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Abstract [ MOREONUINE

Background and Objectives @ Class of Evidence

Translocator protein 18 kDa (TSPO) PET imaging is used to monitor glial activation. Recent Criteria for rating

studies have proposed TSPO PET as a marker of the epileptogenic zone (EZ) in drug-resistant focal
epilepsy (DRFE). This study aims to assess the contributions of TSPO imaging using [**F]DPA-
714 PET and [**F]JFDG PET for localizing the EZ during presurgical assessment of DRFE, when NPub.org/coe
phase 1 presurgical assessment does not provide enough information.

therapeutic and diagnostic
studies

Methods

We compared ["*F]FDG and ['*F]DPA-714 PET images of 23 patients who had undergone a
phase 1 presurgical assessment, using qualitative visual analysis and quantitative analysis, at both the
voxel and the regional levels. PET abnormalities (increase in binding for ["*F]DPA-714 vs decrease
in binding for ["*F]FDG) were compared with clinical hypotheses concerning the localization of the
EZ based on phase 1 presurgical assessment. The additional value of [**F]DPA-714 PET imaging to
[**F]FDG for refining the localization of the EZ was assessed. To strengthen the visual analysis, [**F)
DPA-714 PET imaging was also reviewed by 2 experienced clinicians blind to the EZ location.

Results

The study included 23 patients. Visual analysis of ["*F]DPA-714 PET was significantly more
accurate than ["*F]FDG PET to both, show anomalies (95.7% vs 56.5%, p = 0.022), and provide
additional information to refine the EZ localization (65.2% vs 17.4%, p = 0.019). All 10 patients with
normal ["*F]JFDG PET had anomalies when using ['®F]DPA-714 PET. The additional value of
[**F]DPA-714 PET seemed to be greater in patients with normal brain MRI or with neocortical EZ
(especially if insula is involved). Regional analysis of ['*F]DPA-714 and ['"*F]JFDG PET provided
similar results. However, using voxel-wise analysis, ['°F]DPA-714 was more effective than ['°F]
FDG for unveiling clusters whose localization was more often consistent with the EZ hypothesis
(87.0% vs 39.1%, p = 0.019). Nonrelevant bindings were seen in 14 of 23 patients in visual analysis
and 9 patients of 23 patients in voxel-wise analysis.

Discussion

['*F]DPA-714 PET imaging provides valuable information for presurgical assessments of
patients with DRFE. TSPO PET could become an additional tool to help to the localization of
the EZ, especially in patients with negative ['*F]JFDG PET.

Trial Registration Information
Eudract 2017-003381-27. Inclusion of the first patient: September 24, 2018.

Classification of Evidence

This study provides Class IV evidence on the utility of ['*F]DPA-714 PET compared with
["*F]FDG PET in identifying the epileptic zone in patients undergoing phase 1 presurgical
evaluation for intractable epilepsy.
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Glossay

["*F]DPA-714 = [N,N-diethyl-l—(Z-(4-(2[ISF]-ﬂuoroethoxy)phenyl)5,7dimethylpyrazolo [1,52]pyrimidin-3-yl)acetamide;
["*F]FDG = [ISF]-ﬂuoro-deoxyglucose; AI = asymmetry index; ASM = antiseizure medication; DRFE = drug-resistant focal
epilepsy; DVR = distribution volume ratio; EZ = epileptogenic zone; FWHM = full width at half maximum; HAB = high-affinity
binder; LAB = low-affinity binder; MAB = mild-affinity binder; MNI = Montreal Neurological Institute; MTLE = mesial
temporal lobe epilepsy; ROI = region of interest; SPM = statistical parametric mapping; SUV = standardized uptake value;
SVCA = supervised cluster analysis; TSPO = translocator protein 18 kDa.

Introduction

Surgery is the only curative treatment for one-third of patients
with drug-resistant focal epilepsy (DRFE).' Precise localiza-
tion of the epileptogenic zone (EZ) is crucial for the success of
surgery, but EZ localization remains challenging. Currently,
the phase 1 presurgical assessment of DRFE integrates data
from both interictal and ictal video EEG recordings, mor-
phologic data from MRI, and metabolic data from ['*F]JEDG
PET.”* These investigations are used by epileptologists to
make hypotheses about the EZ localization. In 60% of cases,
phase 1 presurgical assessment provides sufficiently accurate
information to suggest immediate surgery. However, in 40%
of the cases, it does not provide enough information, espe-
cially when MRI or ['*F]JFDG PET is negative or does not
precisely delimit the EZ. ['**F]FDG PET plays a crucial role in
the EZ delimitation, especially in patients with normal MRI,
and thus is a determining factor in the postsurgical
prognosis.** So far, ['*F]JFDG is the only PET radiophar-
maceutical validated as a useful tool in the presurgical as-
sessment of DRFE® with a sensitivity range of 70%-90% in
patients with mesial temporal lobe epilepsy (MTLE).” Con-
sidering all locations and etiologies of DRFE, the localizing
value of ['*F]JFDG PET declines to a range of 40%-60%, with
lower sensitivity when MRI is negative.® This underlines the
clinical interest of finding alternative tracers to improve ac-
curate localization of the EZ.

['®F]DPA-714 has been proposed as a new PET radiotracer
in epilepsy.8 ['®*F]DPA-714 binds to the translocator protein
18 kDa (TSPO), found in activated glial cells and astrocytes
during inflammatory process, as identified in the EZ."'
Several PET studies using specific TSPO-PET radiotracers
have been performed in epilepsy, reporting an increase in
the PET signal homolateral to the EZ in mesial temporal
epilepsy as in other focal epilepsies.'>'® However, its com-
parison with the currently validated ['*F]FDG PET has not
been studied yet.

Several TSPO ligands were developed since 1980. The first
generation of radiotracers ([''C]PK11195) had several limi-
tations: low signal-to-noise ratio due to the important aspe-
cific binding and variable pharmacokinetics.'” These
limitations prompted the development of second-generation
TSPO ligands, representing more than 50 candidates in

Neurology | Volume 101, Number 19 | November 7, 2023

preclinical studies (including ligands used in human studies as
["*F]PBR111, ["'C]PBR28, [''C]DPA-713, ['*F]DPA-714)
with better affinity and signal-to-noise ratio."” However, it
introduced a new challenge as their affinity is influenced by a
polymorphism (rs6971), defining 3 groups of binders (low-
affinity binder [LAB, 9%], high-affinity binder [HAB, 49%],
mixed-affinity binder [MAB, 42%]), depending on the num-
ber of alleles involved.*” Human and experimental studies
have shown that ['*F]DPA-714 has a more specific binding
than its competitors and a better pharmacokinetic brain
availability.'*'** These results are promising for the study of
pathophysiologic mechanisms and therapy of many brain
diseases.

In this study, we aimed to assess whether ['*F]DPA-714 PET
brings additional information compared with those of ['*F]
FDG PET, for the EZ localization, in patients with DRFE for
whom the phase 1 presurgical assessment was not sufficiently
conclusive.

Methods

Population Selection

Patients with DRFE were recruited from the epileptology unit
of a tertiary university hospital. All the included patients un-
derwent a phase 1 presurgical assessment to establish a hy-
pothesis on the EZ localization but with insufficient delineation
for immediate surgery. Genomic DNA from blood samples was
used to genotype the rs6971 polymorphism of the TSPO gene
and to stratify all subjects’ binders status. In addition to
the standard exclusion criteria for PET and MRI, patients
with LAB rs6971 polymorphism were excluded as well as
patients with extensive brain lesions (large post-traumatic
lesions, vascular lesions, tumors). They were all on the
same antiseizure medication for at least 4 months. Both
PET acquisitions were performed without medication
withdrawal.

Standard Protocol Approvals, Registrations,
and Patient Consents

The study (Eudract 2017-003381-27) was approved by the local
ethics committee “CPP Ile-de-France 1”7 (RCB 2017-003381-27).
All the patients signed an informed consent form for the PET
examination and the use of medical data.
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Demographic, Clinical, EEG, and Morphologic
Imaging Data Collection

Demographic and clinical history data were collected by the
physicians specialized in epilepsy surgery. MRI of the brain was
reviewed by a neuroradiologist team. The hypothesis on the EZ
localization was retained after concertation, during the epilepsy
expert team meeting, based on the phase 1 presurgical assess-
ment, including ictal video EEG. The time of last seizure before
each PET was collected.

PET Acquisition, Reconstruction, and

Image Processing

For each patient, the 2 PET acquisitions (['*F]JFDG PET
first) were performed within a period of 1 year. All the ['*F]
FDG PET data were acquired on the same PET/CT system
(Siemens) according to the international clinical reference
standards. All the ["*F]FDG PET data were corrected for
attenuation (CT-based). For the voxel-wise and region-of-
interest analysis, we used a database of 30 ["*F]FDG PET
from healthy volunteers, acquired with the same camera, as
previously reported.** Each ['*F]JFDG PET image was
processed according to standard care to obtain the stan-
dardized uptake value (SUV) parametric maps.

['*F]DPA-714 PET data were acquired using a PET-MRI
system (GE Healthcare) following the previously published
standardized procedure.’” In brief, bolus ['*F]DPA-714
(195.3 £ 19.7 MBq) was IV injected followed by 90-minute
dynamic acquisition. ['"*F]DPA-714 PET was corrected for
attenuation (MR-based zero-echo-time method).>® For the
voxel-wise and region-of-interest analysis, a database of ["*F]
DPA-714 PET images was used, obtained from 11 healthy
volunteers acquired on the same PET-MR system and using
the same protocol as the patients (mean age 41.27 + 13.50
years, 63.64% [7] male and 36.36% [4] female, 54.54% [6]
HAB and 45.46% [S] MAB). Supervised cluster analysis
(SVCA) technique was performed to extract voxels used as a
pseudoreference region.”*>® Thereafter, parametric images of
distribution volume ratio (DVR) values were calculated using
TURKU software on a VOI basis, using the Logan reference
plot throughout the imaging time with pseudoreference tissue
obtained from SVCA, according to a previous study.29 Based
on FreeSurfer MRI anatomical T1 segmentation, a mask ex-
cluding extracerebral tissues was applied. The images were
smoothed with a Gaussian filter (full width at half maximum
[FWHM] = 8 mm).

Visual Analysis

SUV-normalized ['*F]JFDG PET images and parametric ['°F]
DPA-714 DVR images, coregistered on anatomical T1, were
displayed in the patient’s own space, using viewer from Free-
Surfer software (Freeview), with the Jet color scale ([**F]FDG
contrast setting ~1,494—18,342; [ '*F]DPA-714 ~0.67-1.39).
Observers were first trained to read the images of the healthy
control data set. The analysis has been performed blinded
(S.R. and F.L.B.) and unblinded (M.C. and V.B.) of the clinical
data. When the 2 observers” decisions diverged, the case was
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reviewed together to provide a joined analysis. Observers were
first trained to read the images of the healthy control data set.

Region-of-Interest Analysis and

Asymmetry Index

We performed a quantitative analysis comparing PET values
extracted from regions of interest (ROI) of each patient to
those from the database of healthy controls (for demographic
data, see above and below). ['**F]JFDG and ['*F]DPA PET
uptake values were extracted from PET images normalized in
a common standardized stereotactic space, the Montreal
Neurological Institute (MNI) space using SPM12 software
(statistical parametric mapping). A total of 62 ROI were
defined using the Hammers PET atlas™ intersected with gray
matter segmentation to exclude white matter considered
irrelevant for changes in ["*F]EDG or ['*F]DPA-714 uptake
values. [**F]FDG SUV and [**F]DPA-714 DVR values for
each of the 62 ROI were obtained. In controls and for both
PET examinations, we calculated the 95% CI of the SUV or
DVR values for each ROI We considered that the radiotracer
fixation was increased for ['*F]DPA-714 in a ROI if the DVR
value of the patient was above the upper limit of the 95% CI of
controls. In opposite, we considered that the metabolism was
decreased for ['*F]FDG, if the patient’s SUV value was lower
than the lower limit of the 95% CI of controls.

The asymmetry index (AI) of DVR and SUV values between the
right and left cortical gray matter regions (200% x [left — right]/
[left + right]) was also calculated. Als for each ROI were com-
pared with the 95% CI of Als in the corresponding ROIs of
healthy controls.

Voxel-Wise Analysis

A voxel-wise analysis was performed comparing each patient’s
PET to the healthy control database, using SPM12 software.
In addition to the ['"*F]JFDG PET images of the patients, 30
['*F]FDG PET images of controls (mean age 36.65 + 11.78
years) were normalized to MNI space, using the template
included in SPM12 and smoothed with a Gaussian filter
(FWHM = 8). To normalize the ['*F]DPA-714 PET images,
a template from the 11 healthy controls was generated.
Parametric DVR ['*F]DPA-714 images of patients and
healthy controls were normalized in the MNI space using our
template and smoothed with a Gaussian filter (FWHM = 8).
The voxel-wise analysis generates parametric statistical maps,
highlighting significant differences in brain regions for each
patient (2-sample  test). We included age, sex, and, genotype
for ['*F]DPA-714 as covariables in the statistical design ma-
trix. Statistical maps were displayed using a p value between
<0.001 and <0.005 (uncorrected) and a minimal cluster size
(k) = 50 contiguous voxels.

Collected Variables to Assess the Performance
of Both PET Examinations for All 3 Analysis

To assess the performance of the ["*F]DPA-714 and ['®F]
FDG PET examinations using the 3 analysis methods,
we collected the following variables: (1) the sensitivity
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(presence of an anomaly—yes/no; the intensity of anomaly
[visually assessed]—none/mild/intense), (2) its accuracy
to localize the EZ (topography matching the EZ hypothesis
localization—no/partially/totally; topography providing
new information to refine the EZ hypothesis—yes/no),
and (3) we investigate the possibility that anomalies pre-
sent with ['*F]EDG PET were not seen in ['*F]DPA-714
PET and vice versa. We also studied the presence of non-
relevant binding on ['*F]DPA-714 PET images. Each of
these end points was assessed based on the hypothesis on
the EZ localization.

Statistical Analysis

To compare the performance of the 2 examinations on the
specified criteria, we used McNemar tests for the nonordinal
categorical variables and Wilcoxon signed-rank tests for the
ordinal categorical variables. We performed a correction for
multiple testing using the Benjamini-Hochberg method. Sub-
group analysis was performed to determine whether ['°F]
DPA-714 PET performance was superior in some categories of
patients, depending on the seizure frequency, the presence of a
lesion on MR, or the type of epilepsy (temporal mesial or
neocortical). Owing to the exploratory purpose of this analysis
and ROI analysis, no correction for multiple testing was done.
To determine the interobserver agreement in visual analysis, we
calculated Cohen « coefficients for dichotomous variables and
intraclass correlation coefficients (2-way mixed effects model,
type 3) for ordinal categorical variables. All tests were 2-sided,
and statistical significance was defined as p < 0.0S. Statistical
analysis was performed using R 4.1.2.

Data Availability

The data that support the findings of this study are available
on request from the corresponding author. The data are not
publicly available due to privacy or ethical restrictions. Our
database is currently being converted to BIDS.

Results

Study Population

Among the 29 patients retained to participate in the study, 6
were excluded: 3 were LAB, 1 declined to participate before
the ['*F]DPA-714 PET, 1 had a large intracerebral hemor-
rhage discovered during the ['®F]DPA-714 PET, and for 1
patient, an error occurred during the ['*F]DPA-714 PET
image processing. Twenty-three patients were selected for
PET data analysis. The median age at the time of the ['°F]
DPA-714 PET was 31 years [Q1; Q3: 20; 35]. Twelve (52.2%)
patients were male. Regarding the rs6971 polymorphism, 13
(56.5%) were HAB and 10 (43.5%) were MAB. The median
age at the onset of epilepsy was 15 years [11; 20.5], and the
median disease duration was 12 years [5; 19]. The median time
from last seizure for each of the PET examinations was 4 days
[1; 5.75]. None reported a seizure during PET acquisition.
Regarding seizure frequency, S (21.7%) patients had daily
seizures, S (21.7%) weekly seizures, and 13 (56.5%) monthly
seizures. Based on clinical, EEG, and MRI data, 5 (21.7%)
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patients had MTLE and 18 (78.3%) had neocortical epilepsy.
MRI of the brain was normal for 15 (65.2%) patients (for all the
patients with MTLE and 10 (55.6%) patients with neocortical
epilepsy). Table 1 presents the detailed characteristics of each
patient.

Visual Analysis

In ["®F]DPA-714, the anomalies identified are the areas of
increase of tracer fixation, whereas in [ "*F]EDG, it is the area
of decrease of tracer fixation. The agreement between the 2
observers varied from perfect to substantial agreement
(eTable 1, links.lww.com/WNL/D114), and no difference
was found between the observers who were blinded and un-
blinded to clinical data. Using ['*F]DPA-714 PET, anomalies
detection was improved compared with the use of ["*F]FDG
PET (95.7% vs 56.5%, p = 0.022, Table 2) and was more likely
to provide new information to refine the EZ localization
(65.2% vs 17.4%, p = 0.019). We were unable to identify any
statistical differences in consistency with the hypothesis on the
EZ. For 21 (91.3%) patients, ['°F]DPA-714 PET revealed
anomalies that were not detected by ['"*F]JFDG PET. All pa-
tients with ['*F]JFDG PET hypometabolism (n = 13) also
displayed ['*F]DPA-714 PET anomalies, but for 4 of them, it
was less extensive with ['*F]DPA-714 PET. Over the 10 pa-
tients with normal ["*F]FDG PET, all had anomalies on [**F]
DPA-714 PET images. As shown in Figure 1, ['*F]DPA-714
PET helps to detect anomalies that were subtle or not seen on
['*F]EDG PET. However, nonrelevant bindings were found in
14 patients (60.9%).

Data from the subgroup analysis are available in eTables 2-4
(links.lww.com/WNL/D114). Subgroup analysis suggests
that the additional value of ['*F]DPA-714 PET compared
with ["®F]FDG PET seems to be greater in patients with
normal brain MRI or with neocortical EZ than in patients with
abnormal MRI or mesial temporal EZ. We did not find a
conclusive difference in the additional value of ['*F]DPA-
714 PET compared with ['*F]FDG PET between patients
according to seizure frequency. As shown in Figure 2, data
suggest that the intensity of ['*F]DPA-714 PET tracer
uptake is greater for patients with higher seizure frequency
(p = 0.049, uncorrected). We did not find any effect of the
delay between the ['®F]DPA-714 PET and the last seizure
on the intensity of the anomalies. We did not find any re-
lationship between the intensity of the anomalies and the age
of onset, the duration of the epilepsy, or the presence of
frequent focal-to-bilateral seizures.

Region-of-Interest Analysis and Als

The ROI analysis was more often contributive (ROI value
above the limits of the 95% CI of the controls) for ['**F]DPA-
714 PET (17 or 73.9%) than for ['*F]FDG PET (6 or 26.1%)
(p = 0.00S, uncorrected). For S patients, ROI analysis was not
contributive. Among the 6 patients with contributive [*F]
FDG analysis, S patients had abnormal values in ROIs con-
sistent with the hypothesis on the location of the EZ. In 2
cases, abnormal values were located in other unrelated ROIs.
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Table 1 Characteristics of the Patients Included in the Analysis (continued)
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Last
seizure Result of
Age at Disease Scalp EEG Phase 1 before ['®F] Age blinded ['®F]
epilepsy duration Seizures interictal Langage MRI in the ['®FIFDG-PET hypothesis DPA-714 at ['*FIDPA-714  DPA-714 PET Type of SEEG  Result of SEEG
Patient Gender onset(y) (y) frequency spikes Ictal video EEG location  suspected EZ (hypometabolism) on the EZ PET PET (y) lysi: impl ion recording Surgery
15 M 49 4 Monthly  LeftT Left T basal Bilat N Left T mesial and Left T 6d 53 Left BiTand leftl 2 foci(1)leftT Left T cortectomy to
anterior neocortical orbitofrontal, | and F neocortical (2) | reduce type 1 seizure
and T frequency
16 M 1 7 Monthly  LeftT Left T basal and post land P Left Gyri abnormalities N Left TPI 4d 18 Left parieto- Bi T 1 focus left TP Rejected: improved
anterior, T maximal in leftPand T opercula region (close to by
basal or bi F basal lobes langage area) thermocoagulation;
functional risk
(langage)
17 M 16 19 Monthly ~ RightTand P No focal start: right Left N N Right P 1d 35 Bi | right > left Right T, | 1 focus postandinf Improved by
posterior perisylvian | thermocoag: if
worsening
18 F 13 6 Monthly ~ No Right T neocortical Right N Slight right T pole Right T 1d 29 Right Tand HC ~ RightT, | No seizure Rejected: no more
recorded but seizures
hematoma on the
suspected EZ
19 M 1 20 Weekly Bi Fand bi C  Rightinsula and opercule Left N N Right | 12h 31 Right F, I and Right F- 1 focus right F- To be done
perisylvian post  orbitaire, I, basal and | anterior
and left | and amygdala and
opercular left |
20 F 27 2 Weekly Left T Left T ant and basal Left N Left T pole Left T 4d 29 Right | and Rejected: no
opercular more seizures
21 F 9 8 Daily Bi C left > Bi central right > left Left N N Right F 12h 17 Focal R Right F and 1 fucus right F on Functional risk
right precentral perirolandic F2 (on motor area)
22 F 18 4 Daily Bi C Bi central right > left Left N N Right F 1d 21 extent bicentral  Right No focal onset Rejected: no focal
perirolandic and functional risk
23 F 13 10 Daily Bi C Bi central left > right Left N Left T pole Left C 6h 16 Left C No: functional  No: functional risk  No: functional risk
risk
Abbreviations: B = basal; C = central; DNET = dysembryoplastic neuroepithelial tumor; EZ = epileptogenic zone; F = female; F = frontal; HC = hippocampus; HS = hippocampal sclerosis; | = insula(r); M = male; N = normal;

O = occipital; P = parietal; T = temporal.
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Table 2 Comparison of the Visual Analysis of ['®FIFDG and ['®F]DPA-714 PET of the 23 Patients

['®FIFDG PET  ['®FIDPA-714 PET Corrected
(n=23) (n=23) pValue* pvalue®
Sensitivity
Presence of an anomaly (yes) 13 (56.5) 22 (95.7) 0.016°¢ 0.022°¢
Intensity of anomaly 0.016° 0.022°
None 10 (43.5) 1(4.3)
Mild 6(30.4) 8(34.8)
Intense 7(26.1) 14 (60.9)
Accuracy
Anomaly localization matching the hypothesis on the EZ 0.177 0.177
No 11 (47.8) 4(17.4)
Partially 5(21.7) 4(17.4)
Totally 7(30.4) 15 (65.2)
Anomaly localization providing new information to refine the EZ hypothesis (yes) 4 (17.4) 15(65.2) 0.005°¢ 0.019¢
['®FIFDG PET anomaly not detected on ['®FIDPA-714 PET (yes) 4(17.4)
['®FIDPA-714 PET anomaly not detected on ['®FIFDG PET (yes) 21(91.3)
Nonrelevant binding on ['®F]DPA-714 PET
Hindering interpretation 4(17.4)
Not interfering with interpretation 10 (43.5)

Abbreviations: DPA = [N,N—diethyl—2—(2—(4—(2[18F]—ﬂuoroethoxy)phenyl)5,7dimethylpyrazolo [1,5alpyrimidin-3-yl)acétamide; EZ = epileptogenic zone;

FDG = fluoro-deoxyglucose.
Data are given as count (percentages) for categorical variables.

#Mc-Nemar test was used to compare groups for nonordinal categorical variables and Wilcoxon signed-rank tests for the ordinal categorical variables.

b p values corrected for multiple testing using Benjamini-Hochberg method.

< Statistically significant.

In the 17 patients with contributive ['*F]DPA-714 analysis,
1S patients had abnormal values in ROIs consistent with the
hypothesis on the EZ localization, and in 9 cases, abnormal
values were located in other unrelated ROIs. In the 17 patients
with noncontributive ["*F]JFDG ROI analysis, 12 had a con-
tributive ['*F]DPA-714 PET analysis, 11 of which in ROIs
consistent with the suspected EZ.

No statistical difference was found between the 2 PET images
concerning the lateralizing values of Al: the Al showed PET
anomaly ipsilateral to the suspected EZ for 14 (60.9%) pa-
tients with ['*F]FDG and for 16 patients (69.6%) with ['*F]
DPA-714, contralateral to the EZ for 4 (17.4%) patients with
["*F]FDG and for 1 patient (4.3%) with ['*F]DPA-714, and
was not contributive (Al value included in the 95% CI of
control’s Al) for S (21.7%) patients with ["®F]FDG and for 6
(26.1%) patients with ['*F]DPA-714.

Voxel-Wise Analysis

As presented in Table 3 and Figure 1, the voxel-wise
analysis of ['*F]DPA-714 PET was more likely than ['®F]
FDG PET to find significant clusters (93.3% vs 52.2%,

Neurology.org/N

p =0.022) and was also more likely to show clusters whose
localization was consistent with the EZ hypothesis (87.0%
vs 39.1%, p = 0.019). The clusters with decreased ['*F]
DPA-714 uptake did not correspond to any particular
anatomical distribution or possible pathways of seizure
propagation.

This study provides Class IV evidence on the utility of ['*F]
DPA-714 PET compared with ['*F]DPA-714 PET in iden-
tifying the epileptic zone in patients undergoing phase 1
presurgical evaluation for intractable epilepsy.

Discussion

In this original study, we compared the performance of [*°F]
DPA-714 PET with ['"*F]FDG PET in clinical use conditions.
We focused on a population of patients with complex DRFE, in
whom the first-line presurgical assessment did not enable a
straightforward surgical resection.”' We were able to show that
['®F]DPA-714 is useful in these patients, especially when the
["®F]EDG PET is not contributive: ['*F]DPA-714 PET shows
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Figure 1 Additional Value of ['8F]DPA-714 PET to Help Localize the EZ
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Images shown in anatomical orientation and brain masked, voxel-wise analysis displayed with a p < 0.005, k = 50, uncorrected (brain only), in SPM12, overlaid
on a standard MRI section illustrating the decrease of ['®FIFDG uptake and increase of ['®FIDPA-714in patient compared with control database. Panel A: The
patient with a bitemporal suspected EZ. Visual analysis of ['®FJFDG PET shows a bitemporal hypometabolism; the left predominance is not clear. Visual
analysis of ['8F]DPA-714 PET shows a bitemporal increase of the tracer uptake with a strong left predominance. Voxel-wise analysis of the patient's ['®FIFDG
PET compared with controls’ PET does not identify a statistically significant cluster, whereas ['®F]DPA-714 PET voxel-wise analysis identifies a large cluster
located in the left temporal gray matter and a smaller one in the right hippocampus. Panel B: The patient with a right pericentral suspected EZ. ['®FIDPA-714
PET shows a strong and easily noticeable focal uptake increase within the right precentral area. On retrospective analysis of ['®FIFDG PET, a sulcal hypo-
metabolism can be seen within the region pointed by ['®F]DPA-714 PET. Voxel-wise analysis of the patient's ['®F]FDG and ['®F]DPA-714 PET comé)ared with
controls’ PET identify a statistically significant cluster within the right precentral area. Panel C: The patient with a left insulo-parietal suspected EZ. ['*FIFDG PET
was initially interpreted as normal. On closer inspection, a slight hypometabolism can be seen within the lesion pointed by ['®FIDPA-714 PET. ['®FIDPA-714
PET shows an increase in tracer uptake within the left anterior and posterior insula. Voxel-wise analysis of the patient’s ['®F]FDG PET compared with controls’
PET does not identify a statistically significant cluster, whereas ['®FIDPA-714 PET voxel-wise analysis identifies a cluster located in the anterior insular gray
matter. These images also illustrate the presence of nonrelevant fixation in ['®F]DPA-714 PET imaging. Panel D: The patient with a left temporal suspected EZ.
Visual analysis of ["®FIFDG PET shows a bihippocampal hypometabolism, with a left predominance. Visual analysis of ['®FIDPA-714 PET shows an increase of
the tracer uptake in both hippocampus with a left predominance and in the left collateral sulcus. Voxel-wise analysis of the patient’s ['®FIFDG PET compared
with controls’ PET identifies small cluster in the white matter, whereas ['8F]DPA-714 PET voxel-wise analysis identifies a large cluster located in the left
collateral sulcus. ["®F]DPA-714 = [N,N-diethyl-2-(2-(4-(2["®F]-fluoroethoxy)phenyl)5,7dimethylpyrazolo [1,5a]pyrimidin-3-yl)acetamide; ['8FIFDG = ["®F]-fluoro-
deoxyglucose; EZ = epileptogenic zone; SPM = statistical parametric mapping.

significantly more anomalies, which are consistent with the
electroclinical hypothesis, and provides more new information,
which allows to refine the possible localization of the EZ. Subtle
anomalies are better highlighted by [**F]DPA-714 PET com-
pared with ["SF]FDG PET, as previously suggested by Butler
et al'* ["®F]DPA-714 PET seems to be even more helpful in
patients with more complex presurgical assessment, that is,
those with negative brain MRI or neocortical localizations.

To date, very few studies on TSPO PET imaging in epilepsy
used it as a clinical tool.'*'*'*1¢!8 The pioneer work done
by the Bethesda team demonstrated that the uptake of
"'C-PBR28, another TSPO radioligand, was increased in the
hippocampus ipsilateral to the EZ in MTLE.">" In this specific
situation, the sensitivity of [**F]FDG PET is very good, with
limited need for alternative diagnostic tools.’ Subsequent
studies focused on patients with neocortical epilepsy, in whom
['"®*F]JFDG PET is less efficient,’ demonstrating that TSPO

Neurology | Volume 101, Number 19 | November 7, 2023

PET imaging could also be a marker of the EZ in these patients,
even in the absence of lesions on brain MRL'”"'® This study,
which included a high proportion of patients with normal
MRI (65.2% vs 33%-45% in the other studies), supports
these data as TSPO imaging was capable of detecting an
anomaly in 100% of patients with normal MRI (55.5% in
the study by Kagitani-Shimono et al. and 20% in the study
by Dickstein et al.)."”'® When ['*F]JFDG PET showed
anomalies, the TSPO PET was also consistently positive in
helping to lateralize the EZ or highlighting an anomaly in the
insular or cingulate cortex.'”'® In this study, when ['*F]JFDG
PET failed to detect the EZ, TSPO PET was found to be very
effective in detecting an anomaly (100% in visual analysis,
70.8% in ROI analysis) (similar results found by Dickstein
et al'’). Similarly, the strong correspondence between TSPO
PET anomalies and the hypothesis on the EZ is similar in this
study and in the cohort of Kagitani-Shimono et al. (82.6% vs
81.5%).'®

Neurology.org/N
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Figure 2 ['8F]DPA-714 Uptake Increase, Scored in Qualitative Visual Analysis, Seems to Be Greater With Increased Seizure
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['®FIDPA-714 = [N,N-diethyl-2-(2-(4-(2
['8F]-fluoroethoxy)phenyl)s,7dime-
thylpyrazolo [1,5a]pyrimidin-3-yllacetamide.

Daily

This work provides interesting results for patients with seizure
semiology suggesting an insular involvement,>> for whom
imaging and electrophysiology are often inconclusive.” [*°F]
DPA-714 PET seems to be more effective than ['*F]FDG
PET in revealing abnormal tracer fixation in the insula of these
patients, as previously suggested by the results from Kagitani-
Shimono et al.

We did not find association between the delay since the last
seizure and the ['*F]DPA-714 PET uptake, unlike the results
from Butler et al.'* One possible explanation is that none of
the patients underwent PET acquisition after a prolonged
seizure-free period, and the differences between the patients
on this parameter were too small to highlight any difference
(first quartile: 1 day; third quartile: 5.75 days). On the con-
trary, this study reinforces the preclinical findings in rodents,
which suggested a higher fixation of TSPO tracer in individ-
uals with more frequent seizures.**

The study population is highly selected, including patients
without major cerebral lesions that would make automatic
segmentation difficult. This reduces the scope of these results,
excluding patients with large lesions (e.g, polymicrogyria,
tuberous sclerosis, previously operated patients). The acqui-
sition and postprocessing of ['*F]DPA-714 PET images used
in this study are not adapted to an easy use in clinical settings.
First, the use of the Logan reference plot technique requires
dynamic image acquisition over 90 minutes, and second, the
algorithm required for the SVCA normalization method is
difficult to implement. We decided to use these techniques
because the use of an arterial input function was not applicable
in clinical settings.26’27’35 Under these conditions, the com-
bination of the Logan plot technique and the SVCA method,
previously demonstrated to give equivalent results to an ar-
terial input function,”®*® was the most appropriate analytic
method.

Neurology.org/N

The use of a PET/MR system for ['*F]DPA-714 PET
(whereas ["®*F]FDG PET was acquired on a PET/CT) is also
a limitation, as different attenuation correction method may
introduce a bias in the semiquantitative values. However, we
focused on the differences between the signal of healthy and
pathologic regions of an individual (not the raw values) so
that if such a bias exists, it will not affect the results.

Another weakness of TSPO PET imaging is the areas of in-
creased tracer uptake, referred to as nonrelevant when the in-
terpretation is guided by clinical data. It can be found, in healthy
controls and patients, in the brainstem and thalamus." This
prompted the use of a mask excluding the brainstem and the
extracerebral tissues in this study. As previously reported, non-
relevant increase in tracer uptake can be located in choroid
plexus affecting the temporal lobe signal.m’lz”37 However, these
nonrelevant binding may also differ between individuals, affect-
ing cortical gray matter.'” We found these nonrelevant binding
in 14 of 23 patients (60.8%) in visual analysis, including 4 cases
(17.4%) where they interfered with the interpretation of the
images, and in 9 patients of 23 in voxel-wise analysis (compared
with 2 patients for the ["*F]FDG PET). The higher number of
controls in future studies could limit this bias in quantitative
analyses. This highlights the importance of image analysis being
guided by electroclinical data, as recommended by the ILAE.>**

Although the subjectivity of the qualitative visual approach can
be criticized, it seemed to be the most sensitive method in this
study. The very good interobserver agreement demonstrated
the minimal impact of this bias. If quantitative voxel-wise or
ROI analysis may seem attractive, these results show that their
findings did not significantly help to localize the EZ, either with
["*F]EDG or ['*F]DPA-714 PET. The ROI approach is often
used in PET imaging. In epilepsy imaging, it seems less relevant
because PET anomalies may overlap several ROIs or may be
very limited in size (in such situations, the mean value of the
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Table 3 Comparison of the Voxel-Wise Analysis of ['®F]FDG and ['®F]DPA-714 PET of the 23 Patients

['®FIFDG PET (n = 23) ['®FIDPA-714 PET (n=23) p Value® Corrected p value®

Sensitivity
Presence of a significant cluster (yes) 12(52.2) 21(91.3) 0.0158° 0.022°
Principal cluster extend®* (voxel) 147.0 [88.5; 478.5] 199.0 [125.0; 586.0] 0.577
Principal cluster p value®*® 0.014 [0.000; 0.098]  0.000 [0.000; 0.000] 0.014¢

Accuracy
Cluster® localization matching the EZ hypothesis (yes) 9(39.1) 20 (87.0) 0.005¢ 0.019¢
Cluster® localization providing new information on the EZ (yes) 4 (17.4) 11 (47.8) 0.070 0.082
['8FIFDG PET cluster not detected on ['®FIDPA-714 PET (yes) 5(21.7)
["®FIDPA-714 PET cluster not detected on ['®F]FDG PET (yes) 17 (73.9)

Abbreviations: DPA = [N,N-diethyl—2—(2—(4—(2[18F]—ﬂuoroethoxy)phenyl)5,7dimethylpyrazolo [1,5a]pyrimidin-3-yl)acétamide; EZ = epileptogenic zone; FDG =

fluoro-deoxyglucose; SEEG = stereo-EEG.

Data are given as count (percentages) for categorical variables and as median [Q1; Q3] for numerical variables.

2 McNemar test was used to compare groups for categorical variables.

® p Values corrected for multiple testing using Benjamini-Hochberg method.

¢ Statistically significant.
d Cluster that was the larger and with the smallest p value was selected.

¢ p values were not included in the correction for multiple testing due to the exploratory purpose.

ROl is not affected). The Al was widely used in previous work
on TSPO imaging.n’”’18 However, in the case of bilateral
anomaly without side predominance, the Al is normal which
may be misleading (leading to conclude either to a bilateral
epileptogenicity or an absence of fixation in these regions).
Moreover ROI analysis is constraint by anatomical features
(surface uptake and delineation). Alternatively, voxel-wise
analysis does not rely on any kind of anatomical constraint, but
it suffered from a lack of power due to the individual vs
group analysis design required in epilepsy (as each patient
is unique). In addition, we had a small number of controls
(n = 11) in ['"*F]DPA-714 which may have limited the
sensitivity of this analysis. Figure 1 illustrates the rare cases
where the voxel-wise analysis was efficient.

Both of these semiquantitative approaches are limited by
unresolved issues in ['*F]DPA-714 PET quantification.*'***
Beyond the issue of the influence of rs6971 polymorphism,
other considerations make the use of TSPO ligands complex.
Because of the constitutive expression of TSPO in vascular
endothelial cells and the ubiquitous distribution of vessels in
the brain, it is impossible to define a reference region that is
completely free of tracer binding.” This may lead to a decrease
in TSPO imaging sensitivity. The question of the most ap-
propriate “pseudoreference” region for TSPO PET kinetic
modeling is still a matter of discussion in the literature.'353°

This study provides preliminary evidence that ['*F]DPA-714 PET
imaging could provide valuable additional value to the presurgical
assessment of patients with drug-resistant focal epilepsy and could
become an additional tool to help to the localization of the EZ,
especially in patients with negative ["*F]JFDG PET, normal MR],
or neocortical epilepsy, especially insular epilepsy. However, these
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are only exploratory results that will require further evaluation.
['*F]DPA-714 PET seems to be more sensitive than [*°*F]FDG
PET, more often consistent with electrophysiologic and seizure
semiology data, and to provide additional information on the
cortical areas involved in the EZ. ['*F]DPA-714 PET could
overcome the limitations of ['*F]FDG imaging and thereby add
accuracy to the phase 1 presurgical assessment or even prevent
invasive intracerebral exploration in borderline cases. Further
comparison of ['*F]DPA-714 PET with the “gold standard” for
the localization of the EZ, that is., intracerebral EEG recording and
postoperative outcomes, could enable a better understanding of the
accuracy of ["®F]DPA-714 PET for the EZ localization.
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