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The reliance of quantitative PET imaging on the arterial input function
makes brain PET challenging to perform in certain populations, limit-
ing the sample size. To address this challenge, a supervised clustering
algorithm (SVCA) has been introduced as an altemnative. Our objective
was to validate SVCA’s performance for brain PET with [''C|DPA-713
that targets a putative marker of brain injury and repair. Methods: This
study included a composite dataset comprising 12 healthy volunteers
(HVs), with 6 participants from Weill Cornell Medicine and 6 partici-
pants from Johns Hopkins University School of Medicine. The mini-
mum number of subjects required to define kinetic classes was
identified. Next, the distribution volume ratio (DVR) was examined by
comparing pseudoreference time-activity curves derived from SVCA
(SVCA-DVR) with the conventional arterial input function-based DVR
(AIF-DVR). Test-retest analysis was conducted to evaluate repeatabil-
ity, considering volumes of interest (VOIs) of various sizes. Lastly, the
research investigated differences in DVR values between the HVs and
patients with multiple sclerosis. Results: The number of subjects nec-
essary for the kinetic classes, which are critical to SVCA, was reduced
to 7 from the existing minimum requirement of 10. This allowed for a
more substantial independent validation within a defined dataset. Cor-
relative analysis between SVCA-DVR and AIF-DVR demonstrated a
strong relationship, with correlation coefficients of 0.86 for white mat-
ter and 0.95 for the thalamus. Furthermore, we noted a marked
decline in absolute test-retest variability for SVCA-DVR, with reduc-
tions from 1.31% to 1.18% in white matter and 3.51% t0 2.32% in the
thalamus, relative to AIF-DVR. This pattern of reduced variability per-
sisted across VOls of disparate sizes, with the absolute test-retest
variability remaining below 5% for SVCA-DVR, even in small VOIs
(both high and low binding at 0.065 cm®). Analysis revealed a pro-
nounced disparity in SVCA-DVR values of the thalamus when compar-
ing HVs and patients with multiple sclerosis. Conclusion: The findings
substantiate the pseudoreference time-activity curves derived from
SVCA as a dependable and practical substitute for the quantification
of [''C]DPA-713 PET scans of the brain.

Key Words: PET; [1 1 C]DPA-713; neuroinflammation; multiple sclerosis;
supervised clustering algorithm

Received Aug. 18, 2024; revision accepted Mar. 12, 2025.

For correspondence or reprints, contact Yeona Kang (yeona.kang@howard.
edu).

*Contributed equally to this work.

Published online Apr. 3, 2025.

Immediate Open Access: Creative Commons Attribution 4.0 International
License (CC BY) allows users to share and adapt with attribution, excluding
materials credited to previous publications. License: https://creativecommons.
org/licenses/by/4.0/. Details: https://jnm.snmjournals.org/page/permissions.

COPYRIGHT © 2025 by the Society of Nuclear Medicine and Molecular Imaging.

764

J Nucl Med 2025; 66:764-770
DOI: 10.2967/jnumed.124.268519

Neuroinﬂammation plays a pivotal role in the progression of
neurodegenerative diseases, primarily through the activation of
microglia and astrocytes (/,2). These cells, when activated, may
adopt proinflammatory phenotypes that can contribute to the pathol-
ogy of diseases such as Alzheimer, Parkinson, and multiple sclerosis
MS) (2,3).

The 18 kDa translocator protein (TSPO) is expressed on the
outer mitochondrial membrane of glial (microglia and astrocytes)
and vascular endothelial cells (4,5). Elevated levels of TSPO in
distinct brain regions have been observed in select subtypes or
stages of various neurologic conditions (6). Imaging TSPO with
PET-based radiopharmaceuticals requires arterial blood sampling
to determine the arterial input function (AIF), yet arterial cathe-
terization is not always feasible (7,8). Consequently, there is
growing interest in noninvasive approaches to estimate radio-
pharmaceutical binding to the target without arterial blood sam-
pling. Several alternative approaches have been proposed, including
the use of reference tissue methods, which eliminate the need
for arterial blood sampling (9). However, these methods rely on
the presence of an appropriate reference region devoid of speci-
fic binding sites, which may not be a feasible option for many
neuroinflammatory or neurodegenerative diseases. In this con-
text, advanced computational techniques such as the supervised
clustering algorithm (SVCA) have been proposed for use in
TSPO PET (10,11). These algorithms identify brain voxels with
signs of negligible specific binding that can be used as a pseudore-
ference region.

['!C]DPA-713 has been applied in various central nervous sys-
tem diseases (5). [''C]DPA-713 has been found to have advan-
tages relative to other TSPO-targeting radiotracers that may
position it to detect group differences in TSPO with more sensitiv-
ity (12-15). Although the application of the SVCA has been
applied to PET data acquired using the first-generation ([*'!C]-(R)-
PK11195 (10,16)) or select second-generation ([''C]JPBR28 (17)
and ['|F]DPA-714 (I8)) radiotracers for imaging TSPO, the
SVCA has yet to be applied to data generated using PET with the
second-generation TSPO radiotracer [!'C]DPA-713.
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This work aimed to assess the feasibility of the SVCA for quanti-
fying regional TSPO levels in the human brain using [!'C]DPA-713
PET data. Our objectives included measures of data efficiency,
including a minimization of required sample size that was not consid-
ered in prior published studies of the SVCA method. The effective-
ness of the SVCA was evaluated through comparative quantification
analyses using the AIF and test-retest variability (TRV). The poten-
tial applicability of the SVCA for smaller regional and lesion-based
analyses was also evaluated, through the examination of different
volumes of interest (VOIs) and the addition of data from individuals
with MS.

MATERIALS AND METHODS

Human Subjects

The study used a multi-institutional dataset, comprising 12 healthy
volunteers (HVs) from Weill Cornell Medicine (WCM) and Johns
Hopkins Medical Institutions (JHMI) (Supplemental Table 1; supple-
mental materials are available at http:/jnm.snmjournals.org). At WCM,
6 HVs underwent brain MRI and 2 ['!C]DPA-713 PET scans in a test—
retest design with a 2-h interval. Meanwhile, 6 HVs from JHMI under-
went a brain MRI and 1 [''C]DPA-713 PET scan. Additionally,
10 patients with MS from WCM underwent a brain MRI and
1 [''C]DPA-713 PET scan. The institutional review board of WCM
and JHMI approved all procedures, and all subjects gave written
informed consent. Patient characteristics and clinical data were
obtained within 1 mo of the individual’s brain MRI and [''C]DPA-
713 PET scan (Supplemental Table 1). Subjects were genotyped for
TSPO (rs6971), only considering mixed-affinity binders and high-
affinity binders in the study.

[''C]DPA-713 Administration

For the PET studies, 526.4 = 73.6 MBq (14.2 = 1.9 mCi) of
[''C]DPA-713 was administered through bolus intravenous injection,
followed by flushing with 10—15 mL of saline solution.

Image Acquisition and Processing

PET data acquisition began immediately after injection, lasting
90 min on the HRRT scanner (Siemens) at JHMI and the Biograph
mCT (Siemens) at WCM. For HVs from WCM, the PET data were
reconstructed into 32 frames (6 frames of 10 s each, then 4 X 30 s,
3X60s,2 X 120s,5 X 240, and 12 X 300 s) for a total scan time
of 90 min. Meanwhile, for HVs from JHMI, the PET data were recon-
structed into 30 frames (4 frames of 15 s each, then 4 X 30's,3 X 60 s,
2 X 120's,5 X 240 s, and 12 X 300 s) for a total scan time of 90 min.
Data were reconstructed using the ordinary Poisson ordered-subsets
expectation-maximization algorithm. JHMI used 6 iterations, 16 subsets,
and 2-mm gaussian filtering, whereas WCM used 4 iterations, 21 sub-
sets, and 4-mm gaussian filtering, with corrections for decay, dead time,
attenuation, scatter, and randoms.

Arterial Blood Sampling

Continuous arterial sampling was performed at 15-s intervals for
the first 10 min using an automated fraction collector, followed by
samples at 20, 30, 45, 60, and 90 min. Each of the blood samples was
weighed, counted using a Wizard automatic y-counter (PerkinElmer),
and the activity concentration was calculated. Blood samples drawn at
5, 10, 20, 30, 45, 60, and 90 min after injection were used to estimate
plasma metabolite fractions via centrifugation and high-performance
liquid chromatography. The blood time—activity curves were then cor-
rected for metabolites and decay, producing a metabolite and decay-
corrected AIF.

MRI and Preprocessing

Each subject underwent a T1-weighted MRI scan. Interframe head
motion correction was achieved by rigidly coregistering the individual
dynamic PET frames to the last 10-min image set using PMOD (ver-
sion 3.8; PMOD Technologies Ltd. (/9)). The resulting dynamic
image set was then rigidly registered to the T1-MR image set.

SVCA

The SVCA method is a noninvasive approach that identifies pseu-
doreference regions in the brain with minimal specific binding, ideal
for studies lacking invasive procedures or preliminary binding infor-
mation (/0,11). It operates in 2 primary phases. The first step involves
defining kinetic classes from HVs. In our study, 4 regions of kinetics
classes were considered: low-binding gray matter (GM), white matter
(WM), blood, and high-binding GM (e.g., thalamus). Using PMOD
software, dynamic PET scans were normalized, and extracted time—
activity curves for each class of masks were obtained from FreeSurfer
(20). The normalization process involves subtracting the framewise
average and then dividing by the SD within a brain mask at the indi-
vidual level. For the blood class, image-derived input function was
used by summing the initial frames of the dynamic PET imaging and
manually identifying the carotid artery to obtain the time-activity
curves on PMOD.

In the second step, pseudoreference curves were extracted. For sub-
jects independent of kinetic class development, each voxel in the nor-
malized PET scan was evaluated for similarity to the GM kinetic
profile. Following prior work (/7), the GM ratio was calculated as
the weight of GM relative to all kinetic classes. Voxels with a GM
ratio greater than 0.9 were selected, forming the pseudoreference
region. Pseudoreference curves were then derived by averaging
the time—activity curves of these voxels from the original dynamic
PET images.

Sensitivity Analysis of Kinetic Class Composite Number

Schubert et al. (//) recommended at least 10 HVs to develop
kinetic classes. To minimize the number of HVs for development, we
compared kinetic classes derived from various subject counts, ran-
domly selecting N of 12 (group N), as described in Figure 1. Group 10
served as the benchmark. ANOVA tests assessed differences between
groups, and correlation coefficients were calculated against group 10.
Using leave-1-out validation, we generated kinetic classes for groups
7 and 10 with 11 subjects, examining the robustness and accuracy of
pseudoreference curves (Fig. 2).

VOls

Automated brain segmentation was performed on the MPRAGE
MRI data using FreeSurfer version 8.0 (20). Standard FreeSurfer cere-
bral VOIs, including the thalamus, GM, and WM, were used for further
analysis with PET images. For the patients with MS, normal-appearing
WM masks were generated and replaced WM for patients with MS. To
assess the influence of VOIs on parameter estimates, VOI masks of
0.065, 0.15, and 0.29 cm’® were generated, reflecting MS lesion sizes
for evaluating the potential of the SVCA in lesion analysis.

Measurement of Distribution Volume Ratio (DVR)

The reference Logan graphical model (LGM) (27) was used to cal-
culate DVRs for each VOI with an equilibration time of 18 min using
the SVCA-derived pseudoreference curve, which is denoted as SVCA-
DVR. Meanwhile, the LGM (22) was used to calculate the total distri-
bution volume for each VOI with a equilibration time of 18 min and a
constant blood volume fraction of 0.05. Then AIF-DVR(GM) was
defined as the ratio of LGM distribution volume of the VOI to that of
the whole GM, and AIF-DVR(SVCA) was defined as the ratio of
LGM distribution volume of the target to that of the pseudoreference
curve. All kinetic analyses were performed using PMOD 3.5 (19).
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where T and RT refer to values from the test
and retest scans, respectively. Additionally,
absolute TRV (aTRV) is determined by taking
the absolute value of the TRV. The reliability
coefficient (RC) values were calculated as using
the following equation (26).

12 (T-RT)
%RC = 100 X 2.77 X NZW’
= ((T+RT)/2

Eq. 2
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systematic errors, indicating real change with
a greater than 95% probability (26). Statisti-
cal analyses were performed in MATLAB
(R2021b; MathWorks) with significance set
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Time groups 7-10 found no significant differ-

ences. Correlation analysis between group
7 and group 10 showed high coefficients,
0.992 (GM), 0.977 (WM), 0.982 (thala-
mus), and 0.976 (blood), indicating that
kinetic classes constructed with 7 subjects
are comparable to those with 10.

We assessed the robustness and accu-
racy of pseudoreference curves. Curves
from group 7 and group 10 showed similar
trends (mean difference, —0.019 to 0.009
kBq; Fig. 2). This indicates that 7 subjects
are sufficient to establish kinetic classes,
formed by randomly selecting 3 subjects
from WCM and 4 from JHMI, resulting in
4 classes: GM, WM, thalamus, and blood

(Fig. 3).

Comparison of SVCA-DVR with AIF-DVR

Five subjects that were excluded in the
development of kinetic classes were used for
validation (2 from JHMI and 3 from WCM).
We first compared AIF-DVR(GM) and AIF-
DVR(SVCA). The correlation coefficients
were 0.95 for WM and 0.98 for the thalamus,
indicating strong agreement. Bland—Altman
analysis further confirmed a high correlation

FIGURE 1.
(green). TAC = time—activity curve.

Statistical Analysis

To compare SVCA-DVR and AIF-DVR, the correlation coefficient,
the intraclass correlation coefficient (23), and the Bland—Altman plot
(24,25) were used. To assess the reproducibility of each method, the
TRVs of SVCA-DVR and AIF-DVR were calculated for each subject,

that is,
TRV = 100 X {T_RT}

T+ RD) Eq. 1
2

766

Comparison of pseudoreference curves generated from group 7 (orange) and group 10

between the 2 reference-based DVR values
(Supplemental Fig. 1). In the subsequent
analysis, we focused on AIF-DVR(GM).
Table 1 shows SVCA-DVR and AIF-DVR(GM) values for WM
and the thalamus. The correlation coefficients were 0.86 for WM
and 0.95 for the thalamus, with consistent results across geno-
types (mixed-affinity binders and high-affinity binders). Mixed-
affinity binders demonstrated better agreement in both regions
(Table 1). Intraclass correlation coefficient values between 2 DVR
values were 0.82 for WM and 0.96 for the thalamus, indicating
strong concordance between methods (Figs. 4A and 4B). Bland—
Altman analysis (Figs. 4C and 4D) revealed a mean bias of

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 66 ¢+ No.5 « May 2025



Activity (kBq)

o
=3

20 30 40 50 60
Time (min)

Activity (kBq)
(=]
8

-0.04
-0.06

o
=

20 30 40 50 60
Time (min)

2 SRR R

provided in Table 3. For each VOI,
SVCA-DVR data of both test and retest
scans are calculated from DVR parametric
map using the SVCA. Smaller VOIs increased
the DVR values in high-activity regions (thala-
mus) and decreased them in low-activity
regions (WM). However, the smallest WM
VOI (WM3) showed higher noise sensitivity,
partial-volume effects, and location-specific
variability. aTRV and the TRV were com-
puted to examine the reliability, suggesting
that smaller VOIs tended to show greater vari-
ability, though the relationship was not
strongly linear. In the test—retest study, the
smallest VOIs (0.065 cm®) had aTRVs of
2.43% (thalamus) and 3.23% (WM). Intraclass
correlation coefficient values exceeded 0.90
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FIGURE 2. Comparison of pseudoreference curves for the left-out subject on leave-1-out valida-
tion. Full range of 10 pseudoreference time-activity curves using group 7 with mean of group 10 (A).

Mean difference (group 7 — mean of group 10) is dotted with SD (B).

2.214% (WM) and —0.330% (thalamus), with all data within
agreement limits, demonstrating robust method consistency for
both regions.

Test-Retest Variability of SVCA-DVR

To assess the SVCA repeatability in ['!C]DPA-713 PET scans,
we calculated SVCA-DVR and AIF-DVR(GM) values from test—
retest scans of 3 validation subjects from WCM. The mean and
SD of DVR values for WM, GM, and the thalamus are in Table 2
(DVR values for each subject are in Supplemental Table 2). Abso-
lute variability decreased from 1.31% to 1.18% in WM and from
3.51% to 2.32% in the thalamus, indicating improved repeatability
with SVCA. The %RC values for both regions were no greater
than 7%, demonstrating robust repeatability. SVCA-DVR had
even lower %RC, highlighting its reliability. Intraclass correlation
coefficient values (0.98 for WM, 0.86 for the thalamus) confirm
strong test—retest consistency.

DVR Comparison with Various VOI Sizes
The impact of VOI sizes on DVR values were investigated. The
average size of WM and the thalamus and the size of VOIs are
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FIGURE 3. Developed kinetic classes based on 7 subjects.

for all regions. The highest %RC values were
7.16% for the thalamus and 11.46% for WM,
confirming repeatability for small VOIs in
both high- and low-uptake regions, supporting
their use in lesion analysis.

DVR Comparison with HVs and Patients with MS

To evaluate the SVCA’s ability to differentiate HVs (n = 6)
from patients with MS (r = 10), SVCA-DVR values were com-
pared across GM, WM, and the thalamus. SVCA-derived pseudor-
eference curves showed no significant difference between patients
with MS and HVs, except for 6 early time points before peak
activity (Supplemental Fig. 2). Mean DVRs for HVs were 0.988
(WM), 0.993 (GM), and 1.276 (thalamus) and those for patients
with MS were 0.996 (normal-appearing WM), 1.008 (GM), and
1.335 (thalamus). Significant differences were found only in the
thalamus (P = 0.049), whereas WM and GM showed no significant
differences (P = 0.693 and 0.126, respectively) (Fig. 5; Supplemen-
tal Table 3).

DISCUSSION

TSPO expression in microglia and astrocytes increases in
response to neurologic events such as trauma, infection, or condi-
tions such as MS. PET imaging with radioligands (['!C]-(R)-
PK11195, [''C]PBR28, ['|F]DPA-714, and [''C]DPA-713) is
commonly used to assess TSPO expression (27-29). However,
its widespread brain distribution complicates the identification
of a reference region, and blood sampling, often required for
quantification, is not always feasible in clinical settings. To
address this, the SVCA offers a noninvasive method for quanti-
fying TSPO with PET imaging. This study is the first to apply
the SVCA to human [''C]DPA-713 brain PET data from 2
research facilities.

The SVCA relies on predefined kinetic classes, typically devel-
oped using VOIs from at least 10 HVs (/7). However, our findings
demonstrate that kinetic classes from 7 subjects closely match
those derived from 10, offering a viable alternative when fewer
HVs are available (Fig. 2). This aligns with the ['SF]DPA-714
study (/8), which also used 7 subjects for kinetic classes, highlight-
ing the SVCA'’s effectiveness even with small cohorts.

To validate the SVCA, we assessed its efficiency by comparing
test-retest variability against that of AlF-derived PET quantifica-
tion, a recognized gold standard. Previous studies have used GM
as a pseudoreference to quantify TSPO PET brain image including

SVCA ror [''C]DPA-713 PET + Leeectal. 767



TABLE 1
Comparison of AIF-DVR(GM) and SVCA-DVR (n = 5)

WM Thalamus
Parameter AIF-DVR(GM) SVCA-DVR r ICC AIF-DVR(GM) SVCA-DVR r ICC
All 1.03 + 0.05 1.00 + 0.05 0.86 0.82 1.28 + 0.10 1.29 + 0.09 0.95 0.96
MAB 1.04 + 0.06 1.03 = 0.04 1.00 0.88 1.25 + 0.16 1.25 + 0.12 1.00 0.96
HAB 1.02 + 0.06 0.99 + 0.05 0.85 0.82 1.31 = 0.07 1.31 + 0.09 0.97 0.94

r = correlation coefficient; ICC = intraclass correlation coefficient;

MAB = mixed-affinity binder; HAB = high-affinity binder.

[''CIDPA-713 (17,18). In this study, we generated AIF-DVR
values using 2 reference curves: GM and the SVCA pseudorefer-
ence. AIF-DVR(GM) and AIF-DVR(SVCA) showed strong agree-
ment with a correlation coefficient greater than 0.9 for both WM and
the thalamus (Supplemental Fig. 1). For consistency and benchmark-
ing, we primarily used GM-based AIF-DVR to compare our SVCA-
DVR values with established standards.

In past validation studies of the SVCA, the common practice
involved using a leave-1-out strategy. For more rigorous valida-
tion, it is recommended that the validation set be entirely separate
from the data used to develop the predefined kinetic classes. This
ensures the robustness of the validation process. Previous method-
ologies (17,18) often incorporated mixed data usage, potentially
leading to an overestimation of the method’s efficacy. In contrast,
our study assessed the SVCA using an independent validation
dataset, thereby enabling a rigorous evaluation of its generalization
capabilities, distinctly separate from the dataset used for kinetic
class creation.

Accurately assessing TSPO expression via PET requires deter-
mining radiotracer binding in brain VOIs, through either an AIF
or a reference region. This study evaluated partial-volume effects

A White matter B Thalamus
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FIGURE 4. Correlation plot (A and B) and Bland-Altman plot (C and D) for
DVR values from AIF- and SVCA-derived pseudoreference curves (n = 5).

768

and statistical influences on radiotracer binding in lesion-sized
VOIs. VOI analysis revealed that smaller high-activity VOIs
increased SVCA-DVR values with stable statistical uncertainty,
whereas low-activity VOIs showed decreased SVCA-DVR values
and higher uncertainty (Table 3). These findings align with ['!C]-
(R)-PK11195 studies (30), but [''C]DPA-713 demonstrated superior
repeatability. For lesion-sized VOIs (~7 cm?), [''C]-(R)-PK11195
had mean aTRVs of 18.62% (WM) and 3.21% (thalamus) (30),
whereas [!!C]DPA-713 achieved aTRVs of 4.73% (WM) and
2.35% (thalamus) on smaller VOIs (0.15 cm®). Test-retest analysis
of SVCA-DVR showed improved repeatability and less variability
compared with AIF-DVR(GM), with aTRVs below 5% even for
VOIs under 1 cm® (Table 3). These results highlight SVCA-DVR as
a reliable, noninvasive method for longitudinal TSPO studies using
the reference LGM.

From the comparative study of SVCA-DVR in patients with
MS and HVs, we found that the thalamus of patients with MS
showed a DVR significantly higher than that of HVs (Fig. 5; Sup-
plemental Table 3). These results are consistent with numerous
TSPO studies wherein the thalamus is the most consistent brain
region to have elevated levels in patients with MS relative to con-
trols (5). Moreover, the studies align with our results, showing no
significance in GM. Although the studies reported a significant dif-
ference in WM between patients with MS and controls, we did not
observe this difference, which likely relates to our small sample
size. Additionally, there were significant differences of SVCA
pseudoreference curves between patients with MS and HVs at
early times. However, since the linearization in graphical analysis
is applied at later time points during quantification, the difference
at early time point has minimal effects on quantification.

This study validated the SVCA as a reliable and noninvasive
method for quantifying ['!C]DPA-713 PET imaging, though it has
limitations. The assumption that kinetic classes from 10 subjects
serve as a gold standard remains untested against larger datasets
(e.g., 20-30 subjects). Data from 2 institutions, using different
scanners and reconstruction methods, introduced potential bias.
The limited data posed a constraint. Alternatively, we generated
kinetic class libraries from mixed (primary), WCM (6 subjects),
and JHMI (6 subjects) datasets. DVR values calculated using
SVCA pseudoreference curves showed no significant differences
across libraries with high nonsignificant levels (P > 0.85), sug-
gesting minimal impact from scanner variability or lack of harmo-
nization (Supplemental Table 4). These findings also align with
those of Garcia-Lorenzo et al. (['*F]DPA-714) (18). Although the
SVCA has shown promise as a noninvasive method for quantifying
TSPO, its limitations remain underexplored. Studies by Plavén-
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TABLE 2
Descriptive Statistics and Absolute Variability, RC, and ICC for Test-Retest Study (n = 3)

AIF-DVR(GM) SVCA-DVR
Parameter Test Retest aTRV (%) RC (%) ICC Test Retest aTRV (%) RC (%) ICC
WM 1.04 £ 0.07 1.02 =0.06 1.31 =094 297 098 1.00+ 0.06 1.00 =0.06 1.18 =0.34 2.38 0.98
Thalamus 1.30 = 0.07 1.31 =0.06 3.51 =080 7.00 065 129 +0.06 131 *=0.05 232=*=169 530 0.86
ICC = intraclass correlation coefficient.
TABLE 3
Analysis for SVCA-DVR Values on Different Sizes of VOlIs for Test-Retest Study (n = 3)

Region Volume (cm®) Test Retest aTRV (%) TRV (%) ICC RC (%)
Thalamus 15.04 1.24 = 0.07 1.26 = 0.05 2.00 = 1.19 —1.37 £ 2.14 0.90 4.35

Thalamus1 0.29 1.49 = 0.19 1.51 = 0.14 3.08 = 2.19 —-1.52 = 3.71 0.96 7.16

Thalamus2 0.15 1.50 = 0.19 1.51 = 0.16 2.35 £ 1.34 —0.76 + 2.82 0.98 5.16

Thalamus3 0.065 1.51 = 0.22 1.52 = 0.18 2.43 = 1.35 —0.46 = 3.07 0.98 5.29

WM 443.39 0.96 = 0.05 0.97 = 0.06 1.30 = 0.60 —0.63 = 1.51 0.97 2.71

WM1 0.29 0.86 = 0.15 0.84 = 0.10 4.08 = 3.04 2.32 = 4.83 0.94 9.61

WM2 0.15 0.85 = 0.12 0.81 = 0.10 4.73 = 3.85 3.81 £ 4.96 0.92 11.46

WM3 0.065 0.99 = 0.30 0.96 *= 0.31 3.283 £ 4.14 3.09 + 4.27 0.99 9.62

ICC = intraclass correlation coefficient.

Sigray et al. (/6) and Zanotti-Fregonara et al. (/7) indicate that CONCLUSION

pseudoreference curves may still be contaminated by TSPO expres-
sion or overexpression, reducing sensitivity to subtle changes in
tracer binding. This limitation could affect the technique’s accuracy
in detecting small variations in TSPO levels. Blood-brain barrier
disruption, observed in diseases such as MS, may contribute to
increased tracer uptake including an early time point of reference
curves in the patient cohort, warranting further investigation in
future studies.
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FIGURE 5. Box plots for DVR values from SVCA-derived pseudorefer-
ence curves (HV = 6, patients with MS = 10).

This study confirms the SVCA’s effectiveness for [''C]DPA-713
PET quantification, offering data-efficient results. SVCA-generated
pseudoreference curves present a reliable and noninvasive substitute
for arterial blood sampling, enhancing the clinical applicability
of TSPO imaging across a wide spectrum of neurodegenerative
diseases. Furthermore, given its consistent variability across VOIs
of different sizes, this method shows promise for broadening the
clinical translation of TSPO to lesion-based studies of diseases
such as MS.
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KEY POINTS

QUESTION: Can SVCA-derived pseudoreference curves serve as
a reliable and noninvasive input function for [''CJDPA-713 PET?
Can this be implemented efficiently?

PERTINENT FINDINGS: SVCA-DVR shows a strong correlation
with AIF-DVR in regional analysis and improved test-retest
repeatability. It reliably distinguishes thalamic uptake between
HVs and patients with MS, even in smaller VOls.

IMPLICATIONS FOR PATIENT CARE: Analysis of VOIs and
discrepancies between HVs and patients with MS underscores the
potential of small region or lesion analysis in clinical applications.

REFERENCES

[

%)

W

[

3

oo

K=l

770

. Kwon HS, Koh S-H. Neuroinflammation in neurodegenerative disorders: the roles

of microglia and astrocytes. Transl Neurodegener. 2020;9:42.

. Subhramanyam CS, Wang C, Hu Q, Dheen ST. Microglia-mediated neuroinflam-

mation in neurodegenerative diseases. Semin Cell Dev Biol. 2019;94:112-120.

. Chen WW, Zhang X, Huang WIJ. Role of neuroinflammation in neurodegenerative

diseases. Mol Med Rep. 2016;13:3391-3396.

. Nutma E, Ceyzériat K, Amor S, et al. Cellular sources of TSPO expression in

healthy and diseased brain. Eur J Nucl Med Mol Imaging. 2021;49:146-163.

. De Picker LJ, Morrens M, Branchi I, et al. TSPO PET brain inflammation imaging:

a transdiagnostic systematic review and meta-analysis of 156 case-control studies.
Brain Behav Immun. 2023;113:415-431.

. Kreisl WC, Kim M-J, Coughlin JM, Henter ID, Owen DR, Innis RB. PET

imaging of neuroinflammation in neurological disorders. Lancet Neurol. 2020;19:
940-950.

. Everett BA, Oquendo MA, Abi-Dargham A, et al. Safety of radial arterial catheter-

ization in PET research subjects. J Nucl Med. 2009;50:1742.

. Chen K, Bandy D, Reiman E, et al. Noninvasive quantification of the cerebral meta-

bolic rate for glucose using positron emission tomography, '*F-fluoro-2-deoxyglucose,
the Patlak method, and an image-derived input function. J Cereb Blood Flow Metab.
1998;18:716-723.

. van der Weijden CW, Mossel P, Bartels AL, et al. Non-invasive kinetic modelling

approaches for quantitative analysis of brain PET studies. Eur J Nucl Med Mol
Imaging. 2023;50:1636-1650.

. Turkheimer FE, Edison P, Pavese N, et al. Reference and target region modeling of

[''C]-(R)-PK 11195 brain studies. J Nucl Med. 2007;48:158-167.

. Schubert J, Tonietto M, Turkheimer F, Zanotti-Fregonara P, Veronese M. Super-

vised clustering for TSPO PET imaging. Eur J Nucl Med Mol Imaging. 2021;49:
257-268.

20.

2

—_

22.

2

[

24.

2

W

26.

2

3

2

3

29.

30.

. Doorduin J, Klein HC, Dierckx RA, James M, Kassiou M, de Vries EF. [''C]-DPA-

713 and ['®F]-DPA-714 as new PET tracers for TSPO: a comparison with [''C]-(R)-
PK11195 in a rat model of herpes encephalitis. Mol Imaging Biol. 2009;11:386-398.

. Endres CJ, Pomper MG, James M, et al. Initial evaluation of ''C_DPA-713, a novel

TSPO PET ligand, in humans. J Nucl Med. 2009;50:1276-1282.

. Kobayashi M, Jiang T, Telu S, et al. ''C-DPA-713 has much greater specific bind-

ing to translocator protein 18 kDa (TSPO) in human brain than "C-(R)-PK11195.
J Cereb Blood Flow Metab. 2018;38:393-403.

. Fujita M, Kobayashi M, Ikawa M, et al. Comparison of four "C-labeled PET

ligands to quantify translocator protein 18 kDa (TSPO) in human brain: (R)-PK11195,
PBR28, DPA-713, and ER176—based on recent publications that measured specific-
to-non-displaceable ratios. E/NMMI Res. 2017;7:84.

. Plavén-Sigray P, Matheson GJ, Cselényi Z, Jucaite A, Farde L, Cervenka S. Test—

retest reliability and convergent validity of (R)-[''C] PK11195 outcome measures
without arterial input function. EJNMMI Res. 2018;8:102.

. Zanotti-Fregonara P, Kreisl WC, Innis RB, Lyoo CH. Automatic extraction of a

reference region for the noninvasive quantification of translocator protein in brain
using ''C-PBR28. J Nucl Med. 2019;60:978-984.

. Garcfa-Lorenzo D, Lavisse S, Leroy C, et al. Validation of an automatic reference

region extraction for the quantification of ['*FJDPA-714 in dynamic brain PET
studies. J Cereb Blood Flow Metab. 2018;38:333-346.

. Mikolajezyk K, Szabatin M, Rudnicki P, Grodzki M, Burger C. A JAVA environ-

ment for medical image data analysis: initial application for brain PET quantitation.
Med Inform (Lond). 1998;23:207-214.

Dale AM, Fischl B, Sereno MI. Cortical surface-based analysis: 1. Segmentation
and surface reconstruction. Neuroimage. 1999;9:179-194.

. Logan J, Fowler JS, Volkow ND, Wang G-J, Ding Y-S, Alexoff DL. Distribution

volume ratios without blood sampling from graphical analysis of PET data.
J Cereb Blood Flow Metab. 1996;16:834-840.

Logan J, Fowler JS, Volkow ND, et al. Graphical analysis of reversible radioli-
gand binding from time-activity measurements applied to [N-''C-methyl]-
(—)-cocaine PET studies in human subjects. J Cereb Blood Flow Metab. 1990;
10:740-747.

. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing rater reliability. Psychol

Bull. 1979;86:420-428.
Altman DG, Bland JM. Measurement in medicine: the analysis of method compari-
son studies. J R Stat Soc, Ser. D. 1983;32:307-317.

. Bland JM, Altman DG. Statistical methods for assessing agreement between two

methods of clinical measurement. Int J Nurs Stud. 2010;47:931-936.

Obuchowski NA, Buckler A, Kinahan P, et al. Statistical issues in testing confor-
mance with the quantitative imaging biomarker alliance (QIBA) profile claims.
Acad Radiol. 2016;23:496-506.

. Wimberley C, Buvat I, Boutin H. Imaging translocator protein expression with pos-

itron emission tomography. Eur J Nucl Med Mol Imaging. 2021;49:74-76.

. Turkheimer FE, Rizzo G, Bloomfield PS, et al. The methodology of TSPO imaging

with positron emission tomography. Biochem Soc Trans. 2015;43:586-592.

Hinz R, Boellaard R. Challenges of quantification of TSPO in the human brain.
Clin Transl Imaging. 2015;3:403-416.

Kang Y, Schlyer D, Kaunzner UW, Kuceyeski A, Kothari PJ, Gauthier SA. Com-
parison of two different methods of image analysis for the assessment of microglial
activation in patients with multiple sclerosis using (R)-[N-methyl-carbon-11]
PK11195. PLoS One. 2018;13:¢0201289.

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 66 ¢+ No.5 « May 2025



