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1. INTRODUCTION

Positron emission tomography (PET) and single photon emission
computed tomography (SPECT) are radiotracer-based noninvasive imaging
techniques that provide quantitative binding information on specific target
areas of interest.”> PET and SPECT have been proven to be particularly
valuable for imaging targets in the central nervous system (CNS) due to
inaccessibility of the human brain, providing impact at various stages of
the drug discovery process, from informing basic pharmacology to
enabling critical decision-making in clinical evaluations of novel
pharmaceuticals. To enable PET and SPECT brain imaging, suitable
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radiotracers need to be developed. Such processes, however, can often be
arduous and lengthy due to the challenge of meeting a demanding set of
prerequisite attributes for a tracer.” In this review, we will compare these
two imaging modalities, highlight recent advances in CNS PET tracer
development, and review recent data in the field of SPECT in brain
imaging.

2. PET AND SPECT

While PET and SPECT bear similarities in their functions in brain im-
aging, they have their own strengths and limitations. In terms of radionu-
clides (Table 8.1), PET requires positron-emitting radionuclides such as
[''C] and ['®F], while SPECT requires gamma-emitting radionuclides such
as ['*°I] and [”™Tc]. Routinely used PET radionuclides such as [''C] and
['®F] are isotopes of elements commonly found in drug-like molecules that
can be incorporated into these molecules with minimal impact on their
physicochemical and pharmacological properties. Thereby, these radionu-
clides offer greater flexibility in tracer design in comparison to SPECT
radionuclides which may result in modification of physicochemical and
pharmacological properties upon incorporation into molecules. On
the other hand, the shorter half-lives of PET radionuclides, [''C]
(T},»=20 min) and ['*F] (T} ,»=110 min), constitute a disadvantage in that
rapid synthesis/purification as well as proximity to a cyclotron facility is
required for their successful preparation. In comparison, SPECT radionu-
clides, such as ['*1] (Ty,,=13 h) and [*”™T¢] (T},,=6 h), have relatively
longer half-lives and can be bought commercially or synthesized onsite with

Table 8.1 PET and SPECT radionuclides

PET radionuclides T12 SPECT radionuclides Ti2 (h)
e 20 min oomTe 6
18p 110 min | 13
PN 10 min | 73
0 2 min Ga 78
*Cu 12.8h L 68
Ga 68 min Xe 127

8 2R b 1.3 min 131 192
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low-cost generators, thus offering more flexibility in tracer synthesis, lower
cost, and better access to the technique.” In terms of brain imaging, currently
PET ofters superior spatial resolution (as low as 1.2 mm) and sensitivity to
allow quantification of tracer concentration in brain regions of interest with
higher degree of accuracy. In contrast, SPECT has lower spatial resolution
(~10-14 mm) and sensitivity (2—3 orders of magnitude lower than PET).
This drawback in sensitivity mainly stems from the limited geometry effi-
ciencies of SPECT collimators which can only detect photons within a small
angular range, thus recording a smaller percentage of emission events. In ad-
dition, both spatial resolution and sensitivity of SPECT are position depen-
dent, with increased attenuation and scattering of the signal as it travels
through the body and dense tissues. Therefore, SPECT, in general, requires
a larger number of attenuation corrections and longer scan times, often
yielding noisier images that are more challenging to quantify.”

3. CNS PET TRACERS: GENERAL REQUIREMENTS
AND KEY HURDLES

There are many criteria that must be met by successful PET ligands.
From a chemical structure point of view, a PET tracer should have functional
groups that allow for rapid radiolabeling to accommodate the short half-lives
of PET radionuclides. In terms of pharmacology, a PET tracer must be highly
potent and selective toward its intended pharmacological target, which often
requires subnanomolar potency and greater than 100-fold selectivity over
other targets. In terms of metabolism, tracers that form permeable radioactive
metabolites should be avoided to prevent confounding quantification results as
the PET detector measures total radioactivity without distinction of origin. In
addition to the aforementioned criteria, a suitable PET tracer also needs to be
brain permeable and must have low nonspecific binding (NSB) to achieve
requisite signal-to-noise ratio. In fact, poor brain permeability and high
NSB are the most frequent causes for failure in CNS PET ligand develop-
ment.” Historically, lipophilicity parameters such as log P and log D have been
used as criteria to predict brain permeability and NSB. A general notion
within the PET field is that lower lipophilicity typically leads to lower
NSB, yet lipophilicity needs to reside in a certain range (e.g., logP 1.5-2.5
or logD 1-3) in order to retain brain permeability.”® This over simplified
approach, however, has not been sufficient to predict PET tracers
performance in vivo. Furthermore, the rather narrowly defined ranges of
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such parameters significantly restrict the scope of potential substrates for PET
tracer development. Therefore, deeper understanding of molecular properties
that are required for optimum brain permeability and low NSB as well as new
research tools and assays that predict these two important parameters in vivo
will likely provide significant impact in improving the overall efficiency of
the CNS PET development process.

4. RECENT ADVANCES IN CNS PET TRACER
DEVELOPMENT

4.1. Approaches to predict in vivo NSB

A biomathematical modeling approach to predict in vivo performance of PET
radiotracers has been reported.” This method estimates the coefficients of var-
iation of binding potential (%COV|[BP|Np), through Monte Carlo simula-
tions based on in silico and in vitro physicochemical and pharmacological
properties of candidate PET molecules including lipophilicity, molecular vol-
ume, free fractions in plasma and tissue, target density, affinity, perfusion, cap-
illary surface area, and apparent aqueous volume in plasma and tissue. The
performance of this approach was evaluated against a dataset containing 28
candidate PET tracers with preclinical in vivo endpoints available for compar-
ison. In general, ranking of the tracers was consistent with their performance
in vivo, with lower %COV[BP|np values generated for clinically proven
tracers such as [''C]flumazenil and [''C]raclopride and higher values observed
for poor performing tracers such as [ 'C]JPK11195 and [''C]GR205171.
Several methods evaluating the affinity of ligands for lipid membranes have
also been reported as approaches to predict NSB. A high-throughput electro-
kinetic chromatography (EKC) method was developed based on a concept
that the NSB of a given radiotracer primarily arises from its interaction with
lipid cell membranes.'” Three liposome and one surfactant vesicle systems
were explored as pseudo-stationary phases to estimate membrane affinity of
candidate molecules. Results indicated that the EKC analysis associated with
an AOT (docusate sodium salt) vesicle system was shown to be the best ap-
proach, offering short run times, low cost, high reproducibility, and, impor-
tantly, a statistically significant correlation of retention times with in vitro or in
vivo measured NSB parameters. Based on a similar tracer-lipid membrane in-
teraction concept, an ab initio method showed a good correlation of the cal-
culated drug-lipid interaction energy E;, with the in vivo measured NSB
values of 10 clinically validated PET tracers.'" A recent publication from
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the same group further validated this hypothesis by expanding the validation
dataset to a set of 22 new candidate CNS PET tracers.'> Full ab initio quantum
mechanical calculations appear to be necessary for a successful correlation as
further attempts to speed up the calculation using several semiempirical
methods failed to reproduce the correlation. This might limit the use of this
method as a virtual screen tool due to slow computational processes. Recently,
a similar correlation between in vivo specific binding (BPnp) and com-
pound—membrane interactions (K,,) measured by immobilized artificial mem-
brane chromatography was reported using a validation set consisting of 10
known tracers. Higher K, values were shown to correlate with lower BPnp
values, thus higher in vivo NSB, and K,,, <250 was proposed as a preferred
range to prioritize compounds for tracer development.'” Furthermore, corre-
lation of in vivo brain permeability with additional in vitro HPLC-measured
properties, such as lipophilicity (log P), permeability (P,,,), and plasma protein
binding (PPB), was also explored using the same validation set. The results
demonstrated that log P was not a reliable predictor for brain permeability,
whereas a stronger correlation was observed with high P, and a specific range
of PPB (45-85%).

4.2. Design and selection parameters for PET tracer
development

In another approach to increase the ability to predict brain permeability and
NSB and enable the selection of successful PET tracers in an accelerated
way, a systematic analysis of a dataset containing 62 clinically validated
PET tracers and 15 failed tracers due to high in vivo NSB was carried out.
The intent of this analysis was to define a desired property space for CNS
PET tracers based on key differences between successful and failed tracers
with respect to physicochemical properties and in vitro ADME endpoints.'*
For analysis of the physicochemical properties, a simple multiparameter op-
timization design tool (CNS MPO Desirability Score) was used to assess
drug-like and brain penetration properties of tracers in the dataset.> The
CNS MPO helps assess the alignment of six fundamental physicochemical
properties that lead to drug-like, brain penetrant molecules and offers greater
flexibility in CNS compound design beyond the use of single parameters or
hard cutoffs. The in vitro ADME endpoints examined included human and
rat liver microsomal clearance, RRCK Papp permeability, MDR1 (P-gp)
efflux, and fraction unbound in brain (Fu_b) and plasma (Fu_p). Based
on this analysis, in addition to the existing knowledge of in vitro pharmacol-
ogy and selectivity criteria (B,,,«/Kg>10 and selectivity >30x—-100 X), a
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set of preferred design and selection parameters for a successtul PET tracer
were proposed. In terms of physicochemical properties, CNS MPO desir-
ability scores >5 (CNS MPO2 > 3)'° and/or log D < 3 should be targeted in
the design and selection of PET ligands. In terms of PK parameters, RRCK
Papp AB>5x10"°cm/s for moderate to good passive permeability,
MDR1 BA/AB < 2.5 for low P-gp liability, and cFu_b (calculated fraction
unbound in brain) >0.05 and cFu_p (calculated fraction unbound in brain)
>0.15 for low risk of in vivo NSB should be targeted. This set of defined
parameters was further evaluated against the profiles of 10 top performing
CNS PET tracers selected based on their frequency of use, acceptance in
the field, robust test—retest reliability, and good properties for quantification.
This set of top performing tracers showed good alignment with the criteria
defined above, suggesting that the above design and selection parameters
could have the potential to steer novel CNS PET ligand development efforts
toward higher performing ligands rather than marginal performers.

5. NEW CNS PET TRACERS

In the past year, a number of novel PET tracers for several hotly pur-
sued targets in the pharmaceutical industry have been disclosed, driven by
the increased use of PET imaging in clinical development to define receptor
or target occupancy, exposures associated with efficacy, and dose selection.
A better understanding of design principles; availability of chemical matter
with suitable attributes such as better potency, selectivity, and brain perme-
ability; and more efficient radiolabeling methodologies have also led to an
increase in the development of novel PET ligands. New PET tracers devel-
oped for three targets, PDE10a, ORL-1, and FAAH, were selected to illus-
trate the important advances in the PET field.

5.1. PDE10a PET tracers

Phosphodiesterase 10a (PDE10a) is a unique dual specificity enzyme that
hydrolyzes both cAMP and ¢cGMP and plays a key role in regulating cyclic
nucleotide signaling cascade. A suitable PET tracer would allow molecular
imaging of the PDE10a enzyme in living subjects and facilitate the assess-
ment of PDE10a as a drug target for various CNS disorders. The first
reported PDE10a PET effort was the radiosynthesis and in vivo microPET
evaluation of [''C]-labeled papaverine (1), an early PDE10a inhibitor with
moderate potency and selectivity.'” While initial higher accumulation was
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Figure 8.1 Structures of PDE10a PET tracers.

observed in striatum, a PDE10a-enriched region, the rapid washout in both
rats and rhesus monkeys indicated that 1 was not a suitable PET tracer. Fol-
lowing the publication of a highly potent and selective PDE10a inhibitor
MP-10 (2), several reports of novel PET tracers based on this chemotype
emerged recently (Fig. 8.1). Recently, two research groups reported the
development of [''C]MP-10 (3) radiolabeled at the N-methyl of the central

1819 Rapid brain uptake and preferential binding to striatum

pyrazole ring.
were observed with maximum striatum-to-cerebellum ratio of 6.55 and
1.5-2 in rats and rhesus monkeys, respectively. Similar brain uptake and
preferential striatal binding were observed in porcine and baboons as
well. Interestingly, while 3 achieved equilibrium in baboons roughly
40—60 min post dose, in rhesus monkeys, 3 showed continuous
accumulation in striatum and cerebellum and did not reach equilibrium
even at 120 min post dose. Metabolite analysis revealed the extensive
formation of a brain permeable lipophilic radioactive metabolite in
monkey, which may limit the clinical utility of 3. Meanwhile, two ['*F]-
labeled PET tracers derived from analogs of 2 were reported. A N-['"F]
fluoroethyl pyrazole derivative ['®F]JNJ4150417 (4) was found to have
high PDE10a affinity (pICs0=9.3) and showed specific and reversible
binding to PDE10a in rats (peak striatum-to-cerebellum ratio of 4.6).
However, the high lipophilicity (ClogP=4.2) and exceptionally high
protein binding in plasma (99.5%) of 4, coupled with its high affinity,
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led to undesirable slow kinetics.” Subsequent efforts aimed at the
optimization of lipophilicity and affinity by replacing the 2-quinoline with
more polar monocyclic pyridines yielded a superior radiotracer ['°F]
JNJ42259152 (5) with lower lipophilicity (ClogP=23.66) and sufficient
affinity (pIC5,=8.8).>' In rats and monkeys, 5 showed not only higher
striatum-to-cerebellum ratios but also faster kinetics. The favorable overall
profile positioned 5 to enter a first-in-human study for clinical PET
imaging of PDE10a. However, it is worth noting that similar to 3, brain
permeable radioactive metabolites were also detected with 5. Therefore,
there is still a need for additional PDE10a PET tracers that are free of such
metabolite issues. In addition to the MP-10-based PET tracers described
above, two [''C]-labeled PDE10a PET tracers 6 and 7, from an alternative
4-ox0-3,4-dihydroquinazoline chemotype, were recently disclosed in the
patent literature.>* Cold reference compounds of 6 and 7 are highly potent
PDE10a inhibitors with K values of 0.15 and 0.024 nM, respectively. The
in vivo imaging results of these tracers were not discussed in the patent and
have yet to be disclosed. It would be interesting to see whether tracers
based on this alternative chemotype would offer differentiation in their
metabolic profile, thereby minimizing the brain permeable radioactive
metabolite issues associated with MP-10-derived PET tracers.

5.2. ORL1 PET tracers

Opioid receptor-like 1 (ORL1) receptors, also known as nociceptin/
orphanin FQ peptide receptors, are widely expressed in CNS with potential
links to many neuropsychiatric disorders. Development of a suitable PET
tracer for the ORL1 receptor has been challenging due to its low expression
level (Bp,.) and the high lipophilicity of literature leads. The first successtul
ORL1 PET tracer, [''C]-(S)-3-(2'-fluoro-4',5-dihydrospiro[piperidine-
4,7'-thieno-[2,3-c|pyran-1-yl]-2(2-fluorobenzyl)-N-methylpropanamide
(8), was reported in 2011 (Fig. 8.2).>> Through structure—activity relation-
ship (SAR) investigations around the amide alkyl chains and benzyl substi-
tutions and subsequent ex vivo LC-MS/MS measurement in rats, 8 was
identified as the best lead with potent ORL1 affinity (K;=0.15 nM) and
preferential uptake in ORL1-rich brain regions. Baseline imaging in mon-
keys revealed good brain uptake and a brain biodistribution consistent with
that expected of the ORL1 receptor. Importantly, the radioactivity in
ORL1-rich brain regions could be blocked by predosing with a high dose
of naloxone, an opiate receptor antagonist, confirming the specificity of 8 to
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Figure 8.2 Structures of ORL PET tracers.

ORL1 receptor in vivo with an estimated specific to nonspecific ratio of 1.28
[30-90 min brain average area under the curve]. More recently, the charac-
terization of several radiolabeled ORL1 antagonists (Fig. 8.2) were reported.”*
Analogs in a structurally similar spiropiperidine series, 9 (IC50=0.54 nM) and
10 (IC570=0.71 nM), though potent in vitro, showed poor brain permeability
potentially due to high P-gp efflux (ratio > 3). In comparison, a structurally
distinct benzo[d]imidazolone ["*FJMK-0911(11) showed low P-gp efflux
(P-gp ratio =1.4) while retaining favorable potency (ICso=0.56 nM), which
nicely translated into high brain uptake and preferential binding in ORL1
enriched brain regions in monkey microPET imaging studies. The brain
binding of 11 was blocked by a selective ORL1 antagonist MK-0584 in a
dose-responsive manner, with a specific to nonspecific ratio of ~2, achieved
at the high dose of MK-0584. The favorable profiles of 8 and 11 suggest that
they may be suitable PET tracers for imaging ORL1 receptor in humans.

5.3. FAAH PET tracers

The fatty acid amide hydrolase (FAAH) enzyme is a serine hydrolase respon-
sible for degrading the fatty acid amide family of signaling lipids, including
the endocannabinoid anandamide. The involvement of FAAH in pain and
nervous system disorders has made it an attractive target for molecular im-
aging. Three [''C]-labeled FAAH inhibitors have been recently reported as
potential PET tracers for FAAH brain imaging (Fig. 8.3). Two were based
on the irreversible covalent carbamate inhibitor URB597 (12) and one was
based on a reversible FAAH inhibitor (MK-3168, 15). 12 has been shown to
inhibit FAAH irreversibly via carbamylation of FAAH’s catalytic Ser™*',

which acts as a nucleophile. A moderately active URB597 analog 13
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Figure 8.3 Structure of FAAH PET tracers.

(ICs0 =436 nM) was targeted as a PET lead, and a ['' C]-methoxy group was
introduced into the aniline moiety which was expected to remain attached
to the enzyme upon carbamylation. Subsequent biodistribution studies
showed no retention of radioactivity in brain, substantial peripheral metab-
olism, and minimal differences in the biodistribution patterns of wild-type
and FAAH knock-out mice.?® As a follow-up to this effort, the same group
reported PET imaging results of an improved URB597 analog, [ C]JCURB
(14), which was labeled at the carbonyl position using a novel [''C]CO» fix-
ation methodology. In contrast to the previous tracer, 14 showed heteroge-
neous brain binding with little washout over time which was consistent with
irreversible binding. The specific binding of 14 to FAAH was demonstrated
by blocking experiments with a high dose of URB597, with the highest spe-
cific binding ratio observed in cortex and the lowest in hypothalamus.® More
recently, another novel FAAH PET tracer, [''C]MK-3168 (15), was dis-
closed, which unlike previously described tracers binds to FAAH in a revers-
ible noncovalent manner with a Ky of 0.8 nM (human cortex tissue binding).
PET imaging in rhesus monkeys demonstrated heterogeneous, specific brain
uptake, consistent with known regional FAAH distribution.?” Clinical imag-
ing studies have been carried out with 15 to provide receptor occupancy in-
formation supporting the development of a clinical candidate. Good brain
uptake and test/retest variability have been reported.

Recently, our group disclosed SAR eftorts in a novel urea series leading
to the identification of PF-04457845 (16) as a clinical candidate.”® The



Recent Advances in the Development of PET and SPECT Tracers 115

excellent potency, selectivity, and pharmacokinetic properties of 16 make it
an attractive scaffold for PET tracer development. Toward this end, we de-
veloped ['®F]PF-9811 (17), based on a close-in analog of 16, wherein the
trifluoromethyl moiety was replaced with a fluoroethoxy group, without
impact in in vitro FAAH potency (ICso =16 nM) and in vivo FAAH inhibi-
tion activity (complete inhibition of FAAH in vivo at 10 mg/kg p.o. in
C57B1/6 mice). Biodistribution experiments of 17 in rats showed good
uptake in all regions of the brain, with preferential binding in the cortex,
hippocampus, and cerebellum, and a statistically significant radiosignal in-
crease from the 10 to 90-min time points, consistent with the characteristics
of an irreversible inhibitor. Specificity of 17 for FAAH was demonstrated by
pretreatment with 16, which reduced uptake across all brain regions
(37-73% at 90 min). In addition, 17 was evaluated in rat microPET studies
and the results largely mirrored those of the biodistribution study, with high
brain uptake and specific FAAH binding. The favorable outcome suggests
that 17 represents a promising PET tracer for FAAH imaging with the po-
tential advantage of a ['®F] radionuclide for higher resolution and flexibility

. . 29
in scan times.

6. SPECT IN BRAIN IMAGING

SPECT has been successfully used in brain imaging, and the structures
of representative clinically validated CNS SPECT tracers are shown in
Fig. 8.4. The prerequisite attributes for a suitable CNS SPECT radiotracer
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Figure 8.4 Structures of representative CNS SPECT tracers.
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are similar to those of CNS PET tracers. However, there are added chal-
lenges for a SPECT tracer to meet the same set of criteria due to the nature
and intrinsic properties of its radionuclides. SPECT radionuclides, such as
['*°I] and [*™T¢], are uncommon to CNS drug-like molecules, and incor-
poration of such radionuclides may impact physicochemical and pharmaco-
logical properties. For example, the incorporation of an ['*’I] atom could
add significant lipophilicity to the parent molecule, therefore increasing
the risk of NSB. In the same way, introduction of [*”™Tc] would require
tethering a metal complex to a small molecule, which may have significant
impact on affinity for the target. Therefore, it is not surprising that most cur-
rently available CNS SPECT tracers are centered around certain type of tar-
gets, those with polar ligands which can tolerate an increase in lipophilicity
(e.g., serotonin transporter, nicotinic acetylcholine receptors, and dopamine
receptors) or those with high expression levels which can tolerate some loss
in potency upon introduction of the SPECT radionuclide. As an example,
[*”™Tc]-labeled CNS SPECT tracers have been successfully developed for
the dopamine transporter due to the exceptionally high brain expression
level of this transporter. One such example is [*”"Tc]TRODAT-1 (21),
which is shown in Fig. 8.4.

Despite the limited number of clinically proven SPECT tracers available to
date,

yielded highly impactful information and answers to important clinical neu-

SPECT brain imaging studies on various neurological disorders have

ropharmacological questions. Dopamine transporter SPECT tracers, such as
['ZIJFP-CIT (18) and ['*’I]B-CIT (19), are sensitive markers of dopamine
neurodegeneration and have been successtully used in clinical studies to assess
Parkinson’s disease (PD) based on the correlation between reduction in
nigrostriatal binding and disease severity.”"> In a recent report, SPECT
imaging using 18 was also used to generate a striatal asymmetry index as a
potential predictor of responsiveness to L-DOPA in patients with PD.”'
A structurally similar tracer, ['>IJPE2I (20), has shown promise as a highly
sensitive and specific diagnostic tool to detect striatal neurodegeneration in
patients with minor Parkinsonian symptoms.”> SPECT tracers for other
neuroreceptors have also shown promise in detecting subtle changes in
receptor binding or expression levels as biomarkers for tracking various
neurological disorders. For example, the nicotinic a4f2 SPECT tracer,
['*1]51-A-85380 (22), was recently used to detect alterations in o4p2
receptor binding in patients with vascular dementia who showed decreased
uptake of tracer in subcortical regions such as the dorsal thalamus and right
caudate compared to age controlled healthy volunteers.” In similar studies,
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a serotonin transporter tracer, ['*IJADAM (23), was used to assess the
potential involvement of the mesopontine serotonergic system in the
pathophysiology of migraine, revealing an increase in serotonin transporter
binding in the brainstem of patients who suffer from migraines.”* Recent
publications on the development of SPECT tracers for in vivo detection of
B-amyloid plaques are also encouraging. Two iodine-containing compounds,
benzoimidazole 26 and aurone derivative FIAR 27, were identified as
improved SPECT tracer leads over ['"ZIIMPY (25), the most advanced
SPECT tracer for P-amyloid plaque imaging which suffers from a low
signal-to-noise ratio in humans. Both compounds were reported to have
high affinity for AP aggregates and demonstrated good signal-to-noise ratios
and washout rate in mice biodistribution studies (Fig. 8.5).%>

Technical advancements in the field have also dramatically improved the
spatial resolution associated with SPECT measurements. For example,
recently developed NanoSPECT/computed tomography (CT) can achieve
resolution as low as 0.4-0.6 mm, thus allowing efficient imaging in preclin-
ical rodent models which had been unattainable in the past.” This higher
resolution SPECT technique could in principle be used in combination with
microPET to determine the precise structural and functional anatomy of
CNS disorders. The distinct advantages of SPECT in terms of cost and avail-
ability should not be overlooked. If suitable chemotypes are available and
acceptable affinity can be achieved by incorporating SPECT radionuclides,
development of a SPECT radiotracer should be considered as it could serve
as a more economical alternative tool to PET for translational or diagnostic
purposes.

7. CONCLUSIONS

In light of the considerable value of PET and SPECT brain imaging, it
is important to continue to focus on the development of suitable CNS PET
and SPECT tracers. A high performing PET or SPECT tracer will serve as a
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powerful tool to enable clinical evaluation of candidate compounds in terms
of receptor occupancy, efficacious exposures, and doses, ensuring appropri-
ate testing of mechanisms. To enable eftective decision-making in clinical
studies with tracers, it will be optimal to start the tracer development early
in the discovery process. Recent advances in in vitro screening and in silico
tools for NSB prediction as well as tractable selection parameters for medic-
inal chemistry design should facilitate and accelerate the discovery process of
novel CNS PET and SPECT tracers with higher success rates and fewer re-
sources. The exciting group of new PET tracers in PDE10, ORL1, and
FAAH will undoubtedly bring additional proof of the value of PET imaging
in clinical validation of these hotly pursued targets. In addition, new tech-
nical advancements, particularly in SPECT, have led to better resolution/
sensitivity and an expanded role in small animal preclinical imaging. Both
imaging modalities, together with other imaging technologies such as CT
and magnetic resonance imaging, provide an exciting translational research
platform in which each of these technologies brings their unique strengths to
enable high-quality preclinical and clinical studies. PET and SPECT will re-
main impactful technologies in the discovery of future pharmaceuticals for
the treatment of neurological disorders of high unmet medical need.
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