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Background: Dopamine transporter (DAT) PET provides higher resolution than DAT SPECT and opportunity for
integrated imaging with MRI. The radioligand ['®F]FE-PE2I is highly selective for the DAT, and PET measure-
ments with this radioligand have good reliability and repeatability in patients with non-advanced Parkinson’s
disease.

Objectives: To validate ['®F]FE-PE2I PET as measurement tool of longitudinal DAT changes in patients with
Parkinson’s disease.

Methods: Thirty-seven subjects with Parkinson’s disease (Hoehn and Yahr stage < 3) were included in a longi-
tudinal PET study with ['8F]FE-PE2L. DAT availability (BPpp) in the caudate nucleus, putamen, sensorimotor
striatum, and substantia nigra, was estimated with parametric imaging using Logan graphical analysis and
cerebellum as reference region. For comparison with DAT-SPECT literature, sample size calculations for disease
intervention studies were made.

Results: Baseline and follow-up PET data (interval: 2.3 + 0.5 years) were available for 25 patients (9 females, 16
males). Median age was 64.7 years (range 46-76); symptom duration: 3 years (0.25-14); Hoehn and Yahr stage
(H&Y): 1 (1-2). Annualized DAT decline and effect size were: —8.5 + 6.6 % and 1.08 for caudate nucleus; —7.1
+ 6.1 % and 1.02 for putamen; —8.3 & 8.5 % and 0.99 for sensorimotor striatum; —0.11 + 9.3 % and 0.11 for
substantia nigra. The estimated minimum sample size needed for a treatment trial using [‘®F]FE-PE2I PET as
imaging marker is 2-3 times lower than is reported in literature on [123[]FP-CIT SPECT.

Conclusions: Longitudinal [18F]FE—PE2I PET measurements in non-advanced PD demonstrate a striatal DAT
decline consistent with previous SPECT and PET studies. No obvious changes of DAT availability were observed
in the substantia nigra, indicating perhaps slower progression or compensatory changes. The effect sizes were
numerically larger than reported in the literature for other DAT radioligands, suggesting that [‘®F]FE-PE2I might
detect smaller DAT changes, and can be well used as progression marker in clinical trials.

1. Introduction

For decades, molecular imaging of the dopaminergic system in Par-
kinson’s disease (PD) has been used in studies to evaluate the degree of
the dopaminergic deficit associated with disease stage, severity, and
progression, and as imaging marker in clinical trials. The majority of
studies have used the radioligands 12311 B-CIT and ['231]FP-CIT with
single photon emission computed tomography (SPECT) (Kaasinen &
Vahlberg, 2017), showing good discriminatory power for distinguishing
PD from healthy controls (HC), and estimating yearly decline of 6-11 %

(Ikeda, Ebina, Kawabe, & Iwasaki, 2019; Kaasinen & Vahlberg, 2017; Li
et al., 2018).

In recent years, positron emission tomography (PET) imaging of the
dopaminergic system has become more available in the clinical setting
due to the wider availability of hybrid PET systems and more established
radiochemistry production in research and hospital facilities (Kerstens &
Varrone, 2020). The PET radioligand [*8F]FE-PE2I was developed at
Karolinska Institutet more than a decade ago (Schou, Steiger, Varrone,
Guilloteau, & Halldin, 2009) and has been extensively validated in
preclinical and clinical studies in healthy controls and patients with
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Parkinson’s disease (Fazio et al., 2018, 2015; Lizana et al., 2018; Sasaki
et al., 2012; Schou et al., 2009; Suzuki et al., 2014; Varrone et al., 2011).
In non-human primates, the comparison between ['8F]FE-PE2I and the
similar PET radioligand [HC]PEZI (Varrone et al., 2011) showed that
[*8F]FE-PE2I had more favourable pharmacokinetic properties and in
vivo metabolism. This property was also confirmed in a subsequent
healthy human PET study (Fazio et al., 2015). Test-retest studies in
healthy controls (Suzuki et al., 2014) and non-advanced PD patients
(Kerstens et al., 2020) have shown good reliability and repeatability of
['8F]FE-PE2I PET measurements also in small or lower DAT density
regions such as the substantia nigra. Recently, [1SF]FE-PE2I has also
been included in the EANM guideline and SNMMI procedure standard
for clinical DAT imaging in Parkinsonian syndromes (Morbelli et al.,
2020)).

The preliminary evaluation of an initial cohort of PD patients (n =
12) examined longitudinally with [18F] FE-PE2I PET has already been
reported (Brumberg et al., 2021). However, a comprehensive evaluation
of the performance of [*®F]FE-PE2I PET in measuring longitudinal DAT
changes in a better-powered sample size, in sub-regions (including more
versus less affected side) of the nigrostriatal system has not been re-
ported yet. Based on a test-retest variability of [‘®F]FE-PE2I PET mea-
surements up to 10 %, the scan interval of two years was considered to
be adequate to measure DAT changes in subjects with non-advanced PD.
The study was set up for a sample size of 40 subjects, assuming a drop-
out rate of 25 %, based on power calculations using previous findings on
DAT.

The aim of this study was to further validate the use of [‘8F]FE-PE2I
PET in non-advanced Parkinson patients. The study was therefore set up:
1) to compare the estimates of DAT decline in PD measured with [*8F]
FE-PE2I with those previously reported using SPECT and PET radio-
ligands; 2) to calculate the intraindividual effect size of longitudinal
DAT changes measured with [®F]FE-PE2I for comparable purposes to
the literature; 3) to explore whether DAT changes in patients showing
clinical disease progression were larger compared to patients with stable
disease; 4) to estimate the minimum sample size needed for clinical
trials with disease-modifying interventions using [*®F]FE-PE2I PET as
imaging marker.

2. Methods
2.1. Ethics

Two studies were combined to enhance sample size and were both
approved by the Swedish Ethical Review Authority, the Radiation Safety
Committee of the Karolinska University Hospital, and the Swedish Me-
dicinal Product Agency (EudraCT 2011-0020050-30, EudraCT
2017-003327-29 and 2017-001585-19). Patients provided written
informed consent for study participation after detailed explanation from
the investigator.

2.2. Study population

The study population consists of two consecutive cohorts of patients
with non-advanced Parkinson’s disease (modified Hoehn and Yahr
[H&Y] < 3; Mini Mental Status Exam [MMSE] > 27; age 45-80) that
were recruited in separate studies (same principal investigator) and
consented to the longitudinal study design with an examination at
baseline and after 24 months. Supplementary Table S1 summarizes the
relevant exclusion criteria and rules of conduct to minimize possible
confounding factors for DAT measurement. At the time of screening,
relevant comorbidities were ruled out through physical examination,
basic blood tests, urine drug test, electrocardiography, and structured
interview including screening scales for cognitive decline, alcohol
dependence, and psychiatric diagnoses.

The first cohort consists of twenty PD patients of which the baseline
DAT PET data have already been reported (Fazio et al., 2018). The
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second cohort consists of twenty PD patients of which the baseline PET
of some were part of the previously reported test-retest study (Kerstens
et al., 2020).

The relevant differences between the study protocols of the two co-
horts consist of 1) the assessment of clinical status in relation to drug
treatment (‘ON’ vs ‘OFF’, see section 2.3.1), and 2) blood samples
collected for GBA gene mutation analysis (L444P, N370S, E326K),
which was only done in the second cohort.

2.3. Data collection

2.3.1. Assessment of disease severity and stage

The PD subjects recruited in the first cohort had Unified Parkinson
Disease Rating Scale part III (UPDRS-III original version) and H&Y
scores assessed during clinical visit while still on their medication
(‘ON’). These scores were only available for baseline PET. The PD sub-
jects recruited in the second cohort had motor symptom severity
assessed with the updated Movement Disorder Society Unified Parkin-
son Disease Rating Scale part III (MDS-UPDRS-III) and H&Y stage in
practically defined ‘OFF’ state (>12 h off levodopa medication, and >
24 h off dopamine agonists and MAO-B inhibitors), on the day of the PET
measurements. For this cohort, these scores were also assessed on the
day of the second PET measurement. All other clinical outcome scales
used were the same for all subjects. Symptom duration was approxi-
mated from the reported onset of motor symptoms.

2.3.2. MRI acquisition

Both T1- and T2-weighted images were acquired with a 3 Tesla MRI
system (General Electric, Discovery MR750). The T2-weighted images
were used to exclude clinically significant pathology; the T1-weighted
images were used for co-registration with the PET images and delinea-
tion of the regions of interest (ROI). The T1 sequence had 176 slices of 1
mm thickness, field of view 256 x 256 mm, resolution 1 x 1 x 1 mm,
inversion time 450 ms, echo time 3.18 ms, and repetition time 8.16 ms.
The same MRI protocol was used for both cohorts.

2.3.3. PET acquisition

The radioligand ['®F]FE-PE2I was prepared in-house as previously
described (Stepanov et al., 2012). List-mode data were acquired for 93
min following a 6-minute transmission scan with a Caesium-137 source
for attenuation correction, as previously described (Fazio et al., 2018,
2015; Kerstens et al., 2020). PET measurements were performed around
the same time of day, and in all PD subjects in practically defined ‘OFF’
state (>12 h off levodopa medication, and > 24 h off dopamine agonists
and MAO-B inhibitors).

PET data were reconstructed into 37 frames (8 x 10, 5 x 20, 4 x 30,
4 x 60, 4 x 180, 12 x 360 s) using 3D OP OSEM with 10 iterations and
16 subsets, including modeling of the PSF (Varrone et al., 2009). For
both cohorts, data acquisition, and reconstruction were the same.

2.4. Image analysis

In all subjects, PET image analysis was performed as previously re-
ported (Kerstens et al., 2020). In brief, frame-to-frame re-alignment and
motion correction was performed using the first two minutes as refer-
ence frame for realignment. Motion correction was applied in cases in
which a translation of>3 mm was observed in the Z-axis by visual in-
spection of the realignment plots. Freesurfer was used to automatically
delineate striatum, caudate nucleus, putamen, and accumbens area
(referred to as ventral striatum in this paper) of both hemispheres. An
FSL template was used for automatic delineation of the sensorimotor
striatum (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases/striatumconn).
An in-house developed template was used to automatically delineate the
substantia nigra (Fazio et al., 2018). The outcome measure was the
binding potential (BPyp), estimated using wavelet-aided parametric
imaging (WAPI) (Cselényi, Olsson, Halldin, Gulyas, & Farde, 2006),
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with t* = 27 min and using cerebellum as reference region. The more
and less affected hemispheres were assigned based on the asymmetry in
the putamen BPyp and cross-checked with the asymmetry of the MDS-
UPDRS-III score. On a second level, these asymmetry indices were
compared with the upper limit of mean 95 % confidence interval of a
group of 37 age- and sex-matched healthy control subjects (“HC group
95 % CI”) recruited in parallel to the PD cohorts for a separate study (not
yet published). Additional reporting was done on only the individual
ROIs where asymmetry was above the HC group 95 % CI, to account for
non-disease-related measurement variability.

2.5. Data analysis

The data analysis plan was pre-registered at https://aspredicted.org/
n3h68.pdf after start of data collection but prior to the start of data
analysis.

2.5.1. Statistical analysis

R version 3.6.2 was used for statistical analysis. Shapiro Wilk test
was used to assess the normality of distribution; Levene’s test for dif-
ference in variance between baseline and follow-up variables; and
Grubb’s test for statistical outliers. Measured percent BPyp change was
recalculated per subject to annual percent change, by dividing by the
subject’s scan interval (yr) using the formula:

[(Follow — up BPynp(ROI))—(baseline BPnd(ROI))] / Baseline
BPxp(ROD) * 100/ timediff(yr).

Cohen’s dz (Lakens, 2013) was used to assess intraindividual effect
size from baseline to follow-up regional BPyp, using the formula: t-value/
sqrt(n). Power was calculated using a significance level of 0.025, one-
sample, one-sided t-test.

Cohen’s ds for interindividual comparisons (Lakens, 2013) was used
for the sample size calculations for a clinical trial with a 30 % or 50 %
expected treatment effect, using the formula:

(mean expected BPyp decline in placebo group)-(mean expected
BPyp decline in treatment group) / pooled SD,

assuming the same SD for the treatment group as for the placebo
group.

A priori hypotheses have a p-value threshold of < 0.05 for statistical
significance; other comparisons have the threshold adjusted for multiple
comparisons with Meff-correction (Derringer, 2018; Li & Ji, 2005) to
take into account the high correlation of the ROIs and thus avoid a too
conservative correction as would be with the Benjamini Hochberg
correction.

2.6. Data sharing

Data is available upon reasonable request.
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3. Results

From the original cohorts of patients recruited in the longitudinal
studies (n = 40), 9 were excluded and 6 patients were lost at follow-up
(see Supplementary Text for details). Only one subject had GBA mu-
tation (heterozygote for E326K). The average scan interval was 2.29 +
0.47 years [interval 1.99-3.78]. The study population is described in
Table 1.

3.1. Longitudinal DAT decline and intraindividual effect sizes

The average annual percent decline was estimated to be 5-8.5 % for
the striatal regions of interest; the substantia nigra showed no significant
decline. The related striatal effect sizes for detection of 2.3 years dif-
ference were between 0.81 and 0.97, and for the annualized difference
between 0.86 and 1.09. See Supplementary Table S2 and Fig. 1. For
decline measures of the more versus less affected ROI sides see Sup-
plementary Table S2 and Supplementary Figure S1.

A statistically significant exponential DAT decline over symptom
duration was observed in caudate nucleus, putamen, and sensorimotor
striatum. No evidence of significant DAT decline was seen in the sub-
stantia nigra (Fig. 2, Table 2 and Supplementary Figure S2). See
Supplementary Text for description of the exponential fitting.

3.2. DAT decline and change in H&Y stage

Because only the second cohort (n = 13) could be used to assess the
question of whether change in H&Y stage (assessed in ‘OFF’) was related
to measured DAT change, the analysis was exploratory. Patients who
showed an increase (worsening) of > 1H&Y stage between baseline and
follow-up PET, had on average higher baseline DAT binding and dis-
played numerically larger DAT decline than the patients that had the
same H&Y stage on both occasions. The difference, however, was not
statistically significant (Fig. 3).

3.3. Sample size calculations

The sample size calculations were made for a hypothetical treatment
intervention effect with reduced progression of 30 % or 50 % in a two-
year clinical trial, using the BPyp of the putamen of the less affected
hemisphere or the average BPyp of the putamen of both hemispheres, to
match similar calculations in previous literature for comparative pur-
poses. The effect sizes for both regions were similar (Table 3). The
minimal sample sizes per group were around 200 subjects in case of a 30
% effect, and around 73 subjects for a 50 % treatment effect (Table 3).
Considering an expected drop-out rate of 15 %, the sample size for a two-
year treatment study would be between 80 and 240 subjects per group,
depending on the region and expected treatment effect.

Table 1
Patient characteristics and clinical data.
Sex Age (yr) Symptom duration (yr) LEDD (mg) (MDS-)UPDRS-III H&Y stage
Baseline
Total, n = 25 9F /16 M 64.7 (+7.9) 3 342.0 - 1
[46-76] [0.25-14] [0-798] [1-2]
'ON’, n=12 3F/9M 60.4 (£7.4) 2 270.5 19.2 (£7.5) 1.5
[46-70] [0.25-12] [0-798] [5-13] [1-2]
‘OFF’,n=13 6F / 7M 69.9 4.9 (£3.7) 455 (+£199) 21.2 (£7.49) 1
[56-76] [1-14] [111-680] [10-37] [1-2]
Follow-up - - -
Total, n = 25
‘OFF’,n=13 613 (+218) 22.7 (£9.3) 2
[287-1015] [10-43] [1-3]

Data are summarized as median[range] or mean(+SD) [range] depending on normality of data distribution. Clinical data for the initial cohort that was assessed ‘ON’ at
baseline (n = 12) not systematically re-collected at follow-up. LEDD: levodopa equivalent daily dose. H&Y stage: Hoehn and Yahr stage.
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Fig. 1. Boxplot of annual percent change by region of interest. ROI = region of interest.
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Fig. 2. Individuals’ DAT BPyp decline in the putamen, caudate nucleus, sensorimotor striatum, and substantia nigra, are displayed in relation to their respective
symptom durations.
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Table 2
Exponential regression coefficients of correlation of regional BPyp with symp-
tom duration.

Region Formula Residual p-value
SE

Caudate nucleus BPnp ~ 2.2 * (SympDur) 0.61 0.00004
0.21

Putamen BPynp ~ 1.57 * (SympDur)”  0.38 0.00048
0.15

Sensorimotor striatum BPnp ~ 1.00 * (SympDur) 0.28 0.0013

(SMS) 0.16
Substantia nigra BPpnp ~ 0.73 * (SympDur)”  0.14 0.28

0.04

4. Discussion

This study was designed to examine the rate of DAT decline
measured with ['®F]FE-PE2I PET in a group of subjects with non-
advanced PD, as part of further validation of [®F]FE-PE2I as imaging
marker of nigrostriatal degeneration. To our knowledge, this is the first
study to examine longitudinal [\®F]FE-PE2I PET measures in a powered
cohort of subjects with Parkinson’s disease. These data are relevant since
[‘8F]FE-PE2I PET is being used globally by several research groups, as
well as implemented in the clinic.

Firstly, we evaluated the consistency of the estimate of annual DAT
decline between our data and those previously reported with other
SPECT and PET radioligands. Secondly, we calculated the effect size of
the DAT change in specific striatal subregions and compared them with
those reported for [*231]FP-CIT and [''C]PE2L Thirdly, we investigated
whether the DAT decline was larger in patients with clinical
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deterioration based on H&Y stage assessment than in patients remaining
clinically stable. Finally, we aimed to estimate the minimum sample size
needed in a clinical trial to detect a disease-modifying effect of 30 % and
50 % using ['®F]FE-PE2I as imaging biomarker, to compare with data
available for other DAT radioligands.

4.1. Annual DAT decline

The annual percentage DAT change in striatum of PD’s subjects
observed in the present study (5-8.5 %) was in agreement with those
reported across several previous studies (6-7%) (Chouker et al., 2001; Li
et al., 2018; Marek et al., 2002; Staffen, Mair, Unterrainer, Trinka, &
Ladurner, 2000; Winogrodzka et al., 2001). The DAT decline observed
over symptom duration indicated an exponential decline, which aligns
with previous reports of DAT decline over symptom duration (Nand-
hagopal et al., 2011; Sakakibara et al., 2020).

The data also showed no substantial decline of DAT in the substantia
nigra compared to the other regions of the nigrostriatal system. This
might indicate a floor effect, compensatory changes in DAT expression,
or delayed decline in the disease, consistent with the observation that
cell bodies are affected at a later stage of the disease as compared with
the nerve terminal (Caminiti et al., 2017; Fazio et al., 2018). The low
DAT density in the region and partial volume effect on the small area
might have influenced the results as well.

4.2. Intraindividual longitudinal changes and effect sizes
Li and colleagues (Li et al., 2018) performed a similar longitudinal

study on 23 subjects with mild-moderate stage PD, using ['!C]PE2I PET
(scan interval 18.8 months). They found the change of DAT availability
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Fig. 3. Individual plots of the relation between DAT binding measured vs symptom duration, categorized by subjects that increased in H&Y stage at follow-up and
those that remained the same H&Y stage at follow-up (in the subgroup of cohort with ‘OFF’-assessed H&Y stage, n = 13).
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Table 3
Sample size calculations using [*®F]FE-PE2I BPyp data of the less affected pu-
tamen and mean putamen (average of both hemispheres).

Natural reatment Effect Estimated
decline group size minimal needed
DATBPyp declinepar sample size per
(2.3 yr) BPy» group
Mean(SD) Mean(SD)
(Cohen’s [+15 % for drop-
ds) outs]
Less affected —0.408 30 %: —0.286 0.28 n = 206 [237]
hemisphere (0.443) (0.443)
PUTAMEN 50 %: —0.204  0.46 n =75 [86]
(0.443)
Mean -0.272 30 %: —0.191 0.29 n =194 [224]
PUTAMEN (0.286) (0.286)
50%: —0.136  0.48 n=71[82]
(0.286)

in caudate nucleus and posterior putamen to correlate with the change
of total MDS-UPDRS-III score and the bradykinesia-rigidity sub-score, as
well as of DAT changes in the more affected putamen with changes of
bradykinesia-rigidity score (p =.042). In our study, the sample size of
patients with longitudinal MDS-UPDRS-III assessments in ‘OFF’ (n = 13)
was too small to perform a powered correlation analysis. Exploratory
analysis did not show any significant correlation between change in DAT
and change in MDS-UPDRS-III (sub)scores. However, [‘8F]FE-PE2I
showed a similar pattern of change with MDS-UPDRS-III subscores as
[*CIPE2L See Supplementary Figure S3. Therefore, future studies
with a higher number of subjects are needed to further assess the
correlations.

We also performed an exploratory analysis to evaluate whether the
change in H&Y stage was associated with the DAT decline. We observed
a trend of larger DAT decline in patients advancing in H&Y stage at
follow-up. However, most DAT changes measured were below the
minimum detectable difference (measurement variability) (Kerstens
et al., 2020). Further studies are needed to explore this association.

The effect size for detecting intraindividual longitudinal DAT change
in the putamen measured with [*8F]FE-PE2I was about three times
larger than those estimated with two- and four-year interval from data of
the Parkinson’s Progression Markers Initiative (PPMI) cohort examined
with ["2*I]FP-CIT SPECT (Burciu et al., 2017; Marek et al., 2018). This
finding would be expected considering the higher sensitivity and reso-
lution of PET vs SPECT which gives the possibility to detect intra-
individual differences with higher sensitivity and less variability.

In a previous study conducted in a comparable cohort of 23 non-
advanced PD subjects that were examined with [*'C]PE2I PET with a
18.8-month interval (Li et al., 2018), the estimated intraindividual effect
size was around 0.71-0.78 for the caudate nucleus, posterior and ante-
rior putamen. With our data recalculated to 18.8 months, the effect sizes
of caudate nucleus and putamen are 1.02—1.08. The difference between
the effect sizes calculated from BPyp values obtained with ['®F]FE-PE2I
and those obtained with [HC] PE2I might be related to differences in the
methods of image analysis or differences in the resolution of the PET
systems used in the two studies. [lBF]FE-PEZI, however, has some ad-
vantages over [*1CIPE2L Due to the longer half-life of 18F g 11C, [*8F]
FE-PE2I can be distributed also to centres that do not have a radioligand-
production facility. Furthermore, the fast kinetic properties of [‘®F]FE-
PE2I and the low production of blood-brain barrier crossing radio-
metabolites are also advantages in terms of quantification (Fazio et al.,
2015; Kukk, Loog, Hiltunen, & Jarv, 2018; Morbelli et al., 2020; Sasaki
et al., 2012; Varrone et al., 2009; Varrone et al., 2011).

4.3. Sample size calculation

The sample size calculation with the data obtained with [*8F]FE-
PE2I PET and those reported in previous [123I]FP-CIT SPECT studies
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(Burciu et al., 2017; Marek et al., 2018), showed that for a 2.3-year
randomized clinical trial with a 50 % effect (power = 0.8, a two-sided
alpha = 0.05) the number of participants needed using ['®F]FE-PE2I
PET would be 2-3 times lower than the number of participants needed
for a 2-year trial using [12°I]FP-CIT SPECT (80 vs 168 to 236). No data is
available on other current DAT radioligands’ sample size calculations
assuming a 30 % treatment effect (which perhaps would be more real-
istic), but one assumes a similar comparative advantage of sample
needed using [18F] FE-PE2I. The amount of PET facilities using [lsF]FE—
PE2I is growing globally over the past years and has been implemented
in a few clinics, providing the possibility for multi-center collaborative
studies to reach the powered sample sizes. To enable implementation
across sites, such studies would benefit from simplified quantification
methods with short acquisition protocols (e.g. 30-minute early SBR as in
Brumberg et al., 2021). In such case, it is expected that the needed
sample size would be larger than the one reported in this study.

Calculating sample size on non-advanced Parkinson patients is rele-
vant because this population is likely to have a measurable decline in
DAT and, additionally, is the likely target group for disease-modifying
treatments.

4.4. Genetic and pharmacological factors

One subject from the second cohort was found to be heterozygote of a
GBA mutation (E326K). E326K mutations are associated with margin-
ally earlier disease onset and a higher prevalence of cognitive decline
(O’Regan, Desouza, Balestrino, & Schapira, 2017) — which was not the
case in this subject.

Although there is no strong evidence of the possible neuroprotective
or neurotoxic effect of anti-Parkinson medication, we acknowledge that
this potential confounding factor could not be excluded in the present
study. However, since estimates of DAT decline were similar to those
reported in previous studies in different cohorts, including unmedicated
patients, we believe that our study cohort reflects a representative group
of PD patients.

Finally, two subjects mentioned the COVID-19 pandemic signifi-
cantly influenced their physical training routine which influenced their
experienced severity of motor symptoms, reflected in the MDS-UPDRS-
III score.

4.5. Outlier subject

One of the subjects that completed the study was excluded from the
final report (described in the Supplementary Text) because no unbiased
decision could be made on which of its baseline PETs to take as baseline.
This subject had two baseline PETs as they were also part of our
test-retest study (Kerstens et al., 2020), and showed an unexpectedly
high test-retest DAT BPyp variability, unexplained by external factors.
For the sake of transparency, we report in Supplementary Table S3 the
results including this subject with either PET as baseline. Overall, the
same conclusions can be made regarding the validity of measuring DAT
with ['F]FE-PE2I PET, its comparisons to other DAT radioligand re-
ports in the literature, and a 2-2,5 times lower sample size needed than
reported in the literature on FP-CIT SPECT.

5. Conclusions

The present study shows that [lsF]FE—PE2I PET is able to measure
longitudinal DAT changes in patients with non-advanced Parkinson’s
disease with larger effect sizes compared with other DAT SPECT and PET
radioligands. It thereby proves to be a beneficial disease progression
marker. Considering the sample size calculations and the known ad-
vantages of PET vs SPECT, [‘8F]FE-PE2I can be considered as a potential
imaging marker in future clinical trials with disease-modifying
interventions.
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