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Translocator protein (TSPO) is expressed at a low level in healthy

brain and is upregulated during inflammatory processes that may

occur in neurodegenerative diseases. Thus, TSPOmay be a suitable

in vivo indicator of neurodegeneration. Here, we quantified the 18F-
DPA-714 radioligand in healthy TSPO-genotyped volunteers and

developed a method to eliminate the need for invasive arterial blood

sampling.Methods: Ten controls (7 high-affinity binders [HABs] and
3 mixed-affinity binders [MABs]) underwent 18F-DPA-714 PET with

arterial and venous sampling. 18F-DPA-714 binding was quantified

with a metabolite-corrected arterial plasma input function, using the

1- and 2-tissue-compartment models (TCMs) as well as the Logan
analysis to estimate total volume distribution (VT) in the regions of

interest. Alternative quantification methods were tested, including

tissue-to-plasma ratio or population-based input function approaches

normalized by late time points of arterial or venous samples. Results:
The distribution pattern of 18F-DPA-714 was consistent with the

known distribution of TSPO in humans, with the thalamus displaying

the highest binding and the cerebellum the lowest. The 2-TCM best
described the regional kinetics of 18F-DPA-714 in the brain, with

good identifiability (percentage coefficient of variation , 5%). For

each region of interest, VT was 47.6% ± 6.3% higher in HABs than in

MABs, and estimates from the 2-TCM and the Logan analyses were
highly correlated. Equilibrium was reached at 60 min after injection.

VT calculated with alternative methods using arterial samples was

strongly and significantly correlated with that calculated by the 2-

TCM. Replacement of arterial with venous sampling in these meth-
ods led to a significant but lower correlation. Conclusion: Gen-

otyping of subjects is a prerequisite for a reliable quantification of
18F-DPA-714 PET images. The 2-TCM and the Logan analyses are

accurate methods to estimate 18F-DPA-714 VT in the human brain of
both HAB and MAB individuals. Population-based input function

and tissue-to-plasma ratio with a single arterial sample are promis-

ing alternatives to classic arterial plasma input function. Substitution
with venous samples is promising but still requires methodologic

improvements.
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Neuroinflammation is implicated in many neurodegenerative
diseases and microglial activation is suspected to play a role in the

central nervous system (1). The identification of a PET radiotracer

that can detect the microglial activation could prove to be a useful

noninvasive approach to facilitate the characterization and under-

standing of neurodegeneration.
The translocator protein (TSPO) (18 kDa), which is located in

the outer mitochondrial membrane, is widely distributed in many

peripheral tissues and in the central nervous system (2). The abun-

dance of TSPO is low in normal brain tissue but is markedly

elevated in neuroinflammatory brain diseases. TSPO is thus con-

sidered a promising target for the early imaging of microglial

activation. The 11C-PK11195 ligand was the first described TSPO

radioligand and has been extensively used in animal models and in

patients with neurodegenerative diseases over the past 2 decades.

Nevertheless, this ligand has many limitations, including strong

nonspecific and plasma protein binding and low brain uptake. A

second generation of TSPO radioligands with improved properties

has since been developed, including 11C-PBR28 ([methyl-11C]N-ace-

tyl-N-(2-methoxybenzyl)-2-phenoxy-5-pyridinamine), 18F-PBR111

(2-(6-chloro-2-(4-(3-18F-fluoropropoxy)phenyl)imidazo[1,2-a]pyri-

din-3-yl)-N,N-diethylacetamide), 18F-FEDAA1106 (N-(5-fluoro-2-

phenoxyphenyl)-N-(2-18F-fluoroethyl-5-methoxybenzyl)acetamide),
18F-FEPPA (N-2-(2-18F-fluoroethoxy)benzyl-N-(4-phenoxypyridin-3-

yl)acetamide), 18F-PBR06 (N-(2,5-dimethoxybenzyl)-2-18F-fluoro-N-

(2-phenoxyphenyl)acetamide), 11C-DPA-713 (N,N-diethyl-2-[2-

(4-11C-methoxyphenyl)-5,7-dimethyl-pyrazolo[1,5-a]pyrimidin-3-

yl]-acetamide), and 18F-DPA-714 (N,N-diethyl-2-(2-(4-(2-18F-fluo-

roethoxy)phenyl)-5,7-dimethylpyrazolo[1,5-a]pyrimidin-3-yl)acet-

amide). Although some ligands radiolabeled with 11C are highly

specific for TSPO, with many advantages over the 11C-PK11195,

their short half-life considerably complicates their widespread use.
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Among the 18F-labeled compounds, 18F-FEDAA1106 has showed
slow kinetics in healthy individuals and Alzheimer disease patients (3)
not suitable for in vivo imaging and quantification of TSPO. 18F-PBR06
(4) demonstrated favorable properties in healthy humans but produced
brain-penetrant radiolabeled metabolites that could bias the binding
quantification. 18F-FEPPA and 18F-PBR111 displayed favorable prop-
erties for imaging in healthy humans (5,6), although 18F-FEPPA is
rapidly metabolized.
Recent preclinical studies (7–9) have identified 18F-DPA-714 as

a promising TSPO ligand for in vivo imaging, and 18F-DPA-714
has been used to quantify TSPOs in healthy subjects (10) and in
amyotrophic lateral sclerosis, Alzheimer, or stroke patients (11–13).
In most studies, quantification was performed without arterial sam-
ples or metabolite analysis and was based either on a simplified
compartmental model (the cerebellum as a reference region (10,12))
or on a cluster analysis (10,11,13).
Interestingly, Owen et al. (14) demonstrated in humans that

second-generation TSPO tracers target 2 binding sites that lead
to 3 affinity patterns: high-, low-, and mixed-affinity binders
(HABs, LABs, and MABs, respectively). The recent TSPO radio-
ligands, therefore, have to be evaluated by accounting for the
TSPO genotype of each subject, which has not been the case so
far for 18F-DPA-714.
Here, we evaluated the ability of 18F-DPA-714 to quantify the

TSPO in the brain of 10 healthy subjects with known TSPO ge-
notype. Using arterial blood sampling and metabolite correction,
we sought to determine the compartmental model that best de-
scribed 18F-DPA-714 cerebral uptake. We investigated whether the
total distribution volume (VT) could be properly identified and
differed as a function of the TSPO genotype. We determined the
scan duration needed for stable VT estimates. Last, we studied
whether a population-based input function (PBIF) method or the
use of venous sampling could provide accurate quantification
while avoiding the need for invasive arterial blood sampling.

MATERIALS AND METHODS

Study Design

Ten healthy volunteers (4 women and 6 men; age6 SD, 43.56 15.7 y)
were included. Written informed consent was obtained from all partici-

pants. All individuals were genotyped for the rs6971 polymorphism within
the TSPO gene, and genetic analysis revealed 7 HABs and 3 MABs. Each

participant underwent T1-weighted MR imaging (to delineate anatomic
boundaries for region-of-interest [ROI] analysis) and 18F-DPA-714 PET

scanning. A 18F-DPA‐714 bolus was injected intravenously (201.4 6
26.3 MBq), and the dynamic PET acquisition lasted 90 min. During

acquisition, sequential arterial and venous blood was sampled to gen-
erate an arterial input function (AIF) and venous input function.

Supplemental data (available at http://jnm.snmjournals.org) provide
details on volunteers, genetic analysis procedure, 18F-DPA-714 syn-

thesis, and imaging protocols.

18F-DPA-714 PET Quantification

Reconstructed dynamic data were realigned for motion correction
according to the process of frame-to-reference image registration in

Pmod (version 3.5; PMOD Technologies Ltd.).
All T1 MR images were automatically segmented using Freesurfer

5.3, which is documented and freely available for download online
(http://surfer.nmr.mgh.harvard.edu/). Selected segmented ROIs were

those described as having a moderate, low, or high density of TSPO
in normal conditions (15): thalamus; caudate; putamen; hippocampus;

white matter; cerebellum; and occipital, parietal, frontal, and temporal
cortices. Data from left and right regions were averaged.

After coregistration (BrainVISA), the MR imaging–defined ROIs

were applied to the dynamic PET scan to derive regional time–activity
curves.

The 1- and 2-tissue-compartment model (1-TCM and 2-TCM,
respectively) were applied to the dynamic PET data (Pmod). Blood

volume correction was fixed at 5%. The outcome parameters VT, Vs

(specific volume of distribution), and kinetic rate constants were esti-

mated for each region. Logan graphical analysis was tested with the fit
starting at 30 min.

To investigate the scanning duration required for reproducible
estimates of VT, a time-stability analysis was performed (2-TCM) by

analyzing reduced scan durations ranging from 90 (VT-90 min) to
30 min, with a 10-min step.

To simplify the quantification, the equilibrium state between the
parent plasma P and the free ligand F compartments (and between free

F and bound B ligand compartments) was estimated from the ratio of
the concentrations in these 2 compartments (F/P and B/F) in the 2-

TCM. At equilibrium, the ratio of brain tissue to AIF (ratioAIF) cor-
responds to the definition of the VT parameter and is proportional to

the receptor density (16). From equilibrium, these ratios were individ-

ually calculated and were compared with the corresponding VT

extracted from 2-TCM analysis (VT-2TCM).

The equivalence between unchanged 18F-DPA-714 concentrations
in venous and arterial plasma was also tested for each individual. At

equivalence, the ratio obtained between the brain tissue and the
unchanged venous plasma activity concentrations was calculated

(ratiovein) and compared with VT-2TCM.
More details on 18F-DPA-714 PET data quantification and PBIF

method are described in the supplemental data.

PBIF

We used a leave-one-out approach based on all subjects: for each

subject, a standard input function (SIF) was created by averaging the
AIF of the 9 other subjects. The SIF was then normalized by the value of

the individual AIF at time Ta (AIFTa) so that the SIF was dimensionless.

To replace the arterial sample with the venous samples for the
normalization of the SIF, we defined a linear function f(x) to estimate

the value of AIF at time Ta based on venous samples. To evaluate the
accuracy of the PBIF method, VT was assessed with the Logan graph-

ical model using as input the original AIF (VT-Logan), the arterial-
based input function (VT-PBIF-AIF), or the venous-based input function

(VT-PBIF-vein).

FIGURE 1. 18F-DPA-714 representative SUV PET images (summed

from 60 to 90 min) showing axial, sagittal, and coronal views of HAB

(A) and MAB (B) individual.
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Statistical Analysis

Data are presented as the mean 6 SD. Goodness of fit by the non-

linear least-squares method was evaluated using the Akaike informa-
tion criterion (AIC). The SE of estimation was expressed as a percentage

of the rate constant (coefficient of variation [%COV]). AIC esti-
mates from the 1- and 2-TCM were compared with a Wilcoxon

paired t test for each ROI. VT values between MABs and HABs
were compared using a Mann–Whitney U test. Coefficients of cor-

relation (Spearman) were evaluated between the different parame-
ters. Statistical analysis was conducted with R (R Project for Statistical

Computing). The threshold of significance was set to a P value of
less than 0.05.

RESULTS

18F-DPA-714 Distribution

All subjects showed fairly uniform 18F-DPA-714 binding in the
brain, with higher levels of radioactivity in HABs than in MABs
(Fig. 1). The thalamus region demonstrated the highest 18F-DPA-
714 uptake.
The concentration of the ligand in tissue peaked within the first

4 min and washed out with different elimination rates depending
on the genetic group and ROI (Fig. 2). The peak was slightly
higher, and washout was faster in MABs than in HABs.
Between 60 and 90 min, the thalamus exhibited the highest

washout (mean standardized uptake value [SUV], ;0.75 and
;1.11 for MAB and HAB groups, respectively), followed by
the parietal and frontal cortices (;0.63 and ;0.90), the hippo-
campus, white matter, occipital cortex (;0.59 and ;0.79), putamen
(;0.56 and ;0.88) and caudate, cerebellum, and temporal cortex
(;0.51 and ;0.69).
In plasma, the metabolism of 18F-DPA-714 was relatively slow,

with an unchanged fraction reaching 54.8% 6 9.7% of the total
plasma activity at 90 min in arterial samples. Similar values were
obtained in the venous plasma with 54.5% 6 9.6% at 90 min. The
difference between the venous and arterial unchanged fraction was
low in each individual: 3.1% 6 1.8% at 90 min, except for 1
participant who displayed a much higher unchanged fraction in
venous plasma (119%) than in arterial plasma. This individual
was excluded from the analysis based on venous data.
After a rapid distribution phase (peak of 7.3 6 3.2 SUV at

1 min), the unchanged radiotracer in arterial plasma showed slow
elimination kinetics with low concentrations and small interindi-
vidual variability (0.22 6 0.08 SUV at 30), with no SUV differ-
ence between HABs and MABs (respectively, 0.133 6 0.037 and
0.137 6 0.080 between 60 and 90 min).

In venous plasma, the elimination kinet-
ics occurred at the same rate as in arterial
plasma, with lower values (24% 6 13%)
and higher interindividual variability.

18F-DPA-714 Quantification

The 2-TCM fitted correctly the kinetics
of the radiotracer and identified the best
AIC scores (33.5 6 16.5). The VT pa-
rameter was identified with a %COV
for VT-2TCM ranging between 2.1% and
4.9%, depending on the ROI. This model
estimated the rate constants with moderate
identifiability (mean, 8.2, 19.0, 25.3
and 17.4 %COV for K1, k2, k3, and k4,
respectively).

Fitting with the 1-TCM deviated from the measured PET data
(Fig. 3), and this model gave a significantly higher AIC score
(49.2 6 20.7) than the 2-TCM (P , 0.004).
Therefore, the unconstrained 2-TCM best described the kinetics

of both specific and nonspecific 18F-DPA-714 binding (Table 1).
VT was higher in HABs (145.9% 6 4.8%) than MABs, with

a trend toward significance in the thalamus and white matter
regions (P 5 0.055) despite the small number of subjects. Figure
4 shows the variability in the VT estimates, which is substantial in
the HAB group. No correlation between the age of subjects and
VT values in the HAB group was found (20.2 , r , 20.61,
depending on ROI).
The nondisplaceable distribution volume VND (K1/k2) and Vs

(Vs 5 VT – VND) were estimated for each region. When both
HABs and MABs were considered, VND estimates ranged from
0.82 mL/cm3 in the thalamus to 1.13 mL/cm3 in the caudate, with
an average of 0.975 6 0.08 mL/cm3 across regions (mean VND

was 0.77 and 1.07 mL/cm3 in MABs and HABs, respectively).
VND was equal to 1.02 mL/cm3 across all regions and individuals,
using the polymorphism plot method developed by Guo et al. (5).
For both genetic groups, Vs was lowest in the caudate and highest
in the thalamus (Table 2). The ratio of specific to total uptake of
18F-DPA-714 was approximately 80% in the thalamus and the
hippocampus regions, approximately 65% in the occipital, parie-
tal, frontal, and temporal cortices, and only 50% in the caudate.
This ratio was similar for HABs and MABs.
The time-stability analysis showed that VT-60 min was similar to

VT-90 min (VT-60 min . 98% of the VT-90 min value in all ROIs for
MABs and HABs), and covariance was stable (12.29% higher at

FIGURE 2. Time–activity-curves of SUV expressed as mean ± SD in several brain structures of

MAB (A) and HAB (B) subjects.

FIGURE 3. Model-fit comparisons. Example of 1- and 2-TCM fit to

parietal (A) and occipital cortex (B) for one HAB subject.
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60 than at 90 min). VT-60 min and VT-90 min were highly correlated
when all subjects were pooled (r 5 0.92 for the white matter, r 5
0.59 for the putamen, r . 0.90 for other ROIs, P , 0.001). When
the duration of the scan was reduced to 30 min, VT identifiability
was poorer (%COV . 10) and showed higher bias to VT-90 min

(Fig. 5).
VT-Logan values were highly correlated with those obtained with

the 2-TCM (r . 0.98, P , 1028; Table 2): the mean underesti-
mation of the VTwith this approach was 2.07% and 3.01% over all
ROIs for MABs and HABs, respectively.
As a prerequisite of the alternative quantification methods,

B/F and F/P were calculated and were found to rapidly increase
with time, reaching a plateau at 30 min (Fig. 6) for each subject.
They both were stable at 60 min, with a mean variation of 2%
between 60 and 90 min for all individuals and ROIs. No differ-
ence was observed between HABs and MABs. 18F-DPA-714
therefore reached a true equilibrium after 60 min after injec-
tion. The ratioAIF was calculated for the last 30 min (60–90 min)
for each individual: it was highly correlated with the VT-2TCM

for all regions (r 5 0.93 6 0.05, P , 1023; Fig. 7) and was
29.9%6 5.0% higher than the VT-2TCM. The ratiovein was 72.7%6
6.6% higher than the VT-2TCM across all ROIs, and both
parameters were found correlated as well (r 5 0.83 6 0.06,
P 5 0.01).
In the PBIF method, the correlation between the AIF points

and the area under the curve was highest at 40 min (r 5 0.96,
P , 1025). This time point was chosen as Ta to normalize the SIF.
VT-PBIF-AIF was strongly correlated with VT-Logan and VT-2TCM

(r 5 0.97 6 0.03, P 5 0.02; Fig. 7). The difference between
VT-PBIF-AIF and VT-Logan values was 2.2% 6 5.8%. VT-PBIF-vein

and VT-Logan (difference of 2.4% 6 29.3%) showed a mean cor-
relation of 0.67 6 0.10, which was significant in the caudate,
putamen, thalamus, white matter, and frontal and parietal cortex
regions.

DISCUSSION

We quantified 18F-DPA-714 uptake in the brain of TSPO-
genotyped healthy individuals.

We found that the 2-TCM described the kinetics of the tracer
better than the 1-TCM, with good identifiability of the VT, VND,
and Vs parameters. Furthermore, the Logan approach was highly
correlated with the 2-TCM and accurately estimated VT. This
approach can be further applied at the voxel level to produce
parametric VT maps. Our observations are consistent with studies
regarding TSPO radioligands showing that the 2-TCM is superior
to the 1-TCM (5,6,12,17). The range of our VT estimates (3–5
mL/cm3) was similar to that found for 18F-DPA-714 (12), 11C-
PRB28, and 18F-PBR111 in HABs (5,15) and for 11C-DPA-713
(17). Our estimates in the ROIs were consistent with the known
distribution of TSPO in the human brain and with previous stud-
ies on 11C-PK11195, 11C-DPA713, 11C-PBR28, and 18F-FEPPA
(6,15,17,18): the biodistribution of 18F-DPA-714 was widespread
and similar in the different cortical regions, but activity concen-
tration was always higher in the thalamus than in the other cerebral
regions.
The mean VND in the brain was 0.975 mL/cm3, further con-

firmed by the polymorphism plot method (5). This value was in

TABLE 1
Rate Constant Estimates from 2-TCM Analysis

K1 (mL⋅min−1⋅cm−3) k2 (min−1) k3 (min−1) k4 (min−1)

Region MAB HAB MAB HAB MAB HAB MAB HAB

Thalamus 0.39 (0.12) 0.35 (0.15) 0.77 (0.40) 0.40 (0.14) 0.53 (0.09) 0.28 (0.06) 0.12 (0.05) 0.06 (0.01)

Caudate 0.33 (0.09) 0.24 (0.13) 0.72 (0.38) 0.18 (0.07) 0.49 (0.15) 0.13 (0.07) 0.17 (0.09) 0.08 (0.02)

Putamen 0.35 (0.07) 0.37 (0.21) 0.57 (0.30) 0.39 (0.26) 0.31 (0.20) 0.26 (0.13) 0.08 (0.02) 0.08 (0.02)

Hippocampus 0.29 (0.08) 0.30 (0.22) 0.70 (0.40) 0.55 (0.62) 0.38 (0.23) 0.22 (0.18) 0.15 (0.10) 0.05 (0.03)

White matter 0.23 (0.05) 0.20 (0.10) 0.53 (0.32) 0.22 (0.13) 0.31 (0.14) 0.15 (0.10) 0.10 (0.04) 0.05 (0.01)

Cerebellum 0.39 (0.09) 0.30 (0.17) 0.77 (0.42) 0.32 (0.17) 0.36 (0.24) 0.30 (0.19) 0.29 (0.25) 0.11 (0.05)

Occipital 0.45 (0.13) 0.32 (0.15) 1.03 (0.77) 0.33 (0.13) 0.46 (0.15) 0.27 (0.13) 0.31 (0.29) 0.09 (0.03)

Parietal 0.36 (0.05) 0.33 (0.17) 0.65 (0.15) 0.32 (0.15) 0.52 (0.09) 0.27 (0.13) 0.17 (0.10) 0.08 (0.02)

Frontal 0.40 (0.08) 0.31 (0.17) 0.87 (0.50) 0.25 (0.11) 0.48 (0.16) 0.23 (0.10) 0.18 (0.11) 0.08 (0.02)

Temporal 0.27 (0.09) 0.28 (0.18) 0.44 (0.39) 0.37 (0.31) 0.23 (0.24) 0.26 (0.17) 2.00 (2.56) 0.08 (0.03)

Data in parentheses are SDs.

FIGURE 4. VT estimates in different ROIs for HAB and MAB groups.

Data are expressed as mean ± SD.
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the same range as the VND of the 18F-PBR111 tracer (1.18 mL/
cm3) but was smaller than the VND of 11C-PRB28 (between 1.6
and 2 (15)), indicating that 18F-DPA-714 has lower nonspecific
binding than 11C-PRB28. All these data suggest that 18F-DPA-714
is a highly specific ligand for TSPO.
We compared the binding of 18F-DPA-714 in 2 genetic groups

using VT outcome measures. It was not known whether the differ-
ent binding states reported for 11C-DPA-713 (19) also exist for
18F-DPA-714. However, we expected 18F-DPA-714 to exhibit dif-

ferential affinity for TSPO, as observed for all second-generation
TSPO ligands examined to date, because 18F-DPA-714 and 11C-
DPA-713 are structurally similar (20). We found approximately
50% difference in VT between HABs and MABs, which was
higher than the difference seen with the 18F-FEPPA tracer (be-
tween 15% and 30% (21)) but within the same range as the one
with 11C-PBR28 (15).
The difference in VT between HABs and MABs was evident

from the shape of the time–activity curves in each affinity group.
In addition, one LAB individual was also
initially included in our study, and the cor-
responding time–activity curve clearly dif-
fered from the time–activity curves of the
other 2 groups, suggesting that the VT pa-
rameter of LABs is different from that of
HABs and MABs (Supplemental Fig. 1).
Arterial sampling was not performed for
this subject.
Our data confirm that 18F-DPA-714

binding is influenced by the Ala147Thr
polymorphism of TSPO, demonstrating
the need to genotype each subject to
stratify analysis and to accurately inter-
pret 18F-DPA-714 binding.

TABLE 2
VT, Vs, and BPnd Estimates from 2-TCM and Logan Analysis

2-TCM

Region VT VS BPnd (k3/k4) Logan, VT

MAB

Thalamus 3.45 (0.26) 2.91 (0.35) 5.17 (2.09) 3.43 (0.22)

Caudate 2.27 (0.25) 1.58 (0.47) 3.58 (1.83) 2.35 (0.24)

Putamen 2.70 (0.21) 1.90 (0.59) 3.13 (2.08) 2.74 (0.24)

Hippocampus 2.70 (0.21) 2.20 (0.32) 4.80 (3.12) 2.69 (0.19)

White matter 2.56 (0.22) 1.84 (0.51) 4.33 (2.97) 2.60 (0.24)

Cerebellum 2.49 (0.21) 2.04 (0.22) 3.48 (2.32) 2.49 (0.19)

Occipital 2.81 (0.25) 1.90 (0.68) 4.09 (2.52) 2.87 (0.21)

Parietal 2.88 (0.33) 1.92 (0.68) 3.79 (1.14) 2.89 (0.33)

Frontal 2.97 (0.40) 2.10 (0.72) 4.58 (2.57) 2.97 (0.37)

Temporal 2.54 (0.22) 1.79 (0.45) 2.54 (2.50) 2.53 (0.21)

HAB

Thalamus 5.24 (1.77) 4.31 (1.48) 4.80 (0.73) 4.84 (1.68)

Caudate 3.30 (1.27) 1.91 (0.76) 1.49 (0.39) 3.05 (1.23)

Putamen 4.17 (1.40) 3.12 (1.21) 3.05 (1.17) 3.95 (1.35)

Hippocampus 3.90 (1.03) 2.90 (1.06) 3.74 (2.18) 3.73 (1.08)

White matter 3.75 (1.13) 2.70 (0.90) 2.80 (1.01) 3.60 (1.14)

Cerebellum 3.44 (1.32) 2.43 (1.23) 2.51 (1.19) 3.24 (1.32)

Occipital 3.86 (1.22) 2.83 (1.00) 2.90 (0.95) 3.72 (1.14)

Parietal 4.24 (1.47) 3.21 (1.31) 3.04 (1.01) 3.98 (1.42)

Frontal 4.43 (1.67) 3.26 (1.39) 2.63 (0.68) 4.12 (1.59)

Temporal 3.43 (1.09) 2.47 (1.08) 2.87 (1.61) 3.28 (1.07)

Data in parentheses are SDs.

FIGURE 5. VT time-stability assessment for unconstrained 2-TCM in MAB and HAB groups.
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In the HABs, VT showed high variability that could be related
to K1 higher variability in that group, compared with MABs
(Table 1). Such variability in HABs has already been reported
for other tracers, namely 18F-PBR111 (5) and 18F-FEPPA (22).
As described in Guo et al. (5), we checked here if age or
injected mass could influence the binding of radiotracers to
TSPO but we found no correlation between those variables
and ligand binding. This result was consistent with the findings
of Suridjan et al. (21), who previously determined that age did
not influence the binding of the 18F-FEPPA tracer in a large
HAB cohort (n 5 22).
Arterial blood sampling to quantify 18F-DPA-714 is invasive

and unsuitable for routine use in patients. Therefore, the reference-
based quantitative method (simplified reference tissue model)
with the cerebellum as a reference region may be an easier
alternative method for data analysis (10,12). Although Golla
et al. found a good correlation between the binding potential
(BPnd) estimated in the simplified reference tissue model and
the associated VT-2TCM values, here we could not always reliably
estimate the BPnd parameter using same method. In addition,
when correctly estimated, BPnd clearly did not correlate with
our VT-2TCM estimates, likely meaning that Vs in the cerebellum
is not negligible and the use of this region as a reference can bias
the quantification. Moreover, TSPO is widely distributed in the
entire brain, thus no anatomic region can be considered devoid of
TSPO binding sites.

We tested 3 methods to limit the burden of the 18F-DPA-714
PET scan: (1) we tried to reduce the scan duration and we
performed the quantification with (2) venous blood samples
only or (3) a single arterial blood sample. Our analyses showed
that equilibrium was attained by 60 min, suggesting that ac-
quisition time can be reduced to 60 min in clinical trials. More-
over, the small increase in VT between 60 and 90 min suggests
that radiometabolites potentially entering the brain do not sub-
stantially contribute to VT, as previously described (23). Indeed,
we recently showed that one 18F-DPA-714 radiometabolite
contributes to about 15% of brain radioactivity after 120 min
in rats. And this value is likely to be much lower in humans at
90 min because metabolism is much slower in humans than in
rodents.
The distribution volume calculated after equilibrium as

ratioAIF was strongly correlated with VT estimated by the 2-
TCM. This method could be therefore used with an acquisition
starting 60 min after radiopharmaceutical injection and lasting
only 30 min. The ratiovein (to avoid using arterial invasive pro-
cedure) was correlated with VT-2TCM, but the correlation was
high in the same individual while we observed a higher vari-
ability between subjects. This finding is probably explained by
the variability in the ratio in venous samples between subjects,
despite a stable arteriovenous ratio during analysis (60–
90 min). Further work is in progress to better understand and
to reduce the variability of the venous sampling. Furthermore,
although both ratios were correlated with VT-2TCM, they both
overestimated the VT value by approximately 20% and 70%,
respectively.
The results of the PBIF method based on one arterial sample or

venous samples were highly consistent with those of the full AIF
and gave VT estimates (VT-PBIF-AIF and VT-PBIF-vein) close to the
VT-2TCM, with only approximately 2% difference. As expected, the
variability of the equilibrium between arterial and vein input func-
tions led to substantial variability in the PBIFvein method (;30%
SD for the difference between VT-PBIF-vein and VT-2TCM). However,
our method based on f(x) minimized the difference between ve-
nous and arterial samples and provided a similar error for both
PBIFvein and PBIFartery methods. Although this result is encourag-
ing, the number of individuals (n 5 9) is insufficient to draw
definitive conclusions about the utility of a method using only
vein sampling. Further work on a larger cohort of HABs and
MABs will help us to improve the f(x) function.

CONCLUSION

18F-DPA-714 is highly specific for TSPO and can be quantified
using the 2-TCM and the Logan graphical approach. Radiolabel-
ing with 18F renders this ligand suitable for widespread use. It was
crucial first to characterize and to quantify this ligand in geno-
typed healthy controls before using it in patients. Indeed, we
showed that 18F-DPA-714 binding is influenced by the TSPO
polymorphism, consistent with all second-generation TSPO radio-
ligands. Genotyping subjects should be therefore systematically
performed before clinical interpretation of 18F-DPA-714 PET
scans in neuroinflammatory studies of various neuropathologies.
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