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Abstract

respectively, taking a daily dose of 50 mg sertraline.

Background The dopamine transporter (DaT) PET ligand ["8FIFE-PE2I is used to aid the diagnosis of Parkinson’s dis-
ease. After encountering four patients with a history of daily sertraline use, who all showed atypical findings on ['®F]
FE-PE2I PET, we suspected that the selective serotonin reuptake inhibitor (SSRI), sertraline, might interfere with the
results and lead to globally reduced striatal ['®FIFE-PE2I binding due to sertraline’s high affinity for DaT.

Methods We rescanned the four patients with ['8F]FE-PE2I PET after a 5-day sertraline pause. Sertraline plasma
concentration was estimated based on body weight and dose, and specific binding ratios (SBR) in caudate nucleus,
known to be more preserved in Parkinson’s, were used to estimate the effect on tracer binding. Comparison was
made to a patient with ['®FIFE-PE2I PET before and after a 7-day Modafinil pause.

Results We found a significant effect of sertraline on caudate nucleus SBR (p =0.029). The effect showed a linear
dose-dependent relationship that corresponds to a reduction in SBR by 0.32 or 0.44 for a 75 kg male or a 65 kg female,

Conclusion Sertraline is one of the most commonly used antidepressants and in contrast to other SSRI's, sertraline
show high affinity for DaT. We recommend that sertraline treatment is taken into account when patients are undergo-
ing ["®FIFE-PE2I PET especially in patients showing apparent globally reduced PE2I binding. If tolerable, pausing of the
sertraline treatment should be considered, especially for doses above 50 mg/day.

Keywords Dopamine transporter, SSRI, Blocking, DAT, Positron emission tomography, Parkinson'’s disease

Introduction

Dopamine transporter (DaT) imaging is commonly used
for diagnosing Parkinson’s disease or atypical Parkinson-
ism. DaT imaging allows assessment of the presynaptic
dopaminergic function in striatum through visualiza-
tion of the DaT, which is found primarily in presynaptic
nigrostriatal dopaminergic projections. In Parkinson’s
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disease, these dopaminergic synapses are lost along with
the dopaminergic neuron cell bodies due to the accumu-
lation of misfolded alpha-synuclein [1]. Several imaging
centres have recently implemented and validated ['®F]FE-
PE2I PET to replace ["*I]JFP-CIT SPECT for DaT imag-
ing to achieve higher resolution and shorter examination
times [2-5]. An additional advantage of ['®F]FE-PE2I
PET is the selective binding to the DaT [6], while ['**I]
FP-CIT is known to also bind to serotonin transporters
[7, 8].

Before DaT-imaging, patients should pause any medi-
cations that could occupy the DaT and potentially lead to
false positive findings, including drugs like Modafinil (for
narcolepsy), methylphenidate (for ADHD), recreational
drugs (cocaine, amphetamine) and to a lesser extent
the antidepressants mazindol, bupropion and radafax-
ine [1]. However, sertraline might also interfere with
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DaT-imaging. Sertraline is a selective serotonin reuptake
inhibitor (SSRI) commonly used as first line treatment in
mild to severe depression. Although targeting the sero-
tonin transporter, sertraline possesses an equilibrium
dissociation constant (Kp) of 25+2 nM for the DaT, and
thus a high affinity for the DaT in contrast to other SSRI’s
[9]. Thus, sertraline may potentially block the DaT inter-
fering with ['®F]JFE-PE2I binding. As sertraline is widely
used, also in elderly patients [10], the high DaT-affinity of
sertraline could be a clinically significant problem.

We present data on four patients on sertraline treat-
ment referred for ['*F]FE-PE2I imaging under suspicion
of Parkinson’s disease. Due to apparent globally reduced
striatal ['®F]FE-PE2I binding and suspicion of DaT block-
ing, the patients were rescanned after pausing sertraline.
The results are compared to imaging of a patient treated
with 100-mg Modafinil daily—a known DaT blocker.

Methods

Subjects

Four patients referred to DaT-imaging due to clinical sus-
picion of Parkinson’s disease showed globally reduced
['8F]FE-PE2I uptake despite no record of known DaT
blocking medication. Carefully re-examining the pre-
scriptions again, we noticed that all patients took ser-
traline on a daily basis. Patients were offered repeated
DaT-imaging preceded by a 5-day pause, since sertraline
has a plasma half-life of ~24—26 h [11]. For comparison, a
patient on Modafinil treatment was included. All patients
gave written consent for publication. To avoid discon-
tinuation syndrome, the daily sertraline treatment for
patient 3 was switched to another SSRI during the sertra-
line pause. No discontinuation symptoms were observed.
Please refer to Table 1 for demographic and clinical data.

PET imaging

PET imaging was performed as a 10-min recording on a
Discovery 710 or MI PET/CT (GE Healthcare, Milwau-
kee, USA) at Bispebjerg Hospital (n=4) or Siemens Bio-
graph Vision 600 PET/CT scanner (Siemens Healthcare,
Erlangen, Germany) at Aarhus University Hospital (n=1,
Modafinil case) 30 min after injection of 148 MBq ['°F]
FE-PE2I (range 122-162 MBq) or 200 MBq as previously
described [5]. A low-dose CT was obtained for attenua-
tion correction. Data were reconstructed into 3D data-
sets using a of a block-sequential regularized expectation
maximization algorithm with a regularization parameter
“B” of 250 (“Q.Clear”) or an iterative OSEM algorithm (8
iterations, 5 subsets) with resolution recovery (TrueX).
The two scans for each patient were coregistered and
manual volumes of interest were drawn in the caudate
nucleus of the side with the highest uptake and in bilat-
eral cerebellar grey matter including vermis using MIM
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Software (version 7.1, MIM Software Inc. Cleveland, OH,
USA). The specific binding ratio (SBR) relative to non-
specific binding of tracer in the reference region cerebel-
lum that is devoid of DaT [12] was estimated as:

Activity cydate — ACHVIY cerebellum
ACtiVity cerebellum

SBR =

Estimation of P-sertraline

We roughly estimated the sertraline plasma concentra-
tion (P-sertraline) at the time of the first scan using for-
mula [13]:

F.-D

6:
Cl-t

where C equals the average concentration at steady state,
F equals the bioavailability of sertraline, which was set to
0.44 [14], D equals the dosage, Cl equals the clearance of
sertraline, and 7 equals the dosing interval. The clearance
was determined using the following formula:

Cl=ke V4

where k, equals the elimination rate constant of sertra-
line, which was set to 0.019 h™! [11] and V4 equals the
volume of distribution, which was estimated by multi-
plying the patient’s weight by 75 mL kg™! or 65 mL kg™
for men and women, respectively. P-sertraline at time of
the second scan (5-day sertraline pause) was assumed to
equal zero.

Statistics

The statistical significance was set to an alpha-level of
p<0.05. A paired t test was used to compare SBR with
and without sertraline. A linear regression of the absolute
change in SBR to the estimated change in P-sertraline
was performed for each patient and the slope coefficients
were averaged to achieve a common change in SBR as a
function of P-sertraline.

Results

Visual analysis indicated a globally lower DaT activity
when taking sertraline compared to the scans after 5-day
sertraline pause (Fig. 1, Additional file 1: Fig. S1). SBR
of caudate nucleus with and without sertraline showed
a significant effect of pausing sertraline (p=0.03) and
the changes in SBR were similar to the change induced
by 100 mg Modafinil (Table 2). We found no change in
right-left asymmetry or the ratio between nucleus cauda-
tus and putamen, i.e. the distribution pattern was unal-
tered. The mean of slope coefficients was calculated to
equal —38 mL/mg, i.e. SBR is reduced by 0.38 for each
increase in P-sertraline of 0.01 mg/mL (Fig. 2a). SBR at
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Fig. 1 Axial sections of fused ['®F]FE-PE2I PET and CT for visual comparison with and without 100-mg Modafinil (top) or 100-mg sertraline

treatment (bottom) (patient 2)

the two scans as a function of the estimated P-sertraline
showed a linear dose-dependent effect (Fig. 2b).

Discussion

In four patients suspected of Parkinson’s disease, we
found a sertraline-induced significant dose-dependent
reduction of ['®F]FE-PE2I SBR in caudate nucleus that
has not previously been described. The findings are in
line with sertraline’s known high binding affinity for the
DaT and may possess clinical implications due to the
rather frequent use of sertraline. Thus, possible sertraline
medication must be kept in mind when interpreting ['*F]

FE-PE2I PET scans. Other SSRIs have much lower affin-
ity for DaT and should not influence DaT imaging. It is
not known to what degree these findings are transferable
to other radiolabelled DaT tracers, as ['2*IJFP-CIT show
increased SBR during SSRI treatment [15]. Thus, we do
not know how ['*IJFP-CIT SPECT is influenced by ser-
traline. PET tracers targeting the dopamine synthesis,
e.g. ['"SFJFDOPA or vesicular monoamine transporter,
[8F]FP-DTBZ, should not be susceptible to sertraline.
Optimally, sertraline should be discontinued before
['8F]FE-PE2I PET, but the risk of a discontinuation syn-
drome with flu-like symptoms, imbalance, strange skin
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Table 2 SBR values of the caudate nucleus in the hemisphere
with highest uptake with and without sertraline for all four
patients

With Without Change Change

medication  medication (absolute) (relative)

(SBR) (SBR) (%)
Patient 1 2.06 245 0.39 16
Patient 2 2.54 394 1.40 36
Patient 3 3.87 4.89 1.02 21
Patient4 228 294 0.66 22
Modafinil  3.11 438 1.27 29

For comparison, we have included SBR-values for a patient with and without
100 mg Modafinil daily, a drug known to reduce DaT-activity and lead to false
positive findings

sensations, hyperarousal, and insomnia needs to be kept
in mind [16, 17].

The SBR reduction induced by sertraline is in the order
of magnitude of daily treatment with 100 mg Modafinil
(normal dose for elderly patients), which is known to
reduce DaT-activity.

The magnitude of ['®F]JFE-PE2I reduction significantly
influencing the interpretation of DaT imaging may be
highly variable between patients as normal limits of stri-
atal SBR are from 3 to 7 on our scanner system. We found
that SBR is reduced by 0.38 for each increase in P-ser-
traline of 0.01 mg/mL. Thus, a 75-kg male taking 50 mg
per day results in a SBR reduction of 0.32, while a 65-kg
female is reduced by 0.44. Depending on bodyweight and
gender, a dose of 50 mg may be acceptable if the reduc-
tion is kept in mind when interpreting the scan. Higher
doses can be switched to another SSRI with low affinity
for the DaT such as escitalopram [18]. Alternatively, only
patients with equivocal scan results could be rescanned
after a 5-day sertraline pause as most patients with neu-
rodegenerative diseases affecting the dopamine system
show a characteristic “neurodegenerative pattern” Such
patterns including reduced binding in the posterior puta-
men or sometimes striking left-right asymmetry are not
expected with pharmacological DaT blockade, where the
entire striatum shows more globally and homogeneously
reduced binding.

There are limitations to the study, including the sam-
ple size. However, the dose-dependent decrease in all
subjects combined with sertraline’s high affinity for DaT
supports the influence of sertraline for [®F]FE-PE2I
PET imaging. Further, ['SF]FE-PE2I PET has previously
been shown to have good test-retest reproducibility [19,
20] supporting that the present results are trustworthy.
All patients had a number of comorbidities, which may
have influenced the results. Further, only patients with
equivocal scan results were rescanned as the study was
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Fig. 2 a SBR as a function of estimated P-sertraline at time of scan.
The mean of slope coefficients was calculated to equal —38 mL/mg.
b The absolute reduction of SBR as a function of P-sertraline. The line
of regression is shown. The sertraline pausing increases in SBR as a
function of the estimated P-sertraline before sertraline pause

performed in a clinical setting. And a number of patients
who despite of sertraline usage still showed marked
asymmetry due to Parkinson’s disease may not even have
been identified.

The biological half-life of sertraline is highly variable
and discontinuation for five days may not be sufficient
in all cases, and remaining sertraline in plasma or recep-
tor bound may still be interfering with the second ['°F]
FE-PE2I PET. Furthermore, the major metabolite of ser-
traline, N-desmethyl-sertraline, has a half-life of 60-70 h
and a low K, for DaT at 129 nM [9, 14]. Thus, our find-
ings may have underestimated the blocking effect of
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sertraline. The present study cannot robustly determine
a cut-off value for daily sertraline ingestion or deter-
mine the optimal length for discontinuation. The sug-
gested cut-off of 50 mg and 5-day sertraline pause is a
rough estimate, and a prospective dose response study is
warranted.

In conclusion, the significant dose-dependent reduc-
tion of ["®F]FE-PE2I uptake in sertraline-treated patients
should be taken into account in future ['*F]FE-PE2I PET
imaging.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513550-023-01000-6.

Additional file 1. Fig S1: Axial sections of fused ['®F]FE-PE2I PET and CT
for visual comparison with and without sertraline for all four patients in
sertraline treatment.
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