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Phosphodiesterase 10A (PDE10A) plays a key role in the regulation
of brain striatal signaling, and several pharmaceutical companies cur-
rently investigate PDE10A inhibitors in clinical trials for various central
nervous system diseases. A PDE10A PET ligand may provide evidence
that a clinical drug candidate reaches and binds to the target. Here
we describe the successful discovery and initial validation of the novel
radiolabeled PDE10A ligand 5,8-dimethyl-2-[2-((1-1'C-methyl)-4-
phenyl-1H-imidazol-2-yl)-ethyl]-[1,2,4]triazolo[1,5-a]pyridine (*'C-Lu
AEQ92686) and its tritiated analog 3H-Lu AE92686. Methods: Initial
in vitro experiments suggested Lu AE92686 as a promising radio-
ligand, and the corresponding tritiated and 'C-labeled compounds
were synthesized. 3H-Lu AE92686 was evaluated as a ligand for in
vivo occupancy studies in mice and rats, and ''C-Lu AE92686 was
evaluated as a PET tracer candidate in cynomolgus monkeys and in
humans. Results: ''C-Lu AE92686 displayed high specificity and
selectivity for PDE10A-expressing regions in the brain of cynomolgus
monkeys and humans. Similar results were found in rodents using
SH-Lu AE92686. The binding of 1'C-Lu AE92686 and 3H-Lu AE92686 to
striatum was completely and dose-dependently blocked by the
structurally different PDE10A inhibitor 2-[4-(1-methyl-4-pyridin-4-
yl-1H-pyrazol-3-yl)-phenoxymethyl]-quinoline (MP-10) in rodents
and in monkeys. In all species, specific binding of the radioligand
was seen in the striatum but not in the cerebellum, supporting the
use of the cerebellum as a reference region. The binding potentials
(BPnp) of 1'C-Lu AE92686 in the striatum of both cynomolgus mon-
keys and humans were evaluated by the simplified reference tissue
model with the cerebellum as the reference tissue, and BPyp was
found to be high and reproducible—that is, BPyps were 6.5 + 0.3
(n=3)and 7.5 £ 1.0 (n = 12) in monkeys and humans, respectively.
Conclusion: Rodent, monkey, and human tests of labeled Lu
AE92686 suggest that 1'C-Lu AE92686 has great potential as a hu-
man PET tracer for the PDE10A enzyme.
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Phosphodiesterase 10A (PDE10A) is predominantly expressed
in medium spiny neurons and plays a key role in striatal signaling.
During the past 10 y, large efforts have been made to develop
PDE10A inhibitors for the treatment of schizophrenia (/-3). Pre-
clinical evidence in several animal models suggests that PDE10A in-
hibitors can improve positive, negative, and cognitive symptoms of
schizophrenia, and current clinical trials evaluate PDE10A inhibitors
for the treatment of schizophrenia (4). Noninvasive imaging techniques
such as PET may be useful for the clinical development of PDE10A
inhibitors, because they may provide comparative data on the expres-
sion of the enzyme in healthy individuals and in individuals with brain
disorders. Furthermore, a PDE10A PET ligand can be used to provide
evidence that a clinical drug candidate reaches and binds to the target.

The PDE10A enzyme is likely to be a good PET target because of
its high and selective expression in the striatum, which is phylogenet-
ically conserved throughout mammalian species (5). Some attempts to
visualize PDE10A by PET have recently been reported including the
use of the moderately selective PDE10A inhibitor papaverine (6), an
18F_labeled PQ-10 derivative (7), the clinical drug candidate MP-10 (8),
and several 1'C- and '8F-labeled analogs of 2-[4-(1-methyl-4-pyridin-
4-yl-1H-pyrazol-3-yl)-phenoxymethyl]-quinoline (MP-10), including
the ligand '8F-JNJ41510417 (9-11). A first-in-human biodistribution
and dosimetry study of the MP-10 derivative '8F-JNJ-42259152
showed that this tracer displayed promising brain kinetics (/2), and
the potential of the ligand was supported by a test-retest study (13).

The aim of our study was to identify a new PET tracer for PDE10A.
A 3-step strategy was pursued. First, candidate compounds were
selected using the following in vitro and in vivo criteria: physical—
chemical parameters within certain restrictions (/4) (calculated 1-
octanol-water partition coefficient at pH 7.4 [logD], between 1.5
and 3.5; calculated polar surface area, below, 0.70 nm? [70 AZ];
molecular mass < 400 g/mol); high inhibitory activity against
the human enzyme (half maximal inhibitory concentration

Kehler et al. 1513


mailto:BAN@lundbeck.com
http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

< 10 nM); selectivity greater than 100-fold over other targets,
for example, enzymes, receptors, and ion channels; high brain uptake
(brain-to-plasma ratio, >0.4); and an easy radiolabeling in the last
synthesis step. One such compound was 5,8-dimethyl-2-[2-([1-
methyl]-4-phenyl-1H-imidazol-2-yl)-ethyl]-[1,2,4]triazolo[ 1,5-a]pyridine
(Lu AE92686; logD, 3.0; calculated polar surface area, 0.49 nm?
[49 Az]; molecular mass, 331; brain-to-plasma ratio [mice], 0.47;
PDE10A half maximal inhibitory concentration, 0.39 nM; selec-
tivity, >1,000-fold over PDE1b, PDE2, PDE3A, PDE4d6, PDES5a,
PDE7b, PDE9, and PDE11 and >2,000-fold for the standard re-
ceptor and ion channel CEREP panel). The second step comprised
synthesis of a tritiated version of Lu AE92686 (*H-Lu AE92686,
Fig. 1) and evaluation in rats and mice by an in vivo occupancy
assay. Third, the ''C-labeled ligand (*'C-Lu AE92686, Fig. 1) was
synthesized and evaluated in PET studies in monkeys. This article
reports the identification of ''C-Lu AE92686 as a candidate for in
vivo imaging of PDE10A and evaluation in humans.

MATERIALS AND METHODS

Chemistry

The synthesis of 2-[1,2-di-*H-2-(1-methyl-4-phenyl-1H-imidazol-2-
yl)-ethyl]-5,8-dimethyl-[1,2,4]triazolo[ 1,5-a]pyridine (*H-Lu AE92686)
was performed at Amersham (GE Healthcare) by treatment of trans-5,8-
dimethyl-2-[(E)-2-(1-methyl-4-phenyl- 1 H-imidazol-2-yl)-vinyl]-[1,2 4]triazolo
[1,5-a]pyridine (/5) with tritium gas using palladium on carbon as
catalyst. The radiochemical purity of H-Lu AE92686 was above 90%,
and the specific activity was 1.2 GBg/pmol.

The synthesis of 5,8-dimethyl-2-[2-(['!C-1-methyl]-4-phenyl-1H-
imidazol-2-yl)-ethyl]-[1,2,4]triazolo-[1,5-a]pyridine was performed
at Uppsala University by methylation of 5,8-dimethyl-2-[2-(4-phenyl-
1H-imidazol-2-yl)-ethyl]-[1,2,4]triazolo[ 1,5-a]pyridine (15) with ''C-
methyliodide. ''C-Lu AE92686 had radiochemical purity above 95%
and specific radioactivity of about 40 GBg/pumol. A production batch
generally resulted in 1.1 GBq of ''C-Lu AE92686.

Ethical Issues

All animal experiments were approved by the local ethics committee
for animal research and were performed in accordance with institutional
as well as Danish and Swedish national rules and regulations.

The study was approved by the Swedish Medical Products Agency,
the Regional Board of Medical Ethics, and the local radiation ethics
committee at the Uppsala University Hospital. All subjects signed an
informed consent form before inclusion.

In Vivo Studies in Rodents

In vivo binding studies were performed as described in the study by
Larsen et al. (details in the supplemental data [available at http://jnm.
snmjournals.org]) (16,17).

Dosimetry studies were performed in Sprague—Dawley rats injected
in the tail vein with 8.1 = 0.7 MBq of ''C-Lu AE92686 in saline. One
rat of each sex was sacrificed after 2, 5, 10, 20, and 40 min. Blood and
16 organs were immediately extracted, their radioactivity measured in
a well counter, and the weight of the extracted tissues was determined.
The organ radioactivity distribution from rats was extrapolated to
humans, and residence times were calculated and used as an input
for the OLINDA/EXM package (version 1.1; Vanderbilt University)
(18) for estimation of organ equivalent and effective radiation doses.

In Vivo PET Binding Studies in Nonhuman Primates

PET Imaging. Two female cynomolgus monkeys (Macaca fascicu-
laris) were used. Animals were sedated with ketamine (Ketalar [Pfizer];
10 mg/kg) and maintained on a constant infusion of ketamine, 15 mg/kg/h,
during transport. At arrival, they were intubated and maintained on
sevoflurane (Sevofluran [Baxter]; concentration, 2%-5%) and artifi-
cial ventilation. Imaging was performed on a PET camera (SHR 7700
[Hamamatsu]; aperture, 30 cm; field of view, 12 cm; spatial resolution,
3.5 mm). The animal was placed on the camera bed (water-heated
mat < 40°C) and covered to reduce loss of body temperature. Ringer-
Acetate (Fresenius-Kabi; 0.5-1 mL/kg/h) was infused. Both monkeys
first underwent a baseline scan. Then, 1 monkey received a second base-
line scan during the same day, followed by a third scan starting 15 min
after intravenous infusion of MP-10 (0.6 mg/kg) during 15 min. The
second monkey underwent 2 more scans after infusion of MP-10 (0.11
and 1.5 mg/kg). All scans were performed with at least 2 h between
injections to allow for decay of the radioactivity. The acquisition of
PET data started simultaneously with intravenous bolus injection of
13 + 2 MBg/kg of ''C-Lu AE92686, followed by 1 mL of saline. Blood
samples were taken at set times for measurement of whole-blood and
plasma radioactivity concentrations, metabolite analysis, free fraction,
and analysis of drug concentrations. Body temperature, heart rate,
electrocardiogram, pCO,, pO,, SaO, (partial pressure of carbon di-
oxide, partial pressure of oxygen, and arterial oxygen saturation, re-
spectively), and blood pressure were monitored throughout the PET
study. Determination of free fraction in plasma was done by standard
methods (supplemental data).

Image Reconstruction and Analysis. Attenuation correction was
based on a transmission scan with a rotating °8Ge rod source. The
images were reconstructed by filtered backprojection with appropriate

corrections and a 4-mm Hanning filter, result-
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ing in a spatial resolution of about 4 mm.
Image analysis was performed using VOIager
software (GE Healthcare). Early (0-5 min)
and late (40-90 min) summation images were
created to visualize and delineate the regions
of interest (ROIs) (striatum and cerebellum).
Transaxial slices were used for drawing ROIs,
and corresponding regions from both hemi-
spheres were summed. After ensuring that
no head movements had occurred during or
in between scans, the striatum was manually
delineated from late-summation baseline
images and ROIs were imported to the other
scans that had been obtained the same day. Early
frames (0-5 min) were used for delineation of
cerebellum. Decay-corrected time—activity curves

11C-Lu AE92686 were calculated for the ROIs and used in the

FIGURE 1. Synthesis of 3H-Lu AE92686 and of ''C-Lu AE92686.
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kinetic modeling analysis. Modeling was per-
formed using the simplified reference tissue
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model (SRTM) (79,20). Values for the binding potential (BPyp) in
striatum were obtained and used to calculate the PDE10A inhibition in
the drug-challenge experiments.

In Vivo PET Studies in Human Volunteers

Six healthy male subjects (mean age, 25.5 y; SD, 6.2) were included.
As part of the screening procedure before the PET investigations, MR
imaging scans were acquired to exclude subjects with clinically
significant brain abnormalities and to provide anatomic images of the
brain. Flair and T2 sequences were used for evaluation of possible brain
abnormalities and T1 inversion recovery and a turbo field echo 3-
dimensional sequence were conducted to enable coregistration of PET
and MR imaging scans. MR imaging scans were obtained on a 1.5-T
Achieva scanner (Philips Healthcare).

PET investigations were performed on an ECAT EXACT HR+
scanner (Siemens). After a 10-min transmission scan with rotating
%8Ge rods, approximately 370 MBq of ''C-Lu AE92686 were admin-
istered intravenously as a bolus injection. Simultaneously, a dynamic
emission scan was started in 3-dimensional mode, consisting of 25
time frames with progressive frame duration (6 x 10, 3 x 20, 2 x 30,
2 x 60, 2 x 150, 4 x 300, and 6 X 600 s) and a total duration of 90 min.
Each subject underwent 2 scans during the same day with at least 2 h
between injections for assessment of reproducibility. Images were
reconstructed using normalization and attenuation-weighted ordered-
subsets expectation maximization (6 iterations, 8 subsets), applying all
appropriate corrections and a 4-mm Hanning filter, into an 128 x 128
matrix with a pixel size of 2 X 2 X 2.4 mm.

Blood Sampling. Continuous arterial blood sampling was done during
the first 10 min of PET scanning, followed by discrete 5-mL arterial
blood sampling at 5, 10, 15, 20, 45, and 60 min after tracer injection for
measurement of whole-blood and plasma radioactivity concentrations
and metabolite analysis to determine percentage intact ''C-Lu AE92686
according to the method described above.

Data Analysis. Volumes of interest were drawn manually over the
striatum and cerebellar cortex in summed PET images using VOlager
and transferred to the dynamic dataset to obtain time—activity curves.
Dynamic data were analyzed using single-tissue (2k) as well as irre-
versible (3k) and reversible (4k) 2-tissue-compartment models, includ-
ing a fitted blood volume component, with nonlinear regression of the
operational equations of these models to the measured striatal and cer-
ebellar time—activity curves. The metabolite-corrected plasma time—
activity curve was used as input curve. The optimal compartmental
model was determined using the Akaike and Schwarz criteria (27). In
addition, the Logan graphical method (22) was used to estimate the
distribution volume (V). For all reversible models, the binding po-
tential BPyp was determined indirectly as the ratio of Vr in the striatum
and cerebellum (V*" and V1, respectively) minus 1 (DVR-1). To
evaluate the applicability of a reference tissue method, data were ana-

lyzed using SRTM and the reference Logan method (23). The robustness
of each method was assessed using the test—retest scans, and reproduc-
ibility was calculated as the mean of the absolute differences between test
and retest values divided by the average of test and retest.

RESULTS

Metabolite Analysis

In rats, plasma metabolism was fast, with about 15% of ''C-Lu
AE92686 remaining in plasma after 40 min. High-performance liquid
chromatography analysis of plasma samples (Fig. 2A) revealed only
metabolites with faster elution than "C-Lu AE92686, suggest-
ing that mainly more hydrophilic metabolites were formed. High-
performance liquid chromatography analysis of brain samples in-
dicated only a small amount of metabolism in the brain or brain uptake
of radioactive metabolites (data not shown).

In cynomolgus monkeys, ''C-Lu AE92686 displayed rapid metab-
olism, with 65% *+ 4%, 27% =+ 4%, and 12% =+ 2% intact tracer
remaining in plasma at 5, 30 and 90, min after injection, respectively.
In humans, the metabolism of ''"C-Lu AE92686 was considerably
slower than in monkeys, and the rate of metabolism was similar for
all 6 subjects. The percentage of intact !'C-Lu AE92686 in human
plasma is shown in Figure 2B. One hour after tracer administration,
about 70% of the radioactivity measured was still originating from
the tracer itself whereas 30% was related to radiolabeled metabolites.

In Vivo Studies in Rodents

In rats as well as in mice, *H-Lu AE92686 showed high total
binding levels in the striatum and low levels in the cerebellum (Fig. 3),
which is in agreement with the PDE10A expression pattern. We
therefore selected the cerebellum as a reference region defining
the level of nonspecific binding of the tracer. In an initial exper-
iment, 3 doses of *H-Lu AE92686 (107.3, 214.6, or 307.1 kBq)
were injected in mice, and high specific binding was observed in
the striatum, compared with cerebellum, demonstrating a high
signal-to-noise (S/N) ratio at all 3 doses (S/N > 50; Fig.
3A). A similar high S/N ratio was observed at doses of
240.5 and 455.1 kBq in rats (S/N > 50; Fig. 3B). The timing
of radioligand dosing was varied from 5 to 20 min before
measurement, and with all treatment times a more than 50-
fold S/N ratio was obtained (Fig. 3C). Guided by these data,
a dose of 92.5 kBq of *H-Lu AE92686 for mice and a dose of
222 kBq for rats were selected for in vivo binding experi-
ments. The selective PDE10A inhibitor MP-10, which is struc-
turally unrelated to Lu AE92686, was tested for its ability
to block 3H-Lu AE92686 binding in the striatum. MP-10

blocked *H-Lu AE92686 binding to rat
striatum in a dose-dependent manner, with
a median effective dose of 1.2 mg/kg (Fig.
3D). MP-10 blocked 3H-Lu AE92686
binding in the striatum but not the cerebel-
lum, validating the use of the cerebellum as
a reference region (data not shown).

On the basis of the dosimetry studies in
rats, the effective dose in humans is estimated

as 3.1 uSv/MBq, corresponding to 1.1 mSv
for a typical administration of 370 MBq (data
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FIGURE 2. (A) High-performance liquid chromatography radio detector analysis of plasma from

rat removed 40 min after injection of 'C-Lu AE92686. Peak farthest to the right is intact tracer. (B)
Percentage of intact ""C-Lu AE92686 in plasma in humans (6 subjects, 12 scans), mean + SD.
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not shown). Data acquired from toxicologic
studies permitted the administration of ''C-Lu
AE92686 to human subjects (H. Lundbeck
A/S, unpublished data, 2012).
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FIGURE 3. (A) ®H-Lu AE92686 total binding levels in striatum and in cerebellum of mice 10 min

after dosing (n = 5/group). (B) 3H-Lu AE92686 total binding levels in striatum and in cerebellum of
rats 15 min after dosing (n = 6/group). (C) PDE10A binding of 3H-Lu AE92686 in rats as function
of time elapsed after injection of tracer (n = 6/group). (D) Inhibition of 3H-Lu AE92686 binding in
rat striatum by varying doses of MP-10 administered subcutaneously 30 min before measure-

tent with PDE10A expression. Analysis of
the time-activity curves (Fig. 5) showed
that ''C-Lu AE92686 entered the brain rap-
idly and accumulated in the striatum. It
reached a maximum after 15-20 min and then
gradually decreased. In the cerebellum, rapid
washout was observed. BPyp for the striatum
was calculated using the SRTM with the cer-
ebellum as a reference region. The resulting
BPyp in baseline studies was 6.5 *= 0.3
(4%) and showed little variance. The test—
retest PET scans displayed lower variance—
that is, BPxp was 6.6 = 0.2 (2%). Plasma
concentrations after 3 different doses of
MP-10 are depicted graphically in Figure
5A. MP-10 dose-dependently blocked 'C-
Lu AE92686 uptake in the striatum but not
in the cerebellum, confirming the specific-
ity of striatal uptake and the use of the
cerebellum as a reference region (Fig. 5D).
The dose-dependent decrease in striatal !'C-
Lu AE92686 BPnp could be fitted to a 1-site
model (Fig. 5B).

In Vivo PET Studies in
Human Volunteers

ment (n = 6/group). All data presented as mean + SEM.

In Vivo PET Binding Studies in Nonhuman Primates

The specific activity of ''C-Lu AE92686 was 135 = 30 GBq/
pmol (n = 6). The free fraction of ''C-Lu AE92686 in the plasma of
the cynomolgus monkeys was 3.9% = 1%, and MP-10 administration
did not affect the distribution between free and bound tracer in
plasma (data not shown). PET imaging revealed selective uptake
of ''C-Lu AE92686 in the striatum of the monkeys (Fig. 4) consis-

The specific activity of ''C-Lu AE92686

used for human studies was 37 = 18 GBq/

pmol. Injected doses varied between 249 and 478 MBq, with an

average of 423 MBq (scan 1) and 464 MBq (scan 2). The uptake

of "C-Lu AE92686 in the human brain is illustrated with stan-

dardized uptake value PET images from a typical subject (Fig. 6).

As in the monkeys, ''C-Lu AE92686 uptake was clearly strongest
in the striatum, where PDE10A is predominantly expressed (5).

Average time—activity curves of the 6 subjects for the test and

retest scans for the striatum and cerebellum

Transaxial view Coronal view

Base line scan using ""C-LU AE92686
Monkey A

Scan of blockage of ""C-LU AE92686
with 0.11 mg/kg MP-10
Monkey A

Scan of blockage of ""C-LU AE92686
with 0.6 mg/kg MP-10
Monkey D

Cerebellum

Scan of blockage of "'C-LU AE92686
with 1.5 mg/kg MP-10
Monkey A

are shown in Figure 7. ''C-Lu AE92686
exhibited selective uptake in the striatum.
The uptake in the striatum increased grad-
ually with time, peaking 40 min after in-
jection, and thereafter slowly decreased.
The cerebellum showed a low apparent up-
take, which reached the maximum level dur-
ing the first minute after tracer administration.

The applicability of single-tissue (2k) as
well as irreversible (3k) and reversible (4k)
2-tissue-compartment models was assessed. In
the striatum, the 2k, 3k, and 4k models were
preferred in 6, 1, and 5 of 12 cases, respectively,
according to the Akaike criterion, and in 7, 3,
and 2 cases according to the Schwarz criterion.
In the cerebellum, these numbers were 1, 11,
and 0 and 3, 9, and 0, respectively. On the basis
of these results, the 3k model was discarded
for further analysis of striatal data. The
reproducibility and absolute and relative re-
peatability of BPyp and DVR-1 in the striatum

Sagittal view

FIGURE 4. Standardized uptake value (SUV) images (15-90 min) at baseline and after blocking
studies with 1'C-Lu AE92686 in the 2 monkeys. Pseudocolor scale is shown on outmost right, and
0%-100% spans from SUV 0 to 10. Sections displayed visualize the striatum, which is clearly

observed.
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are given in Table 1.

The cerebellar time—activity curves could
not be fitted robustly by any of the plasma-
input compartment models. The 2k model
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vivo binding ligand for robust and good
throughput determination of in vivo occu-
pancy of PDEI10 ligands in mice and rats.
The S/N ratio for 3H-Lu AE92686 in in
vivo binding (striatum vs. cerebellum)
was high (S/N > 50) as compared with
in vivo binding with tritiated versions of
established PET ligands such as the seroto-

nin transporter ligand MADAM (S/N = 4,
data not shown) and the dopamine D, re-
ceptor ligand raclopride (S/N = 20, data
not shown), encouraging us to proceed
with 11C labeling of Lu AE92686, which
was evaluated in vivo in cynomolgus mon-
keys and in humans. The PET data could
be analyzed using the SRTM with the cer-
ebellum as a reference tissue. ''C-Lu

-6~ Baseline, STR
-5 0.11 mgkg, STR
-4 0.60 mgkg, STR
-+~ 1.50 mgkg, STR
—e— Base line, CBL
-=- 0.11 mgkg, CBL
" — 0.60 mg/kg, CBL

‘_3,000- 100
%‘ —e— 0.11 mg/kg
2 -a- 0.60 mg/kg g 75 .
E 2,000+ —— 1.50 mg/kg g
Q
c
g g %
Q 3
£ 1,000 o
o 8 25
E L]
= N [
) 50 100 150 0.01 0.10 1
Time (min) MP-10 (mg/kg)
3 3
) 51 g6
> o498
L3 g
£ g
3 2 3
° Ty
e1 B
5 3
§ 0+ T v T T T 1 5o T T T T T J
H 0 15 30 45 60 75 90 H 0 15 30 45 60 75 90
Time (min) Time (min)

AE92686 displayed high BPyp and selec-
tivity for the striatum in both cynomolgus

FIGURE 5. Study in cynomolgus monkeys. (A) Plasma concentration of MP-10 at different time
points after administration. (B) Blocking (percentage occupancy) of 1'C-Lu AE92686 binding in
striatum (STR) plotted against 3 doses of MP-10. Line shows nonlinear fit of simple competition
curve to data. (C) Average striatal time-activity curves from 3 baseline studies. Error bars repre-
sent SD. (D) Time-activity curves of 1'C-Lu AE92686 in striatum and cerebellum (CBL) in studies

with tracer alone (baseline) and after challenge with 3 doses of MP-10.

did not provide accurate fits, whereas the parameters in the 3k and
4k models had large standard errors, resulting in a large uncertainty
in V1 and, correspondingly, in BPyp in plasma-input compartment
models as seen in Table 1. DVR-1 as determined using the Logan
method with plasma input was consequently used for validation of
both reference tissue methods (a graphical plot is shown in the sup-
plemental data). Both reference methods correlated well with DVR-1
as based on plasma-input Logan (R? = 0.98 for both). Therefore,
both SRTM and reference Logan analysis with the cerebellum as
a reference region can be considered robust models to assess the
BPyp of ''C-Lu AE92686, and the estimates of striatal BPyp
using SRTM for all scans showed little variation, with a mean
striatal BPyp of 7.5 £ 1.0 (n = 12 scans).

DISCUSSION

The aim of this study was to develop a PET ligand for in vivo
imaging of the PDE10A enzyme in the brain and evaluation of
target engagement of PDE10A ligands. Lu AE92686 was selected
as the most promising candidate from an extensive research program.
The compound was radiolabeled with tritium and evaluated in vivo
in rodents. There was a significant accumulation of the tracer in the
striatum but not in the cerebellum in accordance with the reported
distribution of PDE10A, and H-Lu AE92686 was an excellent in

FIGURE 6. ''C-Lu AE92686 uptake in human brain (sum image 15-90 min
after injection).

Discovery, DEVELOPMENT OF !C-Lu AE92686

monkeys (BPyp, 6.5 = 0.26 [n = 3]) and
humans (BPyp, 7.5 = 1.0 [n = 12]), and
only the striatum had measurable uptake of
the tracer in the PET scans. The brain ki-
netics of ''C-Lu AE92686 indicated that
the cerebellum could be used as a refer-
ence region, consistent with the negligible
PDE10A expression in the cerebellum.

Moreover, the binding of ''C-Lu AE92686 to striatum in cyno-
molgus monkeys was dose-dependently blocked by the structurally
different PDE10A inhibitor MP-10. A dose-dependent decrease in
BPyp of ''C-Lu AE92686 was observed after challenge with MP-
10 in the cynomolgus monkeys using 3 doses of MP-10 as the block-
ing compound (0.11, 0.6, and 1.5 mg/kg), which resulted in 18%,
70%, and 82% occupancy of PDE10A, respectively.

Plasma clearance in rats and monkeys was fast, whereas the
clearance was considerably slower in humans. Radiolabeled metab-
olites from ''C-Lu AE92686 were assessed in rat plasma without
signs of lipophilic metabolites.

The evaluation of the ligand in healthy human volunteers revealed an
excellent test—retest variability and low variability between subjects.

—&— Cerebellum

—— Striatum

1
100

Time after injection (min)

FIGURE 7. Average time-activity curves for all subjects (6 subjects, each
scanned twice, mean + SD), showing standardized uptake values (SUVs)
of 1'C-Lu AE92686 over time in striatum and cerebellum. In cerebellum,
error bars were of size comparable to symbols and were omitted.

Kehler et al. 1517


http://jnm.snmjournals.org/

Downloaded from jnm.snmjournals.org by on March 14, 2017. For personal use only.

TABLE 1
Reproducibility and Repeatability of BPyp and DVR-1
Calculated by Different Compartmental Models

Reproducibility Repeatability Repeatability

Model (%) (%) (absolute)
2k* 10 35 7.7
4k* 90 218 10.2
Logan* 7 22 1.3
SRTM 20 1.2
Reference 6 19 1.2

Logan

*BPnp calculated indirectly as VStr/Veer — 1,

Single-tissue as well as irreversible and reversible 2-tissue-compartment
models were evaluated using a test—retest protocol. The single-tissue-
compartment model gave the best fits in the striatum according to the
Akaike and Schwartz criteria, meaning that specific binding cannot be
distinguished from free tracer in tissue and nonspecific binding and that
direct estimation of BPyp in the striatum is not possible. In the cere-
bellum, the irreversible 2-tissue-compartment model was preferred over
the single-tissue-compartment model. This second compartment, albeit
small, may either represent nonspecific binding of the tracer or may be
a spurious compartment caused by brain uptake of radioactive metab-
olites. Metabolite uptake would be expected to be uniform throughout
the brain, but a second compartment cannot be detected in the striatum,
possibly because it is negligible, compared with the specific striatal
signal. A small amount of uniform uptake of radioactive metabolites
in the brain is not likely to significantly affect indirect BPyp estimates
using a reference region (24). Plasma-input Logan analysis provided
robust estimates of V1" and V1™ and could be used to indirectly
estimate BPyp. The use of SRTM and reference Logan analysis was
thus validated by comparison with BPyp values as based on plasma-
input Logan analysis. Because a high correlation (R? = 0.98) was
found between BPynp estimated by SRTM and reference Logan
analysis, both SRTM and reference Logan analysis with the cere-
bellum as a reference region were robust models to assess BPyp of
UC-Lu AE92686 in the human brain.

CONCLUSION

Our results suggest that ''C-Lu AE92686 has great potential as
a human PET tracer for evaluation of basal PDE10A levels and
occupancy of compounds targeting this enzyme in monkeys and
humans. Furthermore, 3H-Lu AE92686 was an excellent tool for
assessing in vivo occupancy of PDE10 ligands in mice and rats,
allowing translational studies to be performed. SRTM was shown
to be an appropriate kinetic model, allowing a simple study setup
in future PET studies. Thus, ''C-Lu AE92686 has potential for assess-
ing whether PDE10A competitive inhibitors display target engagement
in humans within the expected therapeutic window and thus facilitates
future clinical trials investigating novel PDE10A inhibitors.
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