset of non-affective
psychosis (NP) (N=5). a Scatterplot of 'F-ASEM Vy values in
hippocampus from healthy controls, patients with AP and patients
with NP. V. was estimated from images corrected for partial volume
effects and mean and standard deviation values are shown (lines). b
Mean parametric '*F-ASEM V; images derived from PET data that
were uncorrected for partial volume effects from the study population
of 15 controls (top panel), six patients with AP (middle panel), and
five patients with NP (lower panel) suggest group differences in bind-
ing outside the hippocampus as well. Images are displayed in groups
of three views (left to right: axial, sagittal, coronal) and V is in units
of mL cm™.” This figure was reproduced with permission from [42].”

underscoring this modality as a potential diagnostic tool.
Imaging studies in both animals and humans have confirmed
that binding of the ASEM PET ligand was lower in con-
trols than in subjects with psychosis [43—45]. However, our
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understanding of the «7-nAChR in patients with psychosis
is still preliminary. Further, to the author’s knowledge, no
prospective, blinded studies have been conducted evaluat-
ing ['8F]JASEM PET’s accuracy in identifying patients with
psychosis over healthy controls. Additionally, recent stud-
ies suggest that levels of the ®7-nAChR are abnormal in
individuals with mild cognitive impairment [46] and change
naturally with aging [47], both of which would confound the
tracer’s ability to identify individuals with psychosis over
other neuropathological illnesses. Used alongside profes-
sional judgement and symptomatic evaluation, however,
['®F]ASEM PET may possess utility as a diagnostic marker
of psychosis.

Outcome biomarkers
Prognostic biomarkers

PET imaging prognostic biomarkers have centred around
the use of dopaminergic dysfunction in patients at high-risk
for developing psychosis. A study by Howes et al. examined
longitudinal, within-subject changes in striatal DSC among
individuals who transitioned from high-risk to psychotic
states [51]. Twenty subjects were scanned with ['®F]FDOPA
PET on two separate occasions: first when presenting as
high-risk patients and then again 2 years later. At the second
scan, eight subjects had developed a psychotic disorder. This
study showed that there was a significant increase in the rate
constant (k") of subjects who developed psychosis between
the baseline and final scan in the associative striatum only,
with the greatest difference being in the right putamen [51]
(Fig. 2).

At the time of publishing, this study did not offer conclu-
sive evidence that striatal DSC could be used as a prognostic
biomarker in high-risk individuals, mainly because the data
did not show that the increase in the transition group was dif-
ferent from any increases in the group that was high-risk but
did not develop psychosis. This suggests that either elevated
DSC may not be specific to the development of psychosis or
that the effects are due to a small sample size. The authors
subsequently published a study on a larger cohort that found
significant differences between the transition group (from
high-risk to psychosis) and the non-transition group, as well
as between the transition group and healthy controls, sug-
gesting that the original limitations of the study were due
to sample size [52]. Taken together, these results suggest
that DSC (measured via k") in patients at high-risk for
developing psychosis can be used as a prognostic biomarker
to identify those who will develop schizophrenia, although
additional research is needed in this area.
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Fig.2 a “Showing within-subject changes in striatal dopamine syn-
thesis capacity in the sensorimotor striatum of subjects who had
developed psychosis by scan 2. The group mean (error bars=sd) is
shown at the side for each time point (*P <0.05).” b “Progressive
increase in dopamine synthesis capacity in subjects who made the

Predictive biomarkers

Approximately one third of patients with schizophrenia
are treatment resistant [8]. Identification of patients who
will respond to antipsychotic therapy will thus hasten the
application of effective treatments and avoid unnecessary
physical, social, and monetary costs associated with taking
ineffective treatments.

The percent occupancy of dopamine D2 receptors has
been studied for its ability to predict one’s response to antip-
sychotic therapies. In one study, researchers used SPECT
to measure in vivo occupancy of striatal D2 receptors in
18 healthy controls and 18 treatment naive schizophrenics.
The study determined that intrasynaptic dopamine deple-
tion resulted in significantly less D2 receptor occupancy in
patients with schizophrenia than in healthy controls [53].
Further, schizophrenia patients with elevated synaptic
dopamine levels experience greater responses to antipsy-
chotics than those with normal synaptic dopamine levels
[53]. Importantly, the predictive capabilities only held for
the reduction of positive symptoms, as there was no signifi-
cant change in negative symptoms across the cohort [53].
Although D2 receptor occupancy and synaptic dopamine
levels were measured via SPECT in this work, this study
offered a promising proof-of-concept for subsequent PET
imaging studies.

PET studies have produced comparable results. In a ret-
rospective study comparing 12 treatment-responsive with 12
treatment-nonresponsive patients with Schizophrenia and 12

transition from the prodromal phase to a first episode of psychosis.
There was a longitudinal increase in the right putamen (cluster extent:
124 voxels, MNI coordinates of peak voxel 30,—4, 6; P=0.008 clus-
ter corrected).” These figures were reproduced and combined into one
figure with permission from [51]

healthy controls, researchers found that ['®F]JFDOPA uptake,
measured by £, was greater in the associative and limbic
striatum of the treatment-responsive group when compared
to both the treatment-resistant and healthy control groups.
Notably, there was no difference between the treatment-
nonresponsive group and healthy controls, indicating that
this predictive marker could have a low specificity (Fig. 3).
A subsequent prospective study of 26 antipsychotic-naive
patients with first-episode psychosis and 14 healthy controls
examined ['®F]JFDOPA uptake and revealed that the k" in
the associative striatum was significantly higher in patients
who demonstrated a positive response to antipsychotics than
those who did not [54], underscoring differences in baseline
striatal dopaminergic function detectable at the first episode
of psychosis.

Current work suggests that ['*FJFDOPA PET is a reli-
able marker of treatment response but not of treatment non-
response. A recent study assessing DSC in six antipsychotic
non-responders with psychosis, eight responders, and ten
healthy controls found that DSC levels were significantly
higher in responders than healthy controls, confirming the
positive predictive capability of DSC for psychosis [55].
However, the researchers noted that glutamate levels were
significantly higher in the anterior cingulate cortex in treat-
ment non-responders compared to healthy controls [55].
This has been noted in other cohorts as well [56, 57], sug-
gesting that glutamate levels (measured via proton magnetic
resonance spectroscopy) alongside ['*FJFDOPA PET may
represent the ideal way to reliably predict treatment response
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Fig.3 a “Voxel-wise analysis of treatment responders compared to
non-responders. Increased dopamine synthesis capacity, relative to
non-responder patients (N=13), in patients who respond to treatment
(N=13). The most significant increase was in voxels in right caudate
(peak MNI coordinates x=18, y=20, z=2; pFWE corr=0.026) and
left putamen (peak MNI coordinates x= —24, y=8, z= —2; pFWE

and non-response among individuals with psychosis. How-
ever, the concurrent use of these two modalities is resource-
intensive, which further highlights the need for a unified
predictive PET marker of psychosis.

Additional efforts have been made to bypass the need to
use two biomarkers to predict response. For instance, some
recent work has paired ['*F]JFDOPA PET with machine
learning methods of analysis to identify potential responders,
achieving 40-60% sensitivity at 100% specificity [58]. Oth-
ers have combined measurements of DSC via ['*FJFDOPA
PET with measures of functional connectivity in the fron-
tostriatal circuits measured via fMRI [59]. This work reli-
ably identified the individuals who had a positive response
to first-line antipsychotics [59]. However, these methods
are largely new and relatively understudied such that they
require additional research to better determine efficacy.

Conclusion

PET imaging biomarkers have great promise as diagnostic,
prognostic, and predictive markers for psychosis. At present,
biomarkers with the greatest possible clinical utility have
centred around measuring neuroinflammation, dopaminergic
dysfunction, and the a7-nAChR receptor density. Existing
research is limited by a lack of randomized controlled trials
evaluating the sensitivity and specificity of such markers in
diagnosing and predicting psychosis and treatment response.
Further, the ability of existing PET ligands to detect psycho-
sis over other illnesses (and subtypes of psychosis) is limited
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corr=0.027).” b “Mean dopamine synthesis capacity by group.
Dopamine synthesis capacity is elevated at baseline in patients who
subsequently respond to antipsychotic treatment, compared to con-
trols and nonresponders (Cohen’s d effect size=1.31 and 1.55,
respectively). Error bars indicate standard error of the mean.” Figures
reproduced with permission without changes from [54]

by a lack of randomized, prospective trails and suggests that
PET tracers offer the most utility when used in conjunction
with a clinical evaluation. Nonetheless, PET imaging is an
evolving and promising means of improving the diagnosis
and management of psychosis.
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