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Abstract

Background Activation of endothelial cells and platelets in atherothrombosis is characterized by upregulation

of P-selectin. As a consequence, P-selectin represents a potential target for molecular imaging to identify thrombosis
at an early stage. Fucoidan is a polysaccharide ligand extracted from brown algae with nanomolar affinity for P-selec-
tin. This first-in-human study evaluated in healthy volunteers the safety, whole-body biodistribution, and dosimetry
of #™Tc-fucoidan (Good Manufacturing Practices grade). We also investigated whether we could observe binding

of #™Tc-fucoidan to human thrombi ex vivo and in vivo. In ten healthy volunteers, conjugate whole-body scans were
performed up to 24 h following intravenous injection of ™ Tc-fucoidan (370 MBq). Moreover, ™ Tc-fucoidan uptake
in ex vivo human thrombi (n=11) was measured by gamma counting. Additionally, three patients with a newly diag-
nosed deep vein thrombosis (DVT) were subjected to *™Tc-fucoidan SPECT/CT imaging.

Results “"Tc-fucoidan was well tolerated in all participants without any drug-related adverse events. The total-
body absorbed dose in males was comparable to females (0.012+0.004 vs. 0.011+0.005 mSv/MBg; p=0.97). Gamma
counting experiments demonstrated binding of tracer to ex vivo human thrombi that was 16% lower after blocking
with a natural P-selectin ligand, Sialyl Lewis X. " Tc-fucoidan demonstrated specific uptake at the thrombus site

in one out of three scanned patients with DVT.

Conclusions *"Tc-Fucoidan has a favorable biodistribution and safety profile. *™Tc-fucoidan exhibited specific
binding to human thrombi in both in vivo and ex vivo settings. Nonetheless, the in vivo results do not support further
clinical investigation of ™ Tc-fucoidan as an imaging modality for DVT. Other clinical implementations of a techne-
tium—99m-labeled P-selectin tracer should be considered.
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Introduction

Cardiovascular disease is hallmarked by endothelial dys-
function contributing to a pro-inflammatory state within
the arterial wall [1]. As inflammation is a key process
throughout all stages of atherogenesis, there is a strong
interest to develop non-invasive imaging modalities to
assess arterial wall inflammation, in particular for the
evaluation of novel anti-inflammatory agents [2]. The
inflammatory pathway in atherothrombosis is character-
ized by a complex of interactions between endothelial
cells, leukocytes, and platelets. P-selectin is an adhesion
molecule expressed at the surface of activated platelets
and endothelial cells [3]. Platelet P-selectin interacts
with leukocytes to form stable platelet-leukocyte aggre-
gates during the early phase of thrombogenesis, while
endothelial P-selectin mediates leukocyte adhesion, roll-
ing, and extravasation of mononuclear inflammatory cells
into the subendothelial space. Thus, P-selectin represents
a potential molecular imaging target for early detection
of atherothrombosis.

Molecular imaging of P-selectin by means of Posi-
tron Emission Tomography (PET), Single-Photon Emis-
sion Computed Tomography (SPECT), ultrasound, and
Magnetic Resonance Imaging (MRI) have been inves-
tigated in several animal models of cardiovascular dis-
ease, including atherosclerosis [4], ischemic stroke [5],
venous thromboembolism [6], cardiac thrombi [7], and
abdominal aortic thrombosis/aneurysms [8-11]. In
these studies, imaging agents formulated with antibod-
ies against P-selectin or synthetic mimics of Sialyl Lewis
X (SLe), a natural ligand of P-selectin, detected upregu-
lation of P-selectin in sites of acute atherothrombotic
events. However, human data is lacking to date. Previ-
ously, we identified fucoidan as a polysaccharide ligand
with nanomolar affinity for P-selectin [12]. Fucoidan is a
sulfated polyfucose extracted from brown algae and is a
natural mimic of SLe*. Technetium—99m (**™Tc)-labeled
fucoidan selectively binds to P-selectin expressed by acti-
vated human platelets in vitro, and it enables SPECT/
CT to visualize platelet-rich thrombi in animal models of
abdominal aortic aneurysm and endocarditis as well as
endothelial activation in murine ischemia-reperfusion
injury [13].

Recently, we developed *™Tc-fucoidan as a Good Man-
ufacturing Practice (GMP)-grade clinical imaging agent
[14]. In the present study, we evaluated the safety pro-
file, whole-body biodistribution, and estimated absorbed
radiation doses of this new radiopharmaceutical in
humans. Moreover, we provide proof-of-principle by
performing experiments on human thrombi with *™Tc-
fucoidan ex vivo. Three patients with a newly diagnosed
deep vein thrombosis (DVT) underwent *™Tc-fucoidan
SPECT/CT.

Page 2 of 9

Methods

Study design for phase |

This study had an open-label design to assess the safety,
whole-body biodistribution kinetics, and dosimetry of
9mTe-fucoidan in 10 healthy volunteers consisting of
5 male and 5 female subjects. *™Tc-fucoidan was syn-
thesized according to GMP guidelines as described pre-
viously [14] and produced by Eurofins Amatsi Group
(Fontenilles, France). The molar activity of **™Tc-
fucoidan was 2994 + 872 MBq/nmol at the end of syn-
thesis, and the radiochemical purity exceeded 95% in
every batch. Healthy subjects were intravenously injected
with 356+ 14 MBq of *™Tc-fucoidan, after undergoing
baseline examinations. Whole body planar scintigraphy
was performed at multiple time points after radiotracer
administration (t=30 min, 1.5 h, 3 h, 6 h and 24 h) and
SPECT imaging at t=2 h, based on previously reported
blood clearance in a murine study [13]. Blood and urine
analyses were performed before and after imaging.

The study was conducted in accordance with the Dec-
laration of Helsinki and in compliance with current Good
Clinical Practice guidelines. The protocols were approved
by the local institutional review board, and all partici-
pants provided written informed consent. The study was
registered as a clinical trial (NCT03422055, NL6703).

Whole-body scintigraphy

Planar whole-body scans were acquired with an energy
peak at 140 keV, 15% energy window, table speed 8 cm/
min, without automatic body contour and a matrix size
of 2561024 using low energy high resolution collima-
tors. Dual-head SPECT was performed with the same
energy peak, energy window and collimators as used for
the whole-body scans with a matrix size of 128 x 128, 32
projections per detector; 40 s per angle, step mode and
a noncircular rotation of the chest and the abdomen. All
scans were performed on a Siemens Symbia-S.

Distribution kinetics and radiation dose estimates

All planar images were analyzed by drawing regions of
interest for target organs using a dedicated software pack-
age (Olinda/EXM version 2.0, Hermes Medical Solutions,
Stockholm, Sweden) [15, 16]. Whole-body scan derived
values were used to determine biodistribution, residence
times and dosimetry of *™Tc-fucoidan. Estimated organ
doses were calculated from the geometric mean images,
using the ICRP 89 Adult Male and Female phantom
models in OLINDA/EXM. All biodistribution results are
expressed as a percentage of the injected dose. A calibra-
tion source was used to convert the measured counts into
the percentage injected dose activity. The same dose cali-
brator was used for the creation of the calibration source
and for assay of injected subject doses. SPECT data were
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not used for biodistribution and dosimetry analysis. No
attenuation correction was applied for these analyses.
The well counter used has a yearly calibration and
validation of the most used radiotracers. In addition, we
added for each subject an appropriate standard *™Tc
activity to the measurements of the collected blood and
urine samples obtained at different time intervals.
Regions of interest (ROIs) were drawn around the
organs of interest to quantify tracer uptake [17]. The
strategies we adopted to limit overlapping organs from
distorting tracer uptake measurements can be found in
the Supplemental Information. Whole-body region and
bladder ROI were used to determine urinary excretion.

Safety assessment

Clinical assessment including vital signs and electrocar-
diography was performed before each imaging acquisi-
tion. Healthy volunteers were continuously monitored
for adverse events. Blood samples were collected and
analyzed. Analyses included hematology, hemostasis, and
chemistry panels.

Blood and urine measurements

Urinary and venous blood samples were collected before
and after *™Tc-fucoidan injection at set intervals. Urine
samples were collected for 24 h, in the following inter-
vals: 0—1, 1-3, 3—6 and 6-24 h after injection of **™Tc-
fucoidan. Venous blood samples were collected in the
following intervals: 0.5, 1.5, 3, 6, and 24 h after injection
of #™Tc-fucoidan.

The radioactivity of whole blood was measured with a
gamma counter (Wizard 2480, Perkin Elmer). Plasma was
separated by centrifugation (3,000 g for 15 min at 4 °C),
radioactivity was measured and decay-corrected for the
time of injection. The total urine volume was measured,
and a 1 mL sample was measured with a gamma counter.
Radioactivity measurements were corrected for total vol-
ume of urine and duration of time intervals. The gamma
counting measurements were done in three duplicate
1 mL samples of the collected blood and urine at different
time intervals combined with an appropriate standard
99MTe activity to convert from counts to MBq.

Ex vivo binding study

To study **™Tc-fucoidan uptake in a disease-like setting,
we incubated ex vivo human thrombus specimens with
the tracer in the presence or absence of an excess amount
of competitive binder. Venous blood samples were with-
drawn from 11 healthy volunteers (6 males and 5 females,
mean age 28.0+ 1.8 years) into clot activator tubes (BD
Vacutainer) and centrifuged for 15 min (3,810 g at 20 °C)
to induce thrombus formation. Thereafter, serum was
discarded and remaining thrombus was cut into cylinders
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of approximately 3 mm in thickness. Two cylinders per
individual were used. As a positive control, the thrombus
was incubated with 0.1 MBq of *™Tc-fucoidan (1.5 mL,
tracer solution 0.07 MBg/mL) for 60 min at room tem-
perature (RT). To assess the specificity of tracer binding,
1 pg (100 pL) of 3’-Sialyl-Lewis-X-tetrasaccharide (SLe,
S1782, Sigma-Aldrich) was added two minutes before
9mTe-fucoidan in a parallel thrombus. The dose of SLe*
was calculated to be a 150-fold amount compared with
the #™Tc-fucoidan. After incubation, the tracer solutions
were discarded, and the thrombi were washed twice with
1.5 mL of phosphate-buffered saline (Fresenius Kabi,
Netherlands). The radioactivity was measured using a
gamma counter (2480 Wizard, Perkin Elmer) and radio-
activity values were normalized for decay and weight of
the thrombus. Results are depicted as counts per second/
gram (CPS/g).

Deep vein thrombosis assessment

We studied whether ?*™Tc-fucoidan also binds to
thrombi in vivo. This preliminary Phase Ila study was
approved by the local institutional review board, and
all participants provided written informed consent. The
study was registered as NL7739. Thus, 3 patients with
deep vein thrombosis (DVT), as diagnosed by routine
diagnostic compression ultrasound sonography, were
subjected to **™Tc-fucoidan SPECT imaging. All scans
were performed within 48 h after treatment initiation.
The patient cohort comprised individuals aged 50, 55,
and 60 years, two of them being female.

Statistical analysis

Data are represented as means with standard devia-
tions. To assess the difference in uptake for males and
females an unpaired Student’s t-test was performed. For
repeated measures data, we performed one-way ANOVA
or mixed-model analysis. Statistical analyses were per-
formed using the SPSS statistics software (Version 26,
IBM). A p value of<0.05 was considered statistically
significant.

Results
Baseline characteristics
Baseline characteristics of 10 healthy volunteers

are presented in Table 1. At screening, the mean
age was 64+7 vyears, the average blood pressure
was 131+9/80+8 mmHg, and the mean BMI was
26.5 +4.8 kg/m? Four subjects were ex-smokers and one
was actively smoking. All subjects had normal liver and
renal function tests. They did not use any concomitant
medication.
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Table 1 Baseline characteristics

Study
participants
(n=10)
Patient characteristics
Age (years) 635+72
Sex (male) 5(50)
Smoker (yes) 1(10)
Body mass index (kg/m?) 24.51[22.7,294]
Systolic blood pressure (mmHg) 132 [126, 140]
Diastolic blood pressure (mmHg) 7673, 82]
Laboratory parameters
C-reactive protein (mg/L) 0.8[0.5,1.1]
White blood cell count (x T0A9/L) 541[4.1,56]
Thrombocytes (x 10A9/L) 201 [176, 249]
Creatinine (Lmol/L) 82[77,85]
Estimated glomerular filtration rate (mL/min/1.73m?)* 751[71,81]
Alanine aminotransferase (U/L) 18116, 23]
Aspartate transaminase (U/L) 22 (19, 23]

Values are presented as mean + standard deviation, median [interquartile
range] or number (percentage). *Calculated using the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation

Safety and tolerability

9mTe fucoidan was well tolerated by all participants
without any drug-related adverse event. During the study,
there were no clinically significant changes in blood pres-
sure or heart rate, on electrocardiography. Clinical chem-
istry before tracer administration is shown in Table 1.

Whole-body biodistribution and radiation dosimetry
Typical examples of anterior images are depicted in
Fig. 1A. Physiological uptake was visualized in the liver,
kidney, spleen, and bladder. These observations were con-
firmed by the thoracic and abdominal SPECT (Fig. 1B).
The injected radioactivity was cleared rapidly with
a total body activity of 4.7+0.7% remaining after 24 h
(Fig. 2A). Substantial activity was observed in the liver,
which decreased from 37.3+5.1% at 30 min after injec-
tion to 19.1+3.0% after 6 h. Low activity (<5%) was
observed in other organs (Fig. 2B). In line, blood pool
and plasma activity diminished quickly after the first
6 h (Fig. 2C). Plasma activity levels were significantly
higher than whole blood levels in all time points (the
plasma-to-blood ratio at 0.5, 1.5, 3, 6, and 24 h was 1.67,
1.64, 1.70, and 1.69 respectively, p for trend<0.001).
Radioactivity in urine was the highest in the first time
interval and decreased significantly over the subse-
quent intervals (t=0-3: 4.11x10%+2.41x10% CPM/
hour; t=3-6: 2.67x10%+1.60x10° CPM/hour; t=6-24:
4.35x10”+3.23x 10’ CPM/hour; p for trend<0.001).
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Despite explicit instructions, the urine sample data was
inconsistently collected by the subjects. Therefore, no
adequate analysis of the urine samples could be per-
formed and the bladder residence times were derived
from the scintigraphic images only.

The organ-absorbed doses and the effective doses are
summarized in Table 2, and the residence times in the
Supplemental Table 1. The total-body absorbed dose
in males was comparable to females (0.012+0.004 vs.
0.011+0.005 mSv/MBg; p=0.97).

Ex vivo binding of 2™ Tc-fucoidan to human thrombus

Ex vivo thrombi from all individuals remained stable
throughout the tracer incubation and washing steps.
The average **™Tc-fucoidan uptake in ex vivo thrombus
was 4961 + 806 CPS/g, whereas the uptake was reduced
by 16% after blocking with SLe* (4188+1061 CPS/g,
p=0.029, Fig. 3).

99mTc_fucoidan uptake in deep vein thrombosis

High regional uptake of *™Tc-fucoidan was observed in
the left popliteal- and femoral vein in one patient (Fig. 4),
corresponding to the site of the DVT on ultrasonography.
Drawing a region of interest (ROI) around the throm-
bus and the unaffected contralateral vein, the maximum
counts were 1.42 times as high in the thrombus. The
scans of the remaining two patients showed no increased
focal tracer uptake in the affected veins. In these patients
the maximum counts in the thrombus were 0.84 and 0.93
times as high compared to the unaffected contralateral
vein.

Discussion

Here, we describe the first-in-human experience with
a nuclear imaging agent for P-selectin, a transmem-
brane protein which plays an essential role in thrombus
formation and also throughout all stages of the athero-
genic process. Our study established clinical safety of
9mTe-fucoidan and determined that tissue distribution
and radiation exposure were appropriate for clinical use.
Additionally, we demonstrated that **™Tc-fucoidan binds
to human thrombi ex vivo and in vivo.

Recently, we set up a GMP-grade radiosynthesis pro-
tocol for the production of *™Tc-fucoidan [14]. There
we showed that the GMP produced fucoidan had no
side effects in rats after an intravenous administration
of 1,000-fold excess of the planned clinical dose (40 pg/
volunteer), and that fucoidan had no immune reactive
properties in pigs [14]. In this study, we observed renal
uptake of the radiotracer after intravenous injection of
9mTe-fucoidan, followed by accumulation in the bladder
and high activity in urine, indicating rapid renal excre-
tion of *™Tc-fucoidan. This is presumably due to the
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Fig. 1 Whole body scintigraphy and SPECT (A) Representative whole body anterior planar scintigraphy of “™Tc-fucoidan administered to a healthy
volunteer. A reference standard was placed between the legs. Planar images are through 24 h. The scale bar is measured in absolute counts. (B)
SPECT images of the thorax and abdomen at 2 h after injection. Liver, spleen and kidneys are visible on a maximum intensity projection of frontal
plane view (left panel), with the green line indicating the position of the corresponding axial slice (right panel)

hydrophilic properties of low-molecular-weight fucoidan
[14]. Moderate physiological uptake was observed in
the liver which decreased rapidly over 24 h. Radioactiv-
ity measurements showed higher *™Tc-fucoidan uptake
in plasma as compared to whole blood, perhaps due to
non-specific binding to proteins within plasma. Previ-
ous in vitro studies with whole human blood have dem-
onstrated that the binding of *™Tc-fucoidan to human
platelets increases with the level of platelet activation
and that *™Tc-fucoidan further blocks binding sites for
anti—P-selectin antibody in activated platelets, indicat-
ing a specific interaction between *™Tc-fucoidan and
P-selectin [10, 12].

Our findings are in agreement with prior biodistribu-
tion studies of radiolabeled fucoidan in animals, which
also demonstrated rapid renal excretion and moderate
liver uptake [4, 13]. Radioactive metabolites of *™Tc-
fucoidan may contribute to the high uptake observed in
the liver, kidneys, and urinary bladder, but we did not
assess the metabolism of *™Tc-fucoidan in this study.

Typically, the presence of free technetium indicating
degradation of the tracer can be detected as radioactive
accumulation in a thyroid gland and stomach. In the bio-
distribution study in rats [4] and in our study, the thyroid
and stomach uptake of **™Tc-fucoidan was comparable
between every time point. Given the similarity in biodis-
tribution patterns between rodents and humans observed
in our study, the *™Tc-fucoidan is likely metabolized in a
similar manner in humans. However, the metabolism of
9mTec-fucoidan in humans has to be confirmed in future
studies.

Blood, brain and myocardial uptake of *™Tc-fucoidan
was low compared to other tracers used in cardio-
vascular imaging, such as ®F-FDG. This could offer
significant advantages for the clinical integration of
9mTe-fucoidan in cardiovascular research, as it elimi-
nates the potential hindrance of myocardial spillover.
Furthermore, the estimated total-body absorbed dose
of #™Tc-fucoidan (0.012 mSv/MBq) is within the range
of BE-FDG (0.015 mSv/MBq) [18] and other existing
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Fig. 2 Biodistribution of *™Tc-fucoidan Time activity curves of (A) total body, liver and (B) other organs as determined using planar scintigraphy.
(C) Radioactivity in whole blood and plasma samples were measured using a well counter and decay-corrected for the time of injection. (D) Urine
samples were measured and corrected for total volume of urine collected and duration of time intervals

9mTe labeled tracers (0.006—0.010 mSv/MBq) used for
myocardial perfusion imaging [19] or detection of car-
diac amyloidosis [20], bladder being the dose limiting
organ. The bone marrow absorbed dose was calculated
based on the source organ model, which may have under-
estimated the actual bone marrow dose. A single dose of
9mTe-fucoidan did not exhibit any side effects in healthy
volunteers.

Next, we examined the binding of *™Tc-fucoidan to
freshly prepared human thrombi from 11 volunteers.
In vitro studies haves shown that *™Tc-fucoidan binding
to platelets is increased when the platelets are adhered
to fibrinogen-coated plates resembling activation [13].
We extended this finding by demonstrating a reduc-
tion in *™Tc-fucoidan uptake when the ex vivo thrombi
were co-incubated with SLe*. Whilst a reduction of 16%
does not indicate a complete blocking of P-selectin, it
should be noted that significantly higher concentra-
tion of *™Tc-fucoidan were utilized compared to those
used in the clinical studies. This disparity in concentra-
tion likely contributed to a higher degree of non-specific
uptake, thereby resulting in the less pronounced block-
ing effect observed. Moreover, the ex vivo incubation

time of **™Tc-fucoidan (1 h) was substantially long, since
we desired to mimic the scanning time in clinical stud-
ies (2 h), although it may be that only a few minutes are
needed to reach the maximal binding of **™Tc-fucoidan/
SLe* to P-selectin. Previous in vitro studies [12] have
used pharmacological agents to activate thrombus fur-
ther that could have also increased the expression levels
of P-selectin in our experiment and hence, facilitate the
ligand binding and blocking effect.

Taking these limitations into account, the observed
results are indicative of specific binding of *™Tc-
fucoidan to P-selectin expressed on human thrombi
ex vivo. The inhibition of uptake in the presence of SLe*
underscores the importance of specific molecular inter-
actions, likely involving selectin-based adhesion mecha-
nisms, which are well-established in thrombus formation
[21]. This finding not only highlights the unique binding
properties of *™Tc-fucoidan but also raises intriguing
possibilities for its potential clinical applications in tar-
geting thrombotic events with high precision. Almost a
decade ago, focal vascular uptake of gallium-68-labeled
fucoidan was detected in atherosclerotic apolipoprotein
E-deficient mice by in vivo PET/MR. This uptake was
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Table 2 Estimated organ radiation doses

(2024) 14:112

Target organ Organ dose (mSV/MBq)

Adult Male Adult Female
Adrenals 7.03*+6.37%107 3.39%10*+347%107
Brain 155107 +2.54*10™ 1.27%107°+3.95*%107°
Breasts 2.77¥10744937%107
Esophagus 138%1073+2.29%1073 362107 +1.06%10~
Eyes 0.00%10°+0.00*10° 0.00%10°+0.00%10°
Gallbladder Wall 483¥1074+6.04*107* 2.14%¥107+1.88%107
Left colon 2.28%107°+3.68%107 438¥1071+2.52%107
Small intestine 516107 +7.26*107 242¥107*£4.42%107
Stomach Wall 502%1073+7.74¥1073 131%1073+657%107*
Right colon 2.15%1073+3.69%1073 431%107+2.22%10™
Rectum 9.23*107*+1.91*1073 1.06%1074+508%107°
Heart Wall 3.19%107+521*107 7.06¥107° £6.64*107°
Kidneys 1.75%107342.92%1073 148%1073+2.71%1073
Liver 256¥1073+1.14%1073 201%1073+9.55%10~
Lungs 343*107°+4.51%1073 149%1073+6.94%107°
Ovaries 191%1074+4.66%107°
Pancreas 446*1074+681%107* 1.70%107*+1.06¥107*
Prostate 181%1074+3.70%107*

Salivary Glands
Red Marrow

Osteogenic Cells

3.78%1073+7.34*1073

10”
10~
5.02%107*+847*107
10°
590%10*+1.17%1073

155107 +6.43%107°

5.61*1074+1.90%
6.92*107 +1.76*

10
107
107
10

-4

Spleen 1505103 +1.99%1073 5.18%107+2.91*
Testes 5.56%10 73+ 1.04%107?

Thymus 2.79%107*+5.54%107 4155107 +123%107
Thyroid 157%1073+2.98%1073 1.12%1074+2.20%107°
Urinary BladderWall ~ 1.83%103+3.14¥103 646107 +2.82%107
Uterus 2.88*107°+8.96*107°
Total Body 1.12%1072+3.71%1073 1.11%10 724536107

Estimated radiation doses per organ as calculated using ICRP-89 models in
OLINDA/EXM-based dosimetry

also significantly reduced after blocking with SLe* [4].
Furthermore, *™Tc-fucoidan SPECT/CT was able to
detect the presence of thrombi in abdominal aortic aneu-
rysm and endocarditis rat models [13] paving the way for
the evaluation of P-selecting imaging in clinical setting.
We envisioned that *™Tc-fucoidan may bear clini-
cal utility for the differentiation between recurrent and
residual thrombosis, a common clinical problem [22].
Therefore, as proof of concept, we conducted **™Tc-
fucoidan SPECT imaging in three patients with a recently
diagnosed DVT. Focal tracer uptake was clearly visible in
one DVT case. However, the remaining 2 scans showed
no focal uptake of *™Tc-fucoidan in the affected veins.
This apparent discrepancy may have several explanations.
First, it could be that detection by *™Tc-fucoidan is pre-
dominantly present on fresh thrombi strongly expressing
P-selectin and without having a tight fibrin cap. Indeed,
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Fig. 3 Ex vivo “™Tc-fucoidan binding in human thrombi Binding
of ®MTc-fucoidan to human thrombi ex vivo, with and without
blocking agent Sialyl Lewis X. “"Tc-Fu indicates *Tc-labeled
fucoidan; and SLeX, Sialyl Lewis X

the time varied between the onset of deep vein throm-
bosis and admission to the hospital among the patients.
Second, thrombi are heterogeneous in nature and include
varying degrees of fibrin, activated platelets, leukocytes,
erythrocytes, and neutrophil extracellular traps. Thrombi
biological components also vary among the arterial,
venous, and microcirculatory compartments. To our
knowledge, there has been one other *™Tc-labeled tracer
investigated for the detection of DV'T [23]. “™Tc-apcitide
is a synthetic polypeptide, which binds to glycoprotein
IIb/IIIa receptors, expressed also on activated platelets.
In 2008, Dunzinger et al. demonstrated that with *™Tc-
apcitide they were able to identify acute clot formation in
14 out of 16 patients with DVT, up to 17 days after onset
of clinical symptoms. However, this tracer failed to detect
pulmonary embolism.

However, with the given discrepancy that *™Tc-
fucoidan was able to detect only 1 out of 3 DVTs in this
proof of concept study, further clinical development of
9mTe-fucoidan as an imaging approach for patients with
DVT is not warranted. Other potential clinical applica-
tions for this technetium-99m-labeled P-selectin tracer
where endothelial activation plays a critical role may
be considered, such as imaging of arterial thrombosis,
large vessel vasculitis, myocarditis, or vascular inflam-
mation due to rheumatoid arthritis or novel anti-cancer
therapies.

Limitations of this study include the small sample size.
While a statistically significant outcome was achieved
in the in vitro experiment, caution should be exercised
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Fig. 4 Focal uptake of “™Tc-fucoidan in deep vein thrombosis of the left popliteal vein *™Tc-fucoidan SPECT/CT image of a 50-year-old
woman recently diagnosed with a deep vein thrombosis of the left popliteal vein. Focal uptake can be observed at the thrombus site. The scale

bar is measured in absolute counts

when interpreting these data. Additionally, despite the
recent advances in SPECT technology, SPECT has a
lower spatial resolution compared to other imaging
modalities such as PET and MR], that may be a challenge
in pinpointing the exact location of tracer binding within
the small structures like vasculature.

Conclusion

9mTe fucoidan, the P-selectin targeting SPECT tracer
has a favorable safety profile combined with an accept-
able estimated total-body absorbed dose. Nonethe-
less, the in vivo results do not support further clinical
investigation of **™Tc-fucoidan as an imaging modal-
ity for DVT. Other clinical implementations of a tech-
netium—99m-labeled P-selectin tracer should be
considered.
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