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This was a first-in-human study of the novel phosphodiesterase-2A
(PDE2A) PET ligand '8F-PF-05270430. The primary goals were to
determine the appropriate tracer kinetic model to quantify brain up-
take and to examine the within-subject test-retest variability. Methods:
In advance of human studies, radiation dosimetry was determined in
nonhuman primates. Six healthy male subjects participated in a test-
retest protocol with dynamic scans and metabolite-corrected input
functions. Nine brain regions of interest were studied, including the
striatum, white matter, neocortical regions, and cerebellum. Multiple
modeling methods were applied to calculate volume of distribution
(V1) and binding potentials relative to the nondisplaceable tracer in
tissue (BPnp), concentration of tracer in plasma (BPg), and free tracer
in tissue (BPg). The cerebellum was selected as a reference region
to calculate binding potentials. Results: The dosimetry study pro-
vided an effective dose of less than 0.30 mSv/MBq, with the gallblad-
der as the critical organ; the human target dose was 185 MBq. There
were no adverse events or clinically detectable pharmacologic effects
reported. Tracer uptake was highest in the striatum, followed by neo-
cortical regions and white matter, and lowest in the cerebellum. Re-
gional time-activity curves were well fit by multilinear analysis-1, and
a 70-min scan duration was sufficient to quantify V1 and the binding
potentials. BPyp, with mean values ranging from 0.3 to 0.8, showed
the best intrasubject and intersubject variability and reliability. Test—
retest variability in the whole brain (excluding the cerebellum) of V7,
BPnp, and BPp were 8%, 16%, and 17%, respectively. Conclusion:
18F-PF-05270430 shows promise as a PDE2A PET ligand, albeit with
low binding potential values.
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Phosphodiesterase enzymes (PDEs) hydrolyze cyclic adenosine
monophosphate (cAMP) and cyclic guanosine monophosphate
(cGMP) into their corresponding monophosphates. By this hydro-
lysis, the signals generated by these molecules are terminated. The
phosphodiesterase gene superfamily consists of 11 gene families that
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express PDEs (/). PDE2 (phosphodiesterase-2A), which possesses
protein motifs (GAF domains) that regulate dimerization of the
enzyme, and may also constitute an allosteric site that is activated
by cGMP, is characterized by a high Michaelis constant K, for both
¢GMP and cAMP (>5 pM) (2). Agents that stimulate cGMP pro-
duction, such as nitric oxide synthase activators or natriuretic pep-
tides, activate PDE2A and cause hydrolysis of cAMP.

In the central nervous system, PDE2A is highly expressed in the
striatum, hippocampus, frontal cortex, olfactory neurons, and me-
dial habenula (3) and plays a role in regulating neurotransmission.
In non—central nervous system tissues, PDE2A is highly expressed
in adrenal glands and vascular endothelial cells in which it may
regulate vascular permeability (4). The development of a PDE2A
radioligand would allow the evaluation of disease-specific changes
(e.g., in schizophrenia) and potential inhibitor drugs.

We recently reported selection criteria for successful site-specific
PET ligands, including PDE2A radiotracers (5). The companion
paper reports that the PET ligand '8F-PF-05270430 is a potent in-
hibitor with high binding affinity for PDE2A (6). It shows excellent
selectivity over other PDE subtypes and has good properties for
PET imaging, as evaluated in nonhuman primates.

In this study, we present nonhuman primate dosimetry results
and first-in-human PET data. Along with evaluating the safety and
tolerability of '8F-PF-05270430 in healthy human participants, we
evaluated appropriate analytic strategies for tracer binding to PDE2A
sites and assessed subject test-retest variability.

MATERIALS AND METHODS

Radiotracer Synthesis

I8F-PF-05270430 was prepared as described in the companion pa-
per (6) and in the supplemental materials (available at http:/jnm.
snmjournals.org). Radiochemical purity of the final product solution was
greater than 98%. Specific activity at the end of synthesis was 115 = 53
GBg/pmol (n = 12).

Monkey Dosimetry Studies

Four rhesus monkeys (2 male and 2 female; mean weight = SD,
8.95 £ 3.42 kg) underwent whole-body dynamic PET scans on a
Biograph mCT (Siemens Medical Systems) after intravenous injection
of 18F-PF-05270430. Animals were scanned for approximately 3 h in
a sequence of 14—17 passes with either 4 or 5 bed positions from the
top of the head to mid thigh. Scans were visually inspected for organ
activity exceeding background level. Included organs were the liver,
kidneys, urinary bladder, heart, spleen, gallbladder, brain, red marrow
(femur), upper large intestines, small intestines, stomach wall, pan-
creas, ovaries, and cortical bone. Using early and later summed im-
ages, we delineated manually regions of interest (ROIs), and mean
organ activity values were computed to form time-activity curves.
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Decay correction was removed to reflect actual activity in each
organ, and integrated activity (Bq-h/cm?) was computed using isotope
decay to extrapolate to infinity after the scan period. These values
were multiplied by the organ volumes of a standard 70-kg (male)
and 55-kg (female) reference mathematic phantom (7), scaled by an-
imal mass/body weight and then normalized to injected activity to
obtain organ residence times (&, hour), which were entered into the
OLINDA software (8) to obtain absorbed doses in all organs. Doses to
the stomach were adjusted to reflect the presence of activity in the
stomach wall rather than the contents.

Human Subjects

Healthy male volunteers (age, 24-54 y; weight, 87.5 = 14.1 kg)
with no clinically significant diseases completed a test—retest study.
The institutional review board—approved study was also approved by
the Yale-New Haven Hospital Radiation Safety Committee and per-
formed in accordance with federal guidelines and regulations of the
United States for the protection of human research subjects contained
in Title 45 part 46 of the Code of Federal Regulations. All subjects
signed a written informed consent form.

Human Brain PET Studies

PET Imaging. Each subject underwent 2 PET scans with '8F-PF-
05270430. In advance of each scan, an intravenous line was placed for
tracer injection, and an arterial line was placed for measurement of the
input function. The test and retest scans were 4.7 = 0.8 d apart. Each
subject was limited to a maximum dose of 185 MBq per scan, based
on dosimetry study results. The mass dose in clinical PET studies was
limited to 10 g or less per administration. The choice of dose was
based on rat safety toxicity studies, which showed that doses were
well tolerated up to the maximum dose tested (3 pg/kg). In the clinic,
safety was assessed by measurement of vital signs (blood pressure,
heart rate, oxygen saturation, and hematocrit) and recording of ad-
verse symptoms after tracer administration.

I18F_PF-05270430 was administered intravenously over 1 min by an
automatic pump (Harvard PHD 22/2000; Harvard Apparatus). PET
scans were then obtained with an ECAT EXACT HR+ scanner (Sie-
mens Medical Systems) in 3-dimensional mode. For the first 3 sub-
jects, the acquisition duration was 240 min, consisting of a 120-min
scan, 30-min break, and a 90-min scan. The scan duration was short-
ened to 120 min for subjects 4-6 based on analysis of the initial data.
Dynamic scan data were reconstructed with corrections for attenuation
(transmission scan), normalization, scatter, randoms, and dead time
using the ordered subset-expectation maximization algorithm (4 iter-
ations, 16 subsets) in 33 frames (6 X 0.5, 3 X 1, 2 X 2, and 22 X 5 min)
for the 120-min scan plus 18 frames (18 X 5 min) for the scan from
150 to 240 min.

MRI. Before the PET scans, each subject underwent an MR scan
for PET image registration. MR imaging was performed using a
3-dimensional magnetization-prepared rapid gradient-echo pulse sequence
with an echo time of 2.78 ms, repetition time of 2,500 ms, inversion time
of 1,100 ms, and flip angle of 7° on a 3-T whole-body scanner (Trio;
Siemens Medical Systems) with a circularly polarized head coil.

Arterial Input Function Measurement. Continuous and discrete
blood samples were taken for determination of whole-blood activity
and the metabolite-corrected plasma input function. For the first
7 min, arterial blood was continuously counted using an automated
blood counter (PBS-101; Veenstra Instruments). Discrete blood sam-
ples were manually collected at 3, 5, 8, 10, 15, 20, 25, 30, 40, 50, 60,
75, 90, 105, and 120 min after dosing. Additional samples were
obtained at 150, 180, 210, and 240 min for the 240-min scan.

Plasma analysis of radiotracer metabolism was performed from
samples collected at 5, 15, 30, 60, 90, and 120 min after injection
(plus 180 and 240 min for the 240-min scans). Metabolite analysis
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was performed using the column-switching high-performance lig-
uid chromatography (HPLC) method (9) to determine the parent
fraction. An ultrafiltration-based method (Centrifree; Millipore)
was used for measuring the plasma free fraction (fp). Details are
provided in the supplemental materials.

At the retest scan of 1 subject, no arterial line was available. This
subject was excluded from calculation of test-retest variability. For
another subject, the fp value of the test scan was excluded from cal-
culation of mean and SD of fp because of contaminated samples.

Image Registration and ROIs. For each subject, motion correction
of each dynamic frame was performed by registration to a summed PET
image (0—10 min after injection) using a 6-parameter mutual information
algorithm (FMRIB’s Linear Image Registration Tool [FLIRT], FSL).
The summed PET image was then coregistered to the subject’s T1-
weighted MR image (6-parameter affine registration), which was sub-
sequently coregistered to the automated anatomic labeling template (/0)
in Montreal Neurologic Institute (//) space using a nonlinear transfor-
mation (Bioimage Suite; Yale University) (/2). Regional time—activity
curves were generated for the putamen, caudate, nucleus accumbens,
temporal cortex, occipital cortex, parietal cortex, frontal cortex, cere-
bellum, and centrum semiovale using the combined transformations
from template-to-PET space.

Quantitative Analysis. Regional distribution volumes (V1) and binding
potentials relative to the nondisplaceable tracer in tissue (BPnp), concen-
tration of tracer in plasma (BPp), and free tracer in tissue (BPg) were
computed using 1-tissue (1TC) and 2-tissue (2TC)-compartment models,
and multilinear analysis-1 (MA1) with the plasma input function. The
simplified reference tissue model (SRTM) was also used to derive BPnp
directly. Blood volume in the brain was assumed to be 5% in all models.
The equation for MA1 with blood volume correction (/3) was:

(N 1 Fy [
CPET(I) = — ? . Cp(u)du + E . CPET (u)du — 7 . CWB (u)du
+ FVCWB (t),

where Cpgr(f), Cp(f), and Cwp(?) represent the tissue, plasma, and
whole-blood time-activity curves, respectively, and Fy is the frac-
tional blood volume. To calculate binding potentials, the cerebellum
was used as a reference region because no PDE2A signal was detected
in the cerebellum in an in vitro immunoreactivity study of human
brain extracts with an anti-PDE2A antibody (4). For parameter esti-
mation, data points were weighted on the basis of noise equivalent
counts. Percentage SE (%SE; [SE]/[estimated parameter]) was esti-
mated from the theoretic covariance matrix.

Effect of Scan Time. The time stability of Vy estimates was eval-
uated by fitting the MA1 model (#* = 40 min) to time-activity
curves with shortened scan durations ranging from 50 to 120 min
(n = 11). The ratio, r, of Vr values from the shortened scan to those
from the 120-min scan was computed for each ROI and duration.
The minimum acceptable scan duration was the one that satisfied the
following 2 criteria (/4): the mean ratio () across subjects was between
0.95 and 1.05, and the interindividual SD of the ratio (r) was less than
0.1. We also compared 120-min Vr estimates with those from longer
scans (160-240 min; n = 6: 3 subjects X 2 scans each).

Statistical Analyses. The reproducibility of the outcome measures
was assessed with test-retest variability (TRV) and absolute TRV
(aTRV). TRV was calculated as:

T) — p(R
Ry = 2D — P(R)
(p(T) +p(R))/2

where p(T) and p(R) are parameter estimates at test and retest
conditions, respectively. The mean of TRV indicates the presence
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TABLE 1
Subject Information and PET Scan Parameters

Humans
Parameter Test (n = 6) Retest (n = 6) Monkeys, dosimetry (n = 4)
Injected dose (MBq) 182 £ 3 174 £ 9 135 £ 71
Specific activity at time of injection (MBg/nmol) 83.9+51.4 83.6 + 32.4 72.9 £ 46.9
Injected mass (pg/kg) 0.024 + 0.032 0.013 £ 0.010 0.11 £ 0.09

Data are mean + SD. Age was 37 + 12 and 8 + 2 y for humans and monkeys, respectively. Body weight was 87.5 + 14.1 and 9.0 + 3.4 kg

for humans and monkeys, respectively.

0-10 min

10-30 min 30-60 min 60-90 min

90-120 min  120-150 min 150-180 min

RESULTS

Nonhuman Primate Dosimetry Study
Scan parameters for these experiments
are summarized in Table 1. Figure 1 shows
an example of the whole-body distribution
over time. The main route of elimination
was hepatobiliary, with the gallbladder
having the highest radioactivity uptake.
Organ residence times are listed in Ta-
ble 2, and accounted for 61% * 23% of the
theoretic value. Table 3 shows absorbed

FIGURE 1.
rhesus monkey.

of a trend between the 2 scans, and the SD of TRV is an index of
the variability of the percentage difference between 2 measure-
ments. aTRV uses absolute values of TRV, and its mean indicates
the coefficient of variation when the mean of TRV was 0 (/5).
Reliability was also assessed by the intraclass correlation coeffi-
cient (ICC), ranging from —1 (no reliability) to +1 (maximum
reliability).

TABLE 2
Organ Residence Times
Organ N (h)
Marrow 0.032 £ 0.007
Brain 0.033 £ 0.013
Gallbladder 0.095 + 0.031
Heart 0.009 + 0.002
Intestine 0.107 £ 0.052
Kidneys 0.069 + 0.030
Liver 1.147 £ 0.306
Lungs 0.025 + 0.005
Stomach 0.008 + 0.006
Urinary bladder 0.063 + 0.040
Total 1.588 + 0.306

Values are mean + SEM (n = 4).

1390

Maximum-intensity projection (coronal view) over 3 h of '8F-PF-05270430 in male

doses derived from the male and female
phantoms (n = 4). Under CFR 361.1 (for
single study, 50 mSv per organ or 30 mSv
to selected organs undergoing rapid cell di-
vision, whichever is less), the gallbladder is
the dose-limiting organ with a single-study dose limit of 306 and 249
MBq for the male and female phantoms, respectively. The dose to
the liver was slightly less than that of the gallbladder. On the basis of
these values, a target dose of 185 MBq (5 mCi) was chosen for
human studies.

Human Injection and Scan Parameters

The mean administered activity was 178 = 8 MBq (range, 157—
185 MBq). Injection and scan parameters are listed in Table 1. The
injected dose and injected mass did not significantly differ be-
tween test and retest scans (paired ¢ test, P > 0.05). We detected
no relationship between BPnp and injected mass, suggesting that
we were working in the tracer range, because a negative correla-
tion was not found.

Safety

There were no adverse events or clinically detectable pharma-
cologic effects reported in any of the 6 subjects. No significant
changes in vital signs were observed. Each subject completed both
scans without reporting discomfort that would warrant cessation
of scanning.

Plasma Analysis

Plasma data for the test and retest scans are displayed in Figures
2A-2C. The fraction of '8F-PF-05270430 plasma radioactivity
decreased moderately over time, from 93% * 3% at 5 min to
40% * 4% at 120 min (n = 11). A typical example of a high-
performance liquid chromatogram (90 min after injection) is
shown in Figure 2D. The retention time was 11-12 min, and the
HPLC profile revealed metabolites that were less lipophilic than
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TABLE 3
Radiation Absorbed Dose for 18F-PF-05270430

70-kg man 55-kg woman
Organ Mean (mSv/MBaq) SD (mSv/MBq) Mean (mSv/MBq) SD (mSv/MBq)
Adrenals 1.55E-02 6.41E-03 1.84E-02 7.19E-03
Brain 4.76E-03 3.18E-03 6.80E-03 4.57E-03
Breasts 3.01E-03 1.43E-03 3.51E-03 1.65E-03
Gallbladder wall 1.63E-01 8.79E-02 2.01E-01 1.08E-01
Lower large intestine wall 6.61E-02 6.27E-02 7.01E-02 6.58E-02
Small intestine 7.32E-03 2.67E-03 9.04E-03 3.29E-03
Stomach wall 9.56E-03 6.66E-03 1.18E-02 7.80E-03
Upper large intestine wall 8.97E-03 3.42E-03 1.10E-02 4.14E-03
Heart wall 9.83E-03 4.17E-03 1.22E-02 5.24E-03
Kidneys 5.11E-02 3.20E-02 5.81E-02 3.65E-02
Liver 1.49E-01 8.02E-02 1.84E-01 9.91E-02
Lungs 1.13E-02 4.53E-03 1.36E-02 5.34E-03
Muscle 3.67E-03 1.38E-03 4.46E-03 1.65E-03
Ovaries 8.32E-03 4.51E-03
Pancreas 1.40E-02 5.95E-03 1.70E-02 7.12E-03
Red marrow 6.89E-03 2.44E-03 7.20E-03 2.47E-03
Osteogenic cells 4.19E-03 1.55E-03 5.48E-03 2.00E-03
Skin 1.87E-03 7.46E-04 2.24E-03 8.82E-04
Spleen 5.76E-03 3.62E-03 7.36E-03 4.01E-03
Testes 1.26E-03 6.91E-04
Thymus 2.61E-03 1.16E-03 3.18E-03 1.41E-03
Thyroid 7.12E-04 2.83E-04 8.57E-04 3.57E-04
Urinary bladder wall 3.22E-02 3.76E-02 4.34E-02 5.11E-02
Uterus 6.24E-03 2.83E-03
Total body 7.93E-03 3.26E-03 9.56E-03 3.85E-03
Effective dose equivalent 3.22E-02 1.07E-02 3.88E-02 1.29E-02
Effective dose 2.28E-02 8.21E-03 2.69E-02 9.28E-03
parent tracer. The fp was 0.13 = 0.03 (n = 10). There was no
statistically significant difference in fp between test and retest A‘°°’ ?m
scans (2-sided unpaired ¢ test, P = 0.76). The TRV of fp was g 08
—4% * 30% (n = 4). 104 = ol
2 8
@ S 04
Brain Distribution and Kinetics 14 s
Figure 3 shows typical SUV images of '8F-PF-05270430. The ey E 021
highest uptake was seen in the putamen, caudate, and nucleus 0.1 . i g T ‘ ‘ - )
accumbens, followed by cortical regions and cerebellum. This : L ?min, e . 2 Tim: ?mim 2 &
was expected based on the known relative distribution of PDE2A C 1005 D ol
in the central nervous system and on the nonhuman primate PET
imaging studies performed in the companion paper (6). The radio- 104 g 5
activity cleared from all ROIs relatively quickly, resulting in SUVs 3 2
of less than 1 by 30 min after injection. In later frames, uptake in @ 1 é 10
white matter was more pronounced than in gray matter (Fig. 3B) 5
because of slower kinetics (Supplemental Fig. 1). o . ‘ : ‘ o
Typical time—activity curves and fitted curves are shown in 0 s s 90 120 0 2z 4 6 8 10 12
Figure 4. Time—activity curves were fitted well with a 2TC model. Ll THns:{ren)

2TC K, estimates (mL/min/cm?) ranged from 0.041 + 0.004 (cen-
trum semiovale) to 0.112 = 0.010 (putamen). 2TC V estimates
without blood volume correction were similar to those with cor-
rection (Vy [uncorrected] = 1.01 x Vi [corrected] + 0.03, R? =
1.00), whereas 2TC BPnp estimates without blood volume
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FIGURE 2. Mean + SD of total plasma activity (A), plasma parent
fraction (B), and metabolite-corrected plasma activity (C) in the test (e,
n = 6) and retest (0, n = 5) scans. (D) HPLC plasma analysis at 90 min
after injection. A and C are displayed in SUV units (concentration/
[injected dose/body weight]).
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Retest
-

10-30 min 30-60 min 90-120 min

FIGURE 3. (A) MR and coregistered typical PET images in test and retest
conditions (10-60 min after injection of '8F-PF-05270430). PET images are
displayed in SUV units. (B) PET images showing temporal distribution over
2 h, with each image scaled to its own maximum (SUV,,,ox scales were 2, 1,
and 0.4 for 10-30, 30-60, and 90-120 min, respectively). Max = maximum.

correction were slightly lower than corrected values (BPnp [un-
corrected] = 0.96 x BPxp [corrected] — 0.00, R? = 1.00). MA1
(#* = 40 min) and SRTM fits were also excellent, whereas a mod-
erate lack of fit was seen with a 1TC model. Although 2TC fits

were excellent, 2TC parameters could not be reliably estimated
in some cases (%SE > 25% in 6/99 fits). After estimates with
large %SE were excluded, there was excellent correlation be-
tween 2TC and MA1 for Vi and BPynp (Fig. 5). SRTM BPynp
values were well correlated with the 2TC values but with a slope
and intercept offset from the line of identity (Fig. 5B). The multi-
linear reference tissue model was also applied, but it produced
many unstable BPyp estimates in high-binding regions with all
r* settings that were tested (data not shown).

Given the quality of fit and comparison with 2TC estimates,
the model of choice is MA1 (#* = 40 min), when arterial data are
available. MA1 Vr estimates using different * values had small
differences from the 40-min values, ranging from —2.1% =
1.5% (t* 10 min) to +1.0% = 0.6% (t* = 60 min). Mean
distribution volumes and binding potentials are shown in Table 4.
Vr was highest in the putamen and caudate, followed by neo-
cortical regions and white matter, and lowest in the cerebellum.
Intersubject variability was 7%—14% for Vy, 9%—24% for BPnp,
and 8%-23% for BPp (n = 5) and 7%-15% for Vi/fp and 6%—
33% for BPg (n = 4).

The minimum scan duration required to satisfy stability criteria
was 70 min for MA1 (#* = 40 min) (Supplemental Fig. 2). With
increasing scan duration, Vr estimates showed small increases
(<10%, Supplemental Table 1). For higher-binding regions, the
change in Vr values (240 vs. 120 min) was small (1.0%-1.9%),
with the largest change (9%) in the parietal cortex.

Test—Retest Variability and Reproducibility of
Binding Parameters

Table 5 shows the test-retest statistics for Vi and binding
potentials, which were similar across regions. V1 showed aTRV
less than 10% in all regions, and the global mean of TRV was
—4%. Both BPyp and BPp showed moderate aTRV (~15%),
with a global mean TRV of 0% (BPnp) and —5% (BPp). For
V1, the ICC was good (>0.6) except in the putamen (0.23),
and ICC tended to be lower for BPyp except for the caudate,
putamen, and frontal cortex. BPnp using SRTM showed statistics
similar to BPyp using MA1. For BPp, the
ICC was poor in most regions (<<0.6).

*ae
.
\
3 2 1.\
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Scaling with fp (Vy/fp, BPE) led to poor
reproducibility with an aTRV of approxi-
mately 20% (V1/fp) and approximately
25% (BPg) and lower reliability.

DISCUSSION
s Caudate The aims of this study were to determine
the dosimetry of the novel PDE2A tracer
e Cerebellum .
+« Bulamen I8F-PF-05270430 and perform a first-in-
human study. To our knowledge, 8F-PF-
X Temporal cortex

05270430 is the first PDE2A radiotracer
evaluated in humans. All subjects tolerated
the tracer well without adverse effects.
Modeling methods were evaluated, and re-
gional brain test—retest variability was de-
termined.

PDE2A is known to be involved in the
pathophysiology of cognitive disor-

FIGURE 4. Time-activity curves from putamen, temporal cortex, caudate, and cerebellum of
18F-PF-05270430. Fits with 1TC (A), 2TC (B), MA1 (t* = 40 min) (C), and SRTM (D) are displayed

as dotted lines. Insets show last 60 min.
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ders (16) and other disease states. Thus,
noninvasively imaging PDE2A enzymes
could be used to facilitate the development
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A ATC = 1.03 x 2TC - 0.10, R* = 0.96 B 1TC = 1.30 x 2TC - 0.08, R* = 0.94
MA1 =1.00 x 2TC - 0.01, Rz =1.00 MA1 =1.01 x 2TC - 0.01, R2 =1.00
SRTM = 1.24 x 2TC - 0.07, R* = 0.97
2.0+ ;
1.54
1.5
a 1.0
Em g
Y
0.5
0.5
SRTM
=+ ldentity line
0.0 v v . . 0.0+ - v .
0.0 0.5 1.0 1.5 2.0 0.0 0.5 1.0 1.5
V; using 2TC (mUcm®) BPyp using 2TC

FIGURE 5. Comparison of 1TC and MA1 V4 estimates against 2TC V¢
estimates (A) and 1TC, MA1, and SRTM BPyp estimates against 2TC
BPy\p estimates (B). Solid line = linear regression fit. All values were
estimated with blood volume correction.

of PDE2A inhibitors. This technique enables the capability
to quantitatively measure PDE2A enzyme occupancy levels of
drugs, which is a prerequisite for expression of PDE2-mediated
pharmacology and target modulation (/7). In turn, this allows
for understanding the relationship between drug concentrations
and PDE2A enzyme occupancy. In addition, differences in
PDE2A enzyme levels in patients versus healthy controls can
be established (/8). A PET PDE2A ligand might also be useful
for assessment of agents that increase cGMP levels, such as a
PDE10 inhibitor, which raised cGMP, activating PDE2A through
the GAF domain (/9). Thus, a PDE2A PET ligand may be useful
to identify signaling interactions between pathways that alter
c¢GMP and cAMP.

This study compared 3 kinetic models using arterial input
functions. Time—activity curves were fitted well by the 2TC model

and MA1. The 2TC model and MA1 produced almost identical
Vr and BPnp estimates. As is often the case, the 2TC model Vy
estimates were associated with large errors in some fits, whereas
the MA1 Vr estimates were stable in all fits. Further, MA1 also
had the favorable property that Vi estimates were little influ-
enced by changing #*. Thus, MA1 is the model of choice for
18F-PF-05270430.

Blood volume correction was applied in this study. This correc-
tion is important when Vr is low or the parent fraction in blood is
low. Vr values were low (0.7-1.4), and the parent fraction was in
the medium range (40% at 120 min). The effect of blood volume
correction was largest in the cerebellum, which had the lowest
Vr value; lack of correction led to smaller BPyp values, because
of larger overestimation of cerebellar V1. Assuming a 5% blood
volume, the fraction of the cerebellum time-activity curve at
70 min accounted for by blood activity was 5% * 1% (mean *
SD, n = 11).

The cerebellum was used as a reference region to calculate
binding potentials. Western blot analysis of human brain extracts
with anti-PDE2A antibodies revealed that PDE2A immunore-
activity was prominently observed in the striatum, cingulate
cortex, prefrontal cortex, and hippocampus, with no detectable
signal in the cerebellum (4). A blocking study in humans would
be needed to validate the suitability of the cerebellum as a
reference region.

The outcome measures corrected by fp Vi/fp and BPg showed
poorer reliability, because of variability of the fp measurement,
which was larger than expected. BPyp and BPp showed similar
magnitudes of aTRV and TRV. However, the ICC of BPp was poor
in most regions. Therefore, BPyp appears to be the best binding
potential outcome measure.

V1 values were insensitive to scan duration. Over the 240-min
scan, Vr values in the striatum, nucleus accumbens, and centrum
semiovale showed almost no change, whereas in neocortical
regions and cerebellum, Vr increased slightly (3.7%-9.1%).

TABLE 4
Binding Parameters from MA1

V1 (mL/cm3) (%COV) Vr/fe (mL/cm3) (%COV)

BPnp (%COV) BPp (mL/cm?3) (%COV)  BPg (mL/cm?3) (%COV)

Region Test Retest Test Retest Test Retest Test Retest Test Retest
Putamen 1.27 (11%) 1.31 (6%) 10.07 (6%) 10.14 (27%) 0.79 (20%) 0.80 (25%) 0.52 (12%) 0.54 (19%) 3.96 (14%) 4.11 (39%)
Nucleus 1.21 (15%) 1.22 (7%) 9.69 (6%) 9.49 (22%) 0.70 (16%) 0.67 (14%) 0.46 (18%) 0.45(8%) 3.57 (16%) 3.46 (24%)
accumbens

Caudate 1.03 (13%) 1.06 (6%) 8.32 (6%) 8.38(26%) 0.45(18%) 0.45(30%) 0.28 (15%) 0.29 (23%) 2.20 (23%) 2.35 (46%)

Occipital 1.02 (16%) 1.05 (8%) 8.29 83%) 8.19 (22%) 0.44 (12%) 0.44 (12%) 0.27 (19%) 0.28 (6%) 2.18 (13%) 2.16 (24%)
cortex

Centrum 0.97 (18%) 1.02 (10%) 7.84 (6%) 7.79 (18%) 0.36 21%) 0.39 (22%) 0.22 (30%) 0.25 (22%) 1.72 (26%) 1.76 (12%)
semiovale

Temporal 0.95 (15%) 0.99 (8%) 7.64 3%) 7.64 (23%) 0.34 (22%) 0.36 (21%) 0.20 23%) 0.22 (17%) 1.53 (21%) 1.61 (29%)
cortex

Frontal 0.95 (14%) 0.98 (8%) 7.59 (4%) 7.59 (25%) 0.34 (22%) 0.35 (27%) 0.20 (19%) 0.21 (25%) 1.47 (19%) 1.56 (39%)
cortex

Parietal 0.93 (14%) 0.95 (9%) 7.50 (4%) 7.35(24%) 0.32 (27%) 0.30 (22%) 0.18 (28%) 0.18 (21%) 1.38 (32%) 1.32 (35%)
cortex

Cerebellum 0.71 (17%) 0.73 (12%) 5.80 8%) 5.74 (22%)

%COV = coefficient of variation (intersubject variability).

Values are mean of n = 5 subjects (n = 4 for V1/fp and BPg), with each value measured twice in test and retest scans.

FIrsT-IN-HUMAN STUDIES OF BRAIN PDE2A

Naganawa et al. 1393



TABLE 5
Test-Retest Reproducibility of Volume of Distribution and Binding Potential

MAT (t* = 40 min) SRTM
Vr(n = 5) BPyp (n = 5) BPp (n = 5) BPyp (n = 5)
Region *aTRV *TRV fIcC *aTRV *TRV tICC *aTRV *TRV tICC *aTRV *TRV tICC
Putamen 9% -4% +11% 0.23 [-0.64, 0.87] 16% 0% +23% 0.58 [-0.33,0.94] 15% -4% +24% -0.01[-0.76,0.80] 14% -1% +22% 0.64 [-0.24, 0.95]
Nucleus 7% 2% +10% 0.66 [-0.20, 0.96] 17% 4% +22% 0.15[-0.69, 0.85] 14% 0% +23% -0.17 [-0.83,0.74] 14% 2% +18% 0.17 [-0.68, 0.86]
accumbens
Caudate 7% -3% +8% 0.68[-0.17,0.96] 18% 2% +21% 0.73[-0.08,0.97] 14% -3% +19% 0.55 [-0.36, 0.94] 15% 2% +20% 0.83[0.19, 0.98]
Occipital 8% -4% +8%  0.77[0.03, 0.97] 12% 0% +16% 0.27 [-0.62, 0.88] 13% -5% +18% 0.15 [-0.69, 0.85] 15% 3% +17% 0.36 [-0.55, 0.91]
cortex

Centrum 10% -6% +11% 0.71[-0.12,0.96] 18% -9% +19% 0.63[-0.26,0.95] 24% -15% +22% 0.53 [-0.38, 0.94] 11% -4% + 14% 0.71 [-0.11, 0.96]
semiovale

Temporal 8% -4% +9% 071 [-0.12,0.96] 14% -4% +24% 0.57 [-0.34, 0.94] 22% -10% +28% 0.15[-0.69, 0.85] 18% -3% +26% 0.51 [-0.41, 0.93]
cortex

Frontal 7% -4% +7% 0.75[-0.03,0.97] 12% -2% +16% 0.85[0.26, 0.98] 13% -7% +17% 0.69 [-0.14, 0.96] 15% 5% + 17% 0.85 [0.26, 0.98]
cortex

Parietal 5% 2% +7% 0.84[0.20,0.98] 21% 6% +25% 0.65[-0.23,0.96] 22% 2% +30% 0.51 [-0.41, 0.93] 21% 9% +24% 0.69 [-0.16, 0.96]
cortex

Cerebellum 5% -3% +6%  0.90 [0.45, 0.99]

*TRV = (test value - retest value)/(test value + retest value) x 2, and aTRYV is absolute value of TRV.
TICC = (BSMSS - WSMSS)/(BSMSS + WSMSS) where BSMSS is mean sum of squares between subjects and WSMSS is mean sum
of squares within subjects. ICC is presented with lower and upper bounds of 95% confidence interval in brackets.

Potential factors contributing to these small increases include
brain uptake of radiolabeled metabolites, or spill-in from extra-
brain activity (Fig. 3B). However, the minimum scan time with
MAT1 was 70 min in all regions under relatively strict criteria.
Thus, '8F-PF-05270430 has rapid kinetics, and long acquisitions
are not needed to obtain robust parameter estimates.

For BPyp, the test-retest variability with MA1 was accept-
able with 16% of aTRV and 0% of TRV on average. Although
often BPnp has better TRV than Vr, given the low BPyp values
(0.3-0.8), it is not surprising that the test-retest performance of
Vr was better than BPyp. We compared the test—retest variabil-
ity data of BPyp across several radioligands (Supplemental Ta-
ble 2). The aTRV of BPyp with '8F-PF-05270430 was poorer
than many other tracers. The ICC values were low in several
regions, including the putamen (0.58) and nucleus accumbens
(0.15). The V1 and BPnp estimates were low in all regions,
indicating that '8F-PF-05270430 might only provide reliable
data in the higher-binding regions, such as the putamen, cau-
date, and nucleus accumbens.

CONCLUSION

In this first-in-human PET study with the novel PDE2A
radiotracer 18F-PF-05270430, the tracer showed rapid kinetics,
providing reliable parameter estimates with a 70-min scan.
MAT is the most suitable model for describing the kinetics.
Binding potential was estimated with the cerebellum as refer-
ence region, although this choice should be validated with
blocking studies. '8F-PF-05270430 dosimetry showed that an
effective dose was estimated as 0.023 mSv/MBq for a 70-kg male.
On the basis of the results of this study, '8F-PF-05270430 is a
suitable PDE2A PET ligand and can be reliably used in future
clinical studies to assess enzyme occupancy levels of PDE2A
inhibitors.
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