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PET with selective adenosine 2A receptor (A,,) radiotracers can be
used to study a variety of neurodegenerative and neuropsychiatric
disorders in vivo and to support drug-discovery studies targeting
Axa. The aim of this study was to describe the first in vivo evaluation
of 18F-MNI-444, a novel PET radiotracer for imaging Asp, in healthy
human subjects. Methods: Ten healthy human volunteers were
enrolled in this study; 6 completed the brain PET studies and 4
participated in the whole-body PET studies. Arterial blood was col-
lected for invasive kinetic modeling of the brain PET data. Noninva-
sive methods of data quantification were also explored. Test-retest
reproducibility was evaluated in 5 subjects. Radiotracer distribution
and dosimetry was determined using serial whole-body PET images
acquired over 6 h post-radiotracer injection. Urine samples were
collected to calculate urinary excretion. Results: After intravenous
bolus injection, 18F-MNI-444 rapidly entered the brain and displayed
a distribution consistent with known A, densities in the brain. Bind-
ing potentials ranging from 2.6 to 4.9 were measured in Apa-rich
regions, with an average test-retest variability of less than 10%.
The estimated whole-body radiation effective dose was approxi-
mately 0.023 mSv/MBq. Conclusion: '8F-MNI-444 is a useful PET
radiotracer for imaging Aoa in the human brain. The superior in vivo
brain kinetic properties of '8F-MNI-444, compared with previously
developed A,x radiotracers, provide the opportunity to foster global
use of in vivo Aya PET imaging in neuroscience research.
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The adenosine 2A receptor (A,4) has attracted significant in-
terest from the scientific community as a novel therapeutic target in
Parkinson disease, mainly prompted by multiple studies demonstrat-
ing the coexpression of A, and dopamine D, receptors in basal
ganglia neurons (/). A, has also been identified as a promising
therapeutic target in Alzheimer disease, Huntington disease, mood
disorders, panic disorder, schizophrenia, attention deficit hyperac-
tivity disorder, and addiction (5-9).

PET and SPECT have the unique ability to assess neuroreceptors
in vivo. The development of selective A, 4 radiotracers would pro-

Received Dec. 2, 2014; revision accepted Jan. 26, 2015.

For correspondence or reprints contact: Olivier Barret, Molecular
Neurolmaging (MNI), LLC, 60 Temple St., Suite 8B, New Haven, CT 06510.

E-mail: obarret@mnimaging.com

Published online Feb. 19, 2015.

COPYRIGHT © 2015 by the Society of Nuclear Medicine and Molecular
Imaging, Inc.

586

vide the opportunity to study and understand multiple neuropsychi-
atric and neurodegenerative disorders and could also accelerate and
aid drug-discovery programs targeting A, . In this context, several
compounds have been proposed for in vivo imaging of A, in the
brain (6,10-20).

Until recently, all A, radiotracers developed, either xanthine- or
non—xanthine-derived radiotracers, have been labeled with the posi-
tron emitter ''C. Radiotracers labeled with longer-lived radioisotopes,
such as '23I or '8F, which could be dispensed from a central radio-
pharmacy rather than generated on-site, would be advantageous, in
particular in the conventional clinical setting in which no cyclotron
facilities are typically available or in multicenter studies that require
global distribution of radiotracers. In 2011, Bhattacharjee et al. de-
veloped '8F-MRS5425, and preliminary data in rodents demonstrated
that striatal binding was blocked by preadministration of the selective
A, antagonist SCH442416 (10), but the potential utility of this ra-
diotracer for imaging of A, in the human brain remains untested.
Recently, we reported on the development of the first, to our knowl-
edge, successful iodinated A5 SPECT radiotracer, '23I-MNI-420,
both in nonhuman and human primates (/6,/7). Subsequently, we
developed an analog of MNI-420 labeled with '®F, '8F-MNI-444.
Evaluation in nonhuman primates showed that this radiotracer held
promise as an Ay PET radiotracer (27) with improved characteristics,
compared with existing A, tracers, and encouraged the validation of
this imaging probe in humans. In this study, we report on the first in
vivo evaluation of '8F-MNI-444 in healthy human volunteers. We
describe the brain pharmacokinetic properties and test—retest results
of 18F-MNI-444 as well as the whole-body biodistribution and dosim-
etry estimates of this A5 PET radiotracer.

MATERIALS AND METHODS

Radiochemistry

The radiolabeling and preparation of '8F-MNI-444 were described in
detail previously (21). In brief, 'F-MNI-444 was prepared by reaction
of the corresponding tosyl precursor, 2-(4-(4-(2-(5-amino-2-(furan-2-
yl)-7H-pyrazolo[4,3-e][1,2,4]triazolo[ 1,5-c]pyrimidin-7-yl)ethyl)piperazin-
1-yl)phenoxy)ethyl 4-methylbenzenesulfonate, with '8F~ in anhydrous
dimethylsulfoxide in the presence of potassium carbonate and Kryptofix
222 using a commercial synthesizer, TRACERIlab FX-FN (GE Health-
care). The binding affinity for recombinant human A,, (K; = 2.8 nM)
was measured using H-CGS21680 in transfected HEK-293 cells (assay
performed by Cerep).

Quality control included visual inspection of appearance, pH, strength,
pyrogen content, residual solvent, residual Kryptofix 222, radiochemical
purity and identity, and specific activity (27). Identity and radiochemical
purity were determined by high-performance liquid chromatography us-
ing a Phenomenex Kinetex-XB C18 (4.6 x 100 mm) column, eluted with
methanol (solvent A) and 0.8% triethylamine in water (solvent B) with
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a linear gradient going from 50% A to 90% A in 12 min, maintained at
90% A until 15 min and returned to the initial condition at 15.1 min until
the end of run at 20 min. The flow rate was 0.75 mL/min.

All productions showed a radiochemical purity above 99% and a
specific activity exceeding 370 GBg/pwmol. The average decay-corrected
radiochemical yield was 24.5% = 5.0% (n = 39) in 60 min.

Human Subjects

This study protocol was reviewed and approved by the New England
Institutional Review Board. All subjects gave their written informed
consent before participation in this study.

Ten healthy human volunteers (based on medical history and physical
examination), 3 women and 7 men, with a mean age of 35.5 y (range,
22-52y), were enrolled in this study. None of them had a known clinical
history that could have affected the biodistribution or elimination of '8F-
MNI-444. Six subjects (5 men and 1 woman; mean age * SD, 38.1 =
10.5 y; range, 23-52 y) completed '3F-MNI-444 brain PET studies. Four
subjects, 2 men and 2 women (mean age = SD, 28.3 * 7.5 y; range, 22—
39 y), participated in the whole-body imaging studies of '8F-MNI-444,
All subjects were required to refrain from drinking caffeinated beverages
for up to 12 h before the imaging session, given the known effect of
caffeine on A, (16,17).

Brain PET Studies

PET images were acquired on an ECAT EXACT HR+ camera
(Siemens) in 3 dimensions. Subjects were administered a single dose
of 18F-MNI-444 (348.3 = 59.6 MBq [9.41 = 1.61 mCi]; range, 172.3—
389.0 MBq [4.66-10.51 mCi]; 0.87 = 0.35 pg [range, 0.35-1.51 pg])
as a slow intravenous injection over 3 min, followed by a 10-mL saline
flush. Five of the 6 subjects underwent a second PET scan within 13—
51 d of the first scan for test—retest variability assessment, for a total of
11 brain PET studies. Four subjects were imaged over 210 min (2 im-
aging sessions, 30-min break, first session of 90 min [3 scans] or 120 min
[4 scans]) and 2 subjects were imaged over 120 min (1 imaging session,
4 scans), with frames from injection time of increasing duration from 30 s
to 5 min. A transmission scan was obtained before each emission scan
with an external °8Ge rod source. PET data were corrected for randoms,
dead time, scatter, and attenuation, and PET images were reconstructed
using an ordered-subset expectation maximization algorithm (4 iterations,
16 subsets, post gaussian filter with kernel of 5 mm).

A structural 3-dimensional T1-weighted MR image was acquired for
all subjects on an Espree 1.5-T scanner (Siemens) (magnetization-
prepared rapid acquisition with gradient echo; inversion time, 1.1 s;
repetition time, 1.97 s; echo time, 3.17 ms; flip angle, 15°).

In the 5 subjects who underwent 2 PET scans, arterial blood samples
were collected from the ulnar or radial arteries every 45 s until 6 min
after injection and at 8, 10, 15, 20, 25, 30, 45, 60, 90, and 120 min and
then at 150, 180, and 210 min for brain PET studies with 2 imaging
sessions. Radioactivity in whole blood and plasma was measured for all
samples in a well-type y counter (Wallac 2480; Perkin Elmer). A subset
of samples (6, 15, 30, 60, and 90 and 120, 150, and 210 min) was
processed to estimate the fraction of intact 3F-MNI-444 by acetonitrile
denaturation and analyzed by reversed-phase high-performance liquid
chromatography on a Phenomenex Luna C18(2) (10 x 250 mm, 10 pwm)
column with a mobile phase consisting of a mixture of methanol/water
with 0.8% of triethylamine in a 70/30 ratio at a flow rate of 4.0 mL/min.
The plasma free-fraction (fp) was evaluated using a preinjection blood
sample spiked at the time of processing with approximately 15 kBq/mL
of '8F-MNI-444. Aliquots of plasma (200 pL) were placed in ultrafil-
tration units (Amicon Centrifree 30K; Millipore) and centrifuged at 20°
C for 20 min at 3,000g. The fp was calculated as the ratio of the
ultrafiltrate to the plasma activity (217).

Images were analyzed in PMOD 3.405 software (PMOD Technolo-
gies). Images were corrected for motion within each imaging session.

Human PET Stupies witH '8F-MNI-444
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FIGURE 1. Representative transverse PET sum image (30-90 min) of 18F-
MNI-444 distribution in human brain with correspondent T1 MR image.

PET images were cross-calibrated with the well counter used for blood
measurements, and when 2 imaging sessions were acquired, both PET
series were merged and corrected for decay. Initial flowlike PET images
(~15 min) were averaged and used to align the whole PET series onto
the subject T1-weighted structural MR image, and subsequently both
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FIGURE 2. (A) Parent fraction profile in arterial plasma after intravenous
administration of 8F-MNI-444 (mean + SD, n = 10 up to 90 min, n = 6
afterward). (B) Representative '8F-MNI-444 time-activity curves in a
healthy human subject over 3.5 h. O = caudate; 0 = putamen; A =
globus pallidus; V = nucleus accumbens; & = thalamus; @ = frontal
cortex; x = cerebellum.

Barret et al. 587



"0 10 20 30 40 50 60 70 80 90 o
Time (min)

10 20 30 40 50 60 70 80 90

Time (min)

E 120

@ 2
S S

@
S

N
13
Integral (Cy) / C¢ (min)

Integral (Cy) / C; (mi

n
S

0 50 100 150
Integral (Cy) / Cy (min)

200 100

(Integral (C,eq) + Crerky') / Cy (min)

FIGURE 3. '8F-MNI-444 time-activity curves over 90 min showing in
solid line 2TCM fits (A); 1TTCM fits (B); Logan graphical analysis plots,
linear regression (t* = 20 min) (C); and noninvasive Logan graphical
analysis, linear regression (t* = 20 min and k»,’ = 0.15 min™") (D). O =
caudate; 0 = putamen; A = globus pallidus; V = nucleus accumbens;
& = thalamus; x = cerebellum.

MR imaging and PET series were spatially normalized to the standard
Montreal Neurologic Institute space. The probabilistic volume of interest
(VOI) atlas by Hammers et al. (22) was applied to normalized 'F-MNI-
444 PET images, and time—activity curves were extracted for the
following brain regions: caudate, putamen, globus pallidus, nucleus accum-
bens, thalamus, frontal cortex, parietal cortex, temporal cortex, occipital
cortex, and cerebellum. Standardized uptake values (SUVs) were cal-
culated by normalizing the uptake values by the injected dose (ID)
divided by the subject weight.

Kinetic modeling was performed using compartmental analysis with
standard 1-tissue models (I'TCM) and 2-tissue models (2TCM) and
Logan graphical analysis (LGA) with * = 20 min using the radiome-
tabolite-corrected arterial plasma input function to estimate the volume
of distribution (V7) in different brain regions (23,24). The binding po-
tential BPyp was calculated indirectly as (Vr— Vyp)/Vap, where Vyp was
the Vrof the reference region (23). In addition, BPyp, was also estimated
using the noninvasive LGA (NI-LGA) (25) with * = 20 min and k' =
0.15 min~!, as well as from the SUVr (SUV ratio to the reference region)
between 60 and 90 min after radiotracer injection as BPyp = SUVr-1.
The cerebellum, shown to have low to negligible A, density in autora-
diography experiments (26,27) and previously used in studies with Ay
radiotracers (/3,14,21), was used as the reference region for data quan-
tification. Finally, the test—retest reproducibility for V7 and BPyp was
estimated as ABS(test — retest)/AVERAGE(test + retest) (where ABS is
absolute value).

Whole-Body PET Studies

Whole-body PET images were acquired on an ECAT EXACT HR+
camera. Healthy controls (2 men, 2 women) received a bolus intravenous
administration of '8F-MNI-444 (360.8 = 7.1 MBq [9.75 = 0.19 mCi];
range, 351.3-367.3 MBq [9.50-9.93 mCi]; 0.83 £ 0.39 g [range, 0.33—
1.17 pgl), and immediately following a series of whole-body 2D PET
images consisting of 9 contiguous bed positions was obtained. Images
were acquired over approximately 360 min in 3 scanning sessions, with
subjects being allowed out of the camera for 20 min between sessions.
The first session included 5 whole-body passes (2 X 60 s and 3 x 120 s per
bed position), and the last 2 sessions included 2 whole-body passes each
(2 x 270 s per bed position). A transmission scan was acquired before
each imaging session with an external %Ge rod source. PET data were
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corrected for photon attenuation, scatter, and random and reconstructed
using ordered-subset expectation maximization (4 iterations, 16 subsets)
with no filtering.

Urine was collected for up to 6 h after radiotracer injection to
measure the fraction of activity voided by the renal system. Activity not
excreted in urine was assumed to be eliminated in feces.

For each subject, VOIs were drawn around organs that displayed
higher radioactivity concentration than background—that is, source
organs. The delineated VOIs were applied to all acquired frames and,
if needed, adjusted for subject position at different acquisition sessions,
while keeping their shapes and sizes constant. The following organs
were identified as source organs: brain, heart, liver, gallbladder, intestine,
kidneys, urinary bladder, and spleen. A whole-body VOI was drawn
around the subject’s body and used for quantification of whole-body
remainder activity as whole-body activity minus source organ activity.

Non-decay-corrected time—activity curves were generated for each
source organ, expressed as percentage ID (%ID). After the last measured
time point, elimination was assumed to be through physical decay only.
The residence time T, defined as the ratio of accumulated activity in the
source organ (A) and injected activity (Ag), T = A/A,, was calculated as
the area under the curve of the tissue time—activity curve from time zero
to infinity using the trapezoidal method. Radiation absorbed dose and
effective dose (weighted average using ICRP 60 tissue-weighting factors
(28)) were estimated with the OLINDA/EXM 1.0 software package (29)
using the calculated 7. Intestinal T values were estimated using the ICRP
30 gastrointestinal model (30) as incorporated in OLINDA; the intestinal
decay-corrected time—activity curve was used for estimation of the highest
fraction of activity entering the intestine. The adult male and female
models, adjusted to each individual body mass, were assumed for the
male and female subjects, respectively.

RESULTS

Brain Studies

After intravenous bolus injection, '3F-MNI-444 rapidly entered
the human brain. The radiotracer accumulation was highest in the
caudate and putamen, regions known to contain high densities of
Asa, and low in cortical areas and cerebellum (Figs. 1 and 2B),
with peak uptake in the putamen of 3.0-4.0 SUV around 30 min
after injection and much faster washout in the cerebellum (peak
uptake within 5 min of injection).

A slow metabolism of the parent radiotracer was observed (Fig.
2A). At 90 and 210 min after radiotracer injection, the parent fraction
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FIGURE 4. SUVr curves (mean + SD, n = 11), showing relatively stable
values from 45 min after 18F-MNI-444 injection. O = caudate; [J = puta-
men; A = globus pallidus; V = nucleus accumbens; & = thalamus.
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bellum was estimated as 12.7%, 10.1%,
10.4%, 6.8%, 12.0%, and 10.0%, respec-
tively. For BPyp, the variability in the cau-
date, putamen, globus pallidus, and nucleus
accumbens was 9.7%, 5.2%, 8.3%, and
10.2% for LGA; 10.8%, 6.2%, 8.8%, and
10.0% for NI-LGA; and 11.4%, 6.6%,

5.3%, and 9.3% for the SUVr method, re-

spectively, but higher in the thalamus
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FIGURE 5. (A) Correlation of LGA V7 (all regions) against 1TCM and 2TCM estimates. Correla-

tion of LGA BP\p (caudate, putamen, globus pallidus, nucleus accumbens, and thalamus) against
1TCM and 2TCM (B) or NI-LGA and SUVr-1 (60-90 min) (C) estimates. All estimates obtained by
modeling 90 min of imaging data. O = 1TCM; B = 2TCM; A = NI-LGA; ® = SUVr-1; solid line =

linear regression; dashed line = line of identity.

in arterial plasma was 78.1% * 9.2% (n = 10) and 61.5% * 6.6%
(n = 6), respectively.

Typical 2TCM and 1TCM fits and LGA and NI-LGA plots are
provided in Figure 3. 2TCM provided better fits than 1TCM based
on the Akaike information and model selection criteria, in partic-
ular in the low-uptake regions, but had convergence issues in high-
uptake regions for 1 subject. The average SUVTr graph is also given
in Figure 4, showing that pseudoequilibrium of the tissue ratios
was attained from about 45 min after injection.

Correlations of Vyand BPyp obtained with 2TCM, 1TCM, LGA,
and NI-LGA are provided in Figure 5. 2TCM and 1TCM V7 corre-
lated well with LGA, close to the line of identity, with an R? greater
than 0.99 (Fig. 5SA), but 2TCM and 1TCM overestimated BPyp,
compared with LGA (Fig. 5B), due to the lower Vr estimated in
the cerebellum with 2TCM and 1TCM (negative y-intercept in Fig.
5A). There is, however, good agreement between LGA BPyp and
NI-LGA and a small overestimation of SUVr-1 of 6% (Fig. 5C).

Results for Vyand BPyp obtained with the LGA, NI-LGA, and
SUVr methods are summarized in Table 1, with the highest Vyand
BPyp values measured in the putamen, globus pallidus, caudate,
and nucleus accumbens, A, -rich regions (cortical area Vr close to
that in the cerebellum [Fig. 2B for the frontal cortex]), with a BPyp
close to 5.0 in the putamen. The impact of the acquisition duration
was also investigated, and when the whole dataset (210 min of
data) was used, V7 increased by 3% and BPyp decreased by 9%.

The average Vyand BPyp estimates in the test and retest studies
are shown in Figure 6. The LGA V7 test-retest variability in the
caudate, putamen, globus pallidus, nucleus accumbens, and cere-

(~23% for LGA and NI-LGA and ~50%
for the SUVr method) given the low BPyp
in that region (~0.2).

Whole-Body PET Studies

I8F.MNI-444 whole-body distribution
over time is provided in Supplemental
Fig. 1 (supplemental materials are available at http://jnm.snmjournals.
org), demonstrating early distribution in the blood pool and elim-
ination of the radioactivity mainly via the hepatobiliary system,
with the radioactivity present in the urine over a 6-h period mea-
sured to be less than 7% of the injected dose. The T values were
highest for the liver and intestine, with a peak %ID in the liver of
29.0% *= 3.9% at 16 min after radiotracer injection. Peak %ID in
other organs were much lower, with 7.3% * 1.3% in the intestine,
3.4% =+ 0.8% in the brain, and 2.4% = 0.2% in the heart and all
other organs below 1.0%.

Table 2 lists the average absorbed doses and the effective dose for
I8SF_.MNI-444. The mean effective dose for a human subject was
found to be 0.023 = 0.001 mSv/MBq, with the upper large intes-
tinal wall receiving the highest absorbed dose of approximately
0.099 mSv/MBgq.

DISCUSSION

In this article, we reported the first, to our knowledge, in vivo
human PET study conducted to evaluate '8F-MNI-444 pharmaco-
kinetic properties in the brain and dosimetry estimates in healthy
human volunteers. '8F-MNI-444 distribution in the brain was con-
sistent with known A,, densities from autoradiography reports
(26,27) and with our prior observations in the nonhuman primate
brain (2/). The distribution volumes estimated with the Logan
graphical analysis showed a good correlation with the 1TCM and
2TCM estimates, and given the fitting issues of 1TCM in low-
uptake regions and the convergence issues of 2TCM in high-uptake
regions, the graphical analysis was taken as the preferred method

TABLE 1
18F-MNI-444 V7, BPnp, and SUVr Estimates
Brain region LGA V7 LGA BPnp NI-LGA BPnp SUVr-1
Caudate 2.10 £ 0.69 2.69 + 0.74 2.81 £ 0.80 293 +0.72
Putamen 3.26 + 0.98 4.70 + 0.63 4.80 + 0.69 5.00 * 0.61
Globus pallidus 2.64 + 0.83 3.67 + 0.69 3.86 + 0.90 3.96 + 0.81
Nucleus accumbens 1.49 + 0.48 1.60 £ 0.34 1.79 £ 0.73 1.86 + 0.47
Thalamus 0.65 + 0.17 0.15 £ 0.07 0.25 £ 0.34 0.17 £ 0.09
Cerebellum 0.57 £ 0.17 NA NA NA

Results obtained by modeling 90 min of imaging data and presented as mean + SD (n = 10). SUVr determined as average between 60

and 90 min after radiotracer injection.
NA = not applicable.
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respectively (15,31,32). '8F-MNI-444 also
compares favorably with the iodinated
SPECT analog '3I-MNI-420, for which we
have previously reported striatal BPyp, values
that ranged between 0.8 and 1.2 in the human
brain (/7).

In this in vivo evaluation of '8F-MNI-444
in humans, we scanned human subjects over
a period of up to approximately 3.5 h after

FIGURE 6. Bar graphs of average estimates (n = 5, error bars = SD) obtained during test
(black) and retest (white) studies for LGA V1 (A), LGA BPyp (B), and SUVr-1 60-90 min (C).

for the analysis of 8F-MNI-444 dynamic PET data. Data collected
in this study showed that '3F-MNI-444 displayed high BPy;, values
in A,a-tich regions, up to 5.0 in the putamen.

The target-to-nontarget ratios and BPyps measured in this
study were expressively higher than those reported by other
researchers using 'C-SCH442416 and [7-methyl-''C]-(E)-8-(3,4,5-
trimethoxystyryl)-1,3,7-trimethylxanthine (''C-TMSX), the other
2 PET radiotracers currently in human use. For example, the highest
BPyp values reported in human caudate and putamen for ''C-
SCH442416 and ''"C-TMSX were around 0.5-1.0 and 1.0-1.5,

TABLE 2
18F-MNI-444 Radiation Absorbed and Effective Doses
(mSv/MBq)
Organ Mean SD
Adrenals 1.76E-02 2.86E-03
Brain 7.24E-03 1.19E-03
Breasts 8.86E-03 1.27E-03
Gallbladder wall 6.39E-02 9.26E-03
Lower large intestinal wall 3.74E-02 5.62E-03
Small intestine 8.87E-02 1.59E-02
Stomach wall 1.62E-02 1.32E-03
Upper large intestinal wall 9.87E-02 1.93E-02
Heart wall 1.79E-02 2.05E-03
Kidneys 2.29E-02 1.88E-03
Liver 7.86E-02 2.61E-02
Lungs 1.23E-02 2.20E-03
Muscle 1.16E-02 1.08E-03
Ovaries 2.41E-02 1.73E-03
Pancreas 1.86E-02 2.21E-03
Red marrow 1.23E-02 7.63E-04
Osteogenic cells 1.61E-02 2.13E-03
Skin 8.14E-03 8.85E-04
Spleen 2.53E-02 7.28E-03
Testes 8.76E-03 3.68E-04
Thymus 1.05E-02 1.47E-03
Thyroid 9.03E-03 7.74E-04
Urinary bladder 2.73E-02 9.35E-03
Uterus 2.11E-02 1.17E-03
Total body 1.45E-02 1.39E-03
Effective dose (ICRP 60 (28)) 2.31E-02 9.29E-04
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radiotracer injection. Performing kinetic
modeling using the full length of the PET
series or truncating to 90 min of data margin-
ally underestimated V; by about 3% and
overestimated BPyp by about 9%. Moreover, a good BPy, test—retest
reproducibility was obtained for 90 min of PET data (on average <
10%). Taken together, the data suggested that quantification of A, in
the brain using '8F-MNI-444 could be successfully achieved by ac-
quiring only 90 min of data.

Noninvasive methods of analysis were found to be suitable for
quantification of '8F-MNI-444 brain PET data, for which we found
a good correlation between invasive and noninvasive methods of
quantification (R? > 0.99) and a small (~6% for SUVr) bias for
BPy, estimates. The cerebellum was used as a reference region for
estimation of tissue ratios and BPyps, given the low uptake ob-
served in this region and previously published data indicating the
low to negligible A, density in the cerebellum in different species
(26,27). Previously, we have observed that this region was suitable
for quantification of '23I-MNI-420 SPECT images. High doses of
caffeine or the selective A, antagonist preladenant did not reduce
123].MNI-420 cerebellar uptake in monkeys (16), and this was con-
firmed with 18F-MNI-444 against preladenant or tozadenant, an-
other selective A,4 antagonist (21).

The search for simplified methods of analysis often requires a trade-
off between accuracy and simplicity. Given the good agreement
between Vyand BPyp values determined using longer and shorter
acquisitions, as well as between noninvasive and invasive methods
of quantification (R? > 0.99), and the small bias associated with
these simplifications, the shortening of the PET acquisition or the
acquisition of data between 60 and 90 min after radiotracer injection
and the use of the cerebellum for data quantification seem to be suitable
approaches for evaluation of A, in the brain using PET with '8F-MNI-
444. The use of simple ratios methods (SUVr between 60 and 90 min)
will, however, have to be confirmed in human subjects with blocking
studies with a selective A, antagonist and in patient populations.

Whole-body PET imaging studies after intravenous injection of
I8F-MNI-444 in healthy human volunteers showed that this radio-
tracer’s main elimination route was hepatobiliary. The determined
mean effective dose of approximately 0.023 mSv/MBq suggests
only modest radiation exposure associated with '8F-MNI-444 imag-
ing in humans and allows for multiple scans to be acquired in the
same research subject per year. Furthermore, the determined effec-
tive dose is similar to that of other '8F-labeled radiotracers currently
used in human studies. For example, the whole-body effective dose
determined after intravenous injection of '8F-FDG was found to be
around 0.029 mSv/MBq (33).

CONCLUSION

Data reported here demonstrated that '8F-MNI-444 is a useful
PET radiotracer for in vivo imaging of A, in the human brain.
Kinetic modeling results indicated that the cerebellum can be used
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as a reference region for data analysis with 90-min PET imaging.
The estimated mean effective dose suggests that an acceptably low
radiation exposure is associated with '8F-MNI-444 imaging in
human subjects, and it is consistent with values reported for other
PET radiotracers currently in human use. The development of '3F-
MNI-444 provides the opportunity to further expand the global use
of in vivo A4 PET imaging in neuroscience research.
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