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The diagnosis of deep venous thromboembolic disease is still
challenging despite the progress of current thrombus imaging
modalities and new diagnostic algorithms. We recently reported
the high target uptake and thrombus imaging efficacy of the
novel fibrin-specific PET probe 84Cu-FBP8. Here, we tested the
feasibility of 4Cu-FBP8 PET to detect source thrombi and cul-
prit emboli after deep vein thrombosis and pulmonary embolism
(DVT-PE). To support clinical translation of 84Cu-FBP8, we per-
formed a human dosimetry estimation using time-dependent
biodistribution in rats. Methods: Sprague-Dawley rats (n = 7)
underwent ferric chloride application on the femoral vein to trig-
ger thrombosis. Pulmonary embolism was induced 30 min or 2 d
after DVT by intrajugular injection of a preformed blood clot
labeled with 125I-fibrinogen. PET imaging was performed to detect
the clots, and SPECT was used to confirm in vivo the location of the
pulmonary emboli. Ex vivo y counting and histopathology were used
to validate the imaging findings. Detailed biodistribution was per-
formed in healthy rats (n = 30) at different time points after 84Cu-
FBP8 administration to estimate human radiation dosimetry. Lon-
gitudinal whole-body PET/MR imaging (n = 2) was performed after
64Cu-FBP8 administration to further assess radioactivity clearance.
Results: 4Cu-FBP8 PET imaging detected the location of lung
emboli and venous thrombi after DVT-PE, revealing significant
differences in uptake between target and background tissues
(P < 0.001). In vivo SPECT imaging and ex vivo y counting con-
firmed the location of the lung emboli. PET quantification of the
venous thrombi revealed that probe uptake was greater in youn-
ger clots than in older ones, a result confirmed by ex vivo anal-
yses (P < 0.001). Histopathology revealed an age-dependent
reduction of thrombus fibrin content (P = 0.006), further support-
ing the imaging findings. Biodistribution and whole-body PET/
MR imaging showed a rapid, primarily renal, body clearance of
64Cu-FBP8. The effective dose was 0.021 mSv/MBq for males
and 0.027 mSv/MBq for females, supporting the feasibility of
using 84Cu-FBP8 in human trials. Conclusion: We showed that
64Cu-FBP8 PET is a feasible approach to image DVT-PE and that
radiogenic adverse health effects should not limit the clinical
translation of 64Cu-FBPS.
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Despite recent advances, limitations remain in the tests used
to diagnose acute pulmonary embolism (PE) and deep vein throm-
bosis (DVT). Although contrast-enhanced CT has become the gold
standard for PE (/,2), its sensitivity decreases as the location of the
PE becomes more distal (3). Furthermore, contrast-enhanced CT is
contraindicated in patients with poor renal function because of the
risk of contrast-induced nephrotoxicity. Ventilation—perfusion lung
scanning has a specificity comparable to thoracic CT (4,5), but its
sensitivity is lower (4), and there are often uninterpretable scans.
Diagnosis of DVT involves clinical prediction guide, D-dimer, and
venous ultrasound, but again there are limitations. Up to 10% of
patients with a moderate-to-high clinical suspicion for DVT will
have DVT despite a normal venous ultrasound (6). Ultrasound
may not distinguish old from new disease when there is suspicion
of recurrent DVT (7). Finally, ultrasound is technically difficult in
obese or edematous patients, is not possible for imaging the pelvic
veins, and is not possible in the presence of orthopedic casts and
other immobilization devices. Venography or contrast-enhanced CT
may be used, but these are avoided in patients with renal insuffi-
ciency (8). Furthermore, neither ultrasound nor CT is informative
about the composition of the thrombus and the fibrin content, al-
though therapeutic strategies (e.g., thrombolysis vs. thrombectomy)
may benefit from such information (9).

Direct targeting of the thrombus components using molecular
imaging offers instead a noninvasive solution with high sensitivity and
specificity as well as potential whole-body applications (/0). In par-
ticular, fibrin is an ideal target for molecular imaging of thrombosis
because it is present at high concentrations in both venous and arterial
clots but not in circulating blood, resulting in potential high sensitivity
and specificity of detection (/7). We recently screened a series of
fibrin-binding PET probes (/2—16). These probes were based on short
6-aminoacid cyclic peptides that displayed submicromolar affinity for
fibrin and high selectivity (>100-fold) for fibrin over fibrinogen or
plasma proteins (17,18). The probe **Cu-FBP8 emerged as the best
candidate for further testing because of its high affinity for fibrin, fast
blood clearance, and high metabolic stability (/6).
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In the present study, we aimed to assess the feasibility of **Cu-
FBPS8 PET as a single thrombus imaging approach to detect source
thrombi and culprit emboli in a model of venous thromboembolism.
Furthermore, we performed time-dependent biodistribution to esti-
mate the human dosimetry of *Cu-FBP8 to support its bench-to-
bedside translation.

MATERIALS AND METHODS

64Cu-FBP8

%4Cu-FBPS was synthesized in quantitative yield (purity > 99% by
high-performance liquid chromatography) as previously reported (/6),
with a specific activity of 6-12 GBg/p.mol. %*Cu-FBP8 comprises a cyclic
disulfide peptide FHCHypY(3-C)DLCHIL-PXD (Hyp = L-4-hydroxy-
proline; Y(3-Cl) = L-3-chlorotyrosine; PXD = para-xylenediamine)
conjugated to the chelator NODAGA (1,4,7-triazacyclononane, 1 -glutaric
acid-4,7-acetic acid) at the C and N termini and labeled with ®*Cu
(Supplemental Fig. 1; supplemental materials are available at http://
jnm.snmjournals.org). **Cu-FBPS has high affinity for the soluble fibrin
fragment DD(E) (K; = 430 nM), is stable in blood after intravenous
administration (>90% intact probe up to 4 h after injection), and clears
predominantly by the renal pathway (plasma half-life, 14 min) (/6).

Animal Model of DVT and PE

Animal experiments were performed in accordance with the
National Institutes of Health Guide for the Care and Use of Labora-
tory Animals (19) and were approved by the Institutional Animal Care
and Use Committee at Massachusetts General Hospital. Adult male
Sprague-Dawley rats (n = 7, 250-300 g; Charles River Laboratories)
were anesthetized with isoflurane (4% induction, 2%-2.5% mainte-
nance, in medical air) and placed supine on a homeothermic blanket.
PE was induced by injection of a preformed blood clot in the pulmonary
circulation from the external jugular vein (20). To identify the location
of pulmonary emboli, clots were prepared by mixing 200 wL of freshly
withdrawn arterial blood with '>I-fibrinogen (50 wL, 2 MBq), which
was converted to '2I-fibrin and incorporated into the thrombus (20).
The mixture was allowed to clot in a PE-90 tube for 2 h at room
temperature and then overnight at 4°C. The resulting '>°I emboli were
rinsed in saline and then stained with Evans blue dye (2% w/v, in sterile
saline; Sigma) before injection to enhance postmortem visualization.
Femoral vein thrombosis was induced in all animals by ferric chloride
application either 30 min or 2 d before pulmonary embolism to mimic
a DVT-PE scenario. DVT was induced using the ferric chloride model
(21). A small piece of filter paper was soaked for 1 min in a solution of
ferric chloride (25% w/v, in sterile saline; Sigma) and then applied on
the femoral vein for 5 min. At the end of the procedure, the surgical site
was rinsed with sterile saline to remove the excess of ferric chloride,
and the formation of the clot was confirmed by visual inspection.

Probe Administration and Imaging Protocol

Rats were positioned prone in a small-animal PET/SPECT/CT scanner
(Triumph; TriFoil Imaging) equipped with respiratory monitoring, heating
pad system, and inhalation anesthesia (isoflurane, 2%—2.5%). Instrument
calibration was performed with phantoms containing small known
amounts of radioactivity. Each rat was injected via the tail vein with
10 MBgq in a volume of 300 pL, followed by saline flush. The injected
dose was calculated by the difference of the radioactivity in the syringe
before and after the administration, as measured by a dose calibrator
(CRC-25PET; Capintec) (/4—16). The hindlimbs (isocenter: femoral vein)
were imaged first for 30 min starting 45 min after probe administration,
followed by a 90-min acquisition of the chest (isocenter: lungs) to detect
the pulmonary embolus. SPECT (energy peak, 35.5 keV * 15%; 4 de-
tector head mounting collimators equipped with 5 circular 2.5-mm pin-
holes; 90° rotation, 16 projections, 38 s per projection) was performed to
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image the 2T emboli. At the end of each PET imaging session, a CT scan
was obtained over 4.27 min with 512 projections and 2 frames per pro-
jection (peak tube voltage, 70 kV; tube current, 177 mA). A polyethylene
glycol—oated gold nanoparticle contrast agent (300 mg/kg, intravenous)
was injected before the CT scan for angiography. Gold nanoparticle cores
were synthesized by reduction of gold chloride with sodium citrate in
boiling water (Turkevich method). The cores were subsequently capped
with thiol-PEG-2000, purified via washing with phosphate-buffered saline
followed by centrifugation, concentrated to about 75 mg/mL, and steril-
ized via filtration before use (22).

PET, SPECT, and CT images were reconstructed using the LabPET
and the X-SPECT software (TriFoil Imaging) to a voxel size of 0.5 x
0.5 x 0.6 mm (PET), 1.3 x 1.3 X 0.9 mm (SPECT), and isotropic
0.3 mm? (CT). All images were corrected for decay, randoms, and
dead time, and the CT data were used to provide attenuation correction.
The PET data were reconstructed using a maximum-likelihood expec-
tation maximization algorithm run over 30 iterations, whereas for
SPECT data an ordered-subset expectation maximization algorithm
run over 5 iterations and 4 subsets was used. Reconstructed data were
quantitatively evaluated using AMIDE (23), by drawing volumes of
interest on the pulmonary or cardiac embolus (4.2 mm?) and adjacent
nonthrombosed lung and cardiac tissue (4.2 mm?), thrombosed and
contralateral veins (4.2 mm?), muscle (calf, 65.4 mm?), and bone (ster-
num and tibia, 4.2 mm?). Because the location of the pulmonary em-
bolus was different in each animal, volumes of interest were directly
drawn on fused PET/CT images. For the femoral thrombi, volumes of
interest were first placed on the vein using CT-only images and then
centered on the hot spot using fused PET/CT images. PET data are
expressed as percentage injected activity (dose) per cubic centimeter.

Ex Vivo Studies

Animals were euthanized at the end of the imaging experiments and
tissues harvested and processed for ex vivo analyses. The radioactivity
of the thrombosed and contralateral femoral veins, lung, heart, muscle,
and bone was quantified with a «y counter (Wizard?; PerkinElmer) to
determine the percentage injected activity (dose) per gram of tissue
(14-16). To further confirm the location of the '2°I emboli in PE studies,
samples were recounted after ®*Cu was fully decayed. Histopathology
was performed to evaluate thrombus morphology and composition.
Fresh-frozen, formalin-fixed vessels were cryosectioned (20-pm thick-
ness, 500-wm interval) to sample the entire length of the thrombus and
then stained using the trichrome method Martius scarlet blue (MSB),
which allows differentiation between erythrocytes (yellow), fibrin (purple-
red), and collagen (blue) (24). Color segmentation was performed using
ImageJ software (National Institutes of Health); the total fibrin
volume for each thrombus was obtained by integrating the sum of the
areas occupied by the fibrin with the interval between adjacent sections
(25-27). This method shows high correlation with fibrin quantification
obtained with Western blot analysis (25-27). To confirm the specificity
of our staining in detecting fibrin, adjacent histologic slices were stained
with hematoxylin and eosin, MSB, and an antifibrin a-chain antibody
(U45, 10 pg/mL; Abcam), as previously reported (/5). Negative control
experiments were performed by omitting the primary antibody. Images
were acquired using a microscope equipped with epifluorescence illu-
mination (TE-2000; Nikon).

Human Dosimetry Estimation from Animal Biodistribution
and Whole-Body PET/MR Imaging

Biodistribution of ®*Cu-FBPS in healthy rats was performed after in-
travenous administration of the probe (n = 30). Animals were euthanized
at 5 min, 30 min, 3 h, 6 h, and 24 h after injection (3 males and 3 females
per time point), and the following tissues and organs were collected:
blood, lungs, liver, spleen, kidneys, bladder (empty), muscle (left rectus
femoris), fat, heart (empty), brain, bone (left femur), adrenals, stomach
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FIGURE 1. ©4Cu-FBP8 PET imaging of pulmonary embolism. Experi-
mental scheme and imaging time points are shown at top. CT, PET, and
fused images from representative animal injected with 64Cu-FBP8 after
induction of PE showing embolus detection in right middle lobe (arrows).

(empty), small intestine (empty), urine, uterus, and ovaries. The radioac-
tivity in each tissue was measured to obtain time-activity curves and
expressed as percentage injected activity (dose) per organ. Total blood
volume and total mass for bone, muscle, and fat were estimated accord-
ing to previously published methods (28,29). Animal data were extrapo-
lated to obtain dose estimates for humans using the percentage kg/g
method (30). The human dosimetry estimation was performed using
the OLINDA/EXM (version 1.0; Vanderbilt University, 2003) software
to provide quantitative information on the amount of **Cu radioactivity
that accumulates in tissues and organs (37). A small cohort of healthy rats
(n = 2, 1 male and 1 female) was imaged in a clinical PET/MR scanner,
as previously reported (/2,13). Rats were imaged for 60 min starting 2
and 24 h after **Cu-FBP8 injection. Additional information is reported in
the supplemental data.

Statistics

Data are shown as box-and-whisker plots (whiskers, full range; box,
25%—75%; line, median; cross, mean). Differences between groups were
analyzed using the unpaired 2-tailed ¢ test and 1-way ANOVA followed
by Tukey post hoc test. The Pearson correlation coefficient was com-
puted to assess the quality of linear correlations, and a t statistic was
calculated on the basis of the null hypothesis that the correlation co-
efficient was zero. A P value of less than 0.05 was considered significant.

RESULTS

Detection of DVT-PE with 84Cu-FBP8 PET

Rats, with a femoral vein thrombus and an embolus to either the
lungs or the heart chambers, were imaged according to the scheme
depicted in Figure 1. %Cu-FBP8 PET identified emboli in the lungs
(6 rats) and cardiac chambers (1 rat) after thromboembolism via the
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jugular vein, with the pulmonary embolus mainly affecting the right
middle and inferior lobes (Supplemental Video 1). Emboli were prela-
beled with '>I-fibrinogen, and SPECT imaging confirmed in vivo that
the location of the clots detected with %*Cu-FBP8 PET corresponded to
the 1231 emboli (Fig. 2). PET quantification showed significant differ-
ences in probe uptake between the emboli and the nearby background
tissues. The presence and the location of the emboli were further
confirmed after dissection of individual lung lobes and heart and by
~ counting of the '?°I radioactivity. **Cu-FBP8 PET allowed the local-
ization of femoral vein thrombi in the same animals with PE (Fig. 3).
One rat underwent bilateral DVT 2 d and 30 min before PE to show
fibrin uptake in the same subject bearing 2 thrombi of different age.
PET quantification showed significant differences in target uptake be-
tween younger and older thrombi and between clots and background
tissues. After euthanasia, the presence of the thrombi was confirmed in
every animal by inspection of the vessels. Biodistribution analysis
confirmed that the probe uptake of the fresher thrombi was higher than
the uptake of the older clots. Pearson analysis showed a positive cor-
relation between the probe uptake detected with PET quantification and
v counting. Detailed histopathology confirmed the presence of fibrin-
rich venous thrombi in every animal (Fig. 4). MSB staining and vol-
umetric quantification based on color segmentation revealed greater
fibrin content in the hyperacute thrombi than in the subacute clots.

Human Dosimetry Estimation for 4Cu-FBP8 from
Animal Biodistribution

Detailed biodistribution revealed rapid clearance of the probe
from the blood compartment as well as from muscle tissue, heart,
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FIGURE 2. Multimodal imaging of thromboembolism. Representative
multimodal PET/SPECT/CT images showing embolus detected in car-
diac chamber (A, arrows) and colocalization of hyperintense region in
SPECT image ('251 embolus, arrow) and hot spot detected with 84Cu-
FBP8 PET (90 min after injection). (B) PET quantification reveals signif-
icant differences in uptake between target embolus, located either in
lungs or in heart and adjacent background tissues. (C) Representative
images of lung lobe harvested after PE revealing presence of embolus.
One rat was transcardially perfused with saline to enhance postmortem
visualization of Evans blue-labeled embolus (arrow). (D) Ex vivo imaging
performed on dissected lung lobes confirms presence of hot spots
consistent with 84Cu-FBP8 PET uptake (yellow arrow). 251 embolus
(red arrow) was imaged along with lung samples to confirm absence
of activity spillover between SPECT and PET. *P < 0.001, 1-way ANOVA
followed by Tukey post hoc test. n = 7.
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FIGURE 3. 64Cu-FBP8 PET imaging of DVT. (A) Representative PET/
CT images of hyperacute (~1 h old) and subacute (48 h old) femoral vein
thrombi detected 45 min after probe administration. Target uptake of
hyperacute (red arrow) and subacute (blue arrow) clots shown in same
animal (bottom). Activity in bladder (b) is off scale. (B) Significant differ-
ences in target uptake between younger (hyperacute, n = 4) and older
(subacute, n = 4) thrombi and between clots and background tissues
and positive correlation between thrombus uptake assessed with PET
imaging and y counting. *P < 0.001, 1-way ANOVA followed by Tukey
post hoc test. n = 7.

and lungs (Table 1). No relevant uptake was detected in the di-
gestive tract, adrenals, spleen, bone, fat, and reproductive organs.
Kidneys showed the highest uptake and retention, confirming the
primary renal elimination of *Cu-FBP8 (16). Activity levels in the
bladder wall peaked at 30 min after probe administration and then
rapidly decreased, consistent with the fast urinary excretion of the
probe. Notably, the liver, a target organ for unchelated ®*Cu, showed
low radioactivity retention. Longitudinal whole-body PET/MR im-
aging confirmed the overall low retention of ®*Cu-FBPS in all body
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regions and prevalent renal elimination (Fig. 5). One day after probe
administration, low kidney retention was mainly localized in the
renal cortex. Complete human dosimetry estimates are reported in
Supplemental Table 1. Kidneys appeared as the primary critical
organs, followed by the urinary bladder and liver (Table 2). We
estimated the effective dose for humans to be 0.021 mSv/MBq
for males and 0.027 mSv/MBq for females.

DISCUSSION

The aim of this study was to test the feasibility of **Cu-FBP8 PET
as a thrombus imaging approach to detect both source thrombi and
culprit emboli after DVT-PE and to provide human dosimetry esti-
mates to support the clinical translation of *Cu-FBPS. We recently
showed that ®*Cu-FBPS has high target uptake, rapid systemic clear-
ance, and low off-target retention in a model of mural carotid artery
thrombosis (/6). Here, we extended these results showing that ¢4Cu-
FBP8 PET is suitable for imaging thrombi and emboli in different
vascular territories and anatomic locations including veins, pulmo-
nary arteries, and cardiac chambers. Pulmonary emboli and deep
vein thrombi were clearly detected after probe injection, suggesting
that **Cu-FBP8 PET may facilitate the evaluation of thromboem-
bolic phenomena using a whole-body, molecular imaging approach.

Molecular SPECT imaging of pulmonary emboli with the **™Tc-
labeled anti—D-dimer antibody DI-80B3 has recently shown good
accuracy and safety in preclinical studies and a small phase 2 human
trial (32,33). Although the clinical performance of **Cu-FBP8 PET
remains to be demonstrated, the high thrombus uptake observed in
this study for both PE and DVT suggests the potential of this mo-
lecular imaging approach using PET. The high target-to-background
contrast may allow imaging of emboli in the distal branches of the
pulmonary circulation, detected with lower sensitivity by CT angi-
ography (3). Moreover, ®*Cu-FBP8 PET may provide an alternative

anti-Fibrin

Fibrin volume (mm
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Hyperacute Subacute

FIGURE 4. Histopathology of venous thrombi. (A) Adjacent histologic
sections obtained from venous thrombus and stained with hematoxylin
and eosin (H&E), MSB, and antifibrin antibody showed congruent local-
ization of fibrin (asterisk), confirming selectivity of MSB staining for fibrin.
(B) Representative coronal sections of venous thrombi stained with MSB
showing age-dependent changes in thrombus composition. Color seg-
mentation analysis for fibrin (FIB SEG) performed on MSB-stained sec-
tions showing fibrin detection. (C) Volumetric quantification of thrombus
composition revealed age-dependent reduction of fibrin content. Scale
bars are 0.2 mm. *P = 0.006, unpaired 2-tailed t test. n = 4/group.
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TABLE 1

Biodistribution of 84Cu-FBP8 in Healthy Rats

Organ 5 min 30 min 3h 6h 24 h
Liver 7.385 + 0.838 5.820 + 0.479 1.175 £ 0.276 1.390 + 0.079 0.259 + 0.032
Kidneys 19.787 + 1.694 20.520 * 6.655 14.908 + 3.386 11.663 + 1.466 2.946 + 0.796
Lungs 0.961 + 0.159 0.471 £ 0.075 0.038 + 0.007 0.053 + 0.008 0.009 + 0.001
Spleen 0.261 + 0.046 0.192 + 0.040 0.019 + 0.002 0.028 + 0.008 0.006 + 0.001
Bladder 0.078 + 0.030 0.193 + 0.087 0.010 + 0.005 0.005 + 0.001 0.0008 + 0.0002
Heart 0.321 + 0.026 0.159 + 0.023 0.013 + 0.002 0.018 + 0.003 0.006 + 0.001
Brain 0.055 + 0.012 0.037 + 0.004 0.004 + 0.001 0.005 + 0.001 0.002 + 0.001
Adrenals 0.036 + 0.009 0.018 + 0.005 0.003 + 0.001 0.004 + 0.003 0.0009 + 0.0003
Stomach 0.722 + 0.096 0.441 + 0.055 0.058 + 0.013 0.068 + 0.010 0.012 £ 0.002
Small intestine 1.854 + 0.462 1.390 + 0.311 0.255 £ 0.153 0.204 £ 0.077 0.054 £ 0.012
Uterus 0.423 + 0.161 0.196 + 0.027 0.024 + 0.012 0.029 + 0.005 0.005 + 0.001
Ovaries 0.070 + 0.013 0.039 + 0.008 0.005 + 0.001 0.007 + 0.002 0.0013 + 0.0001
Blood 16.046 £ 2.363 7.076 £ 1.611 0.378 £ 0.062 0.542 £ 0.057 0.123 £ 0.019
Muscle 14.412 + 2.549 10.222 + 3.781 0.807 + 0.138 0.891 + 0.367 0.248 + 0.056
Fat 1.473 £ 0.685 0.856 + 0.158 0.154 + 0.113 0.052 + 0.019 0.013 £ 0.003
Bone 3.184 + 0.658 1.784 + 0.312 0.401 + 0.240 0.372 + 0.081 0.095 + 0.018

Data are group mean of percentage injected activity (dose) per organ + SD. Data are reported without applying decay correction.
n = 6/group (3 males and 3 females); data for ovaries and uterus are n = 3/group.

to contrast-enhanced CT for detection of PE in renally insufficient
patients. In terms of DVT, ®*Cu-FBP8 PET is not limited to the legs
but could also be used to detect thrombi in iliac veins and calves,
where ultrasonography has shown reduced efficacy (34). A concern
in evaluation of DVT is delineating new thrombus from old clot in
patients with a suspicion of recurrent DVT. Our findings in imaging
animals with hyperacute versus days-old thrombi demonstrated that
probe uptake was proportional to fibrin content and suggest that

FIGURE 5. Whole-body ¢4Cu-FBP8 PET/MR. Representative decay-
corrected fused PET/MR images obtained from 60-min scans started 2
and 24 h after injection of 64Cu-FBP8. Activity levels in renal cortices
and urine are out of scale. n = 2. Bl = bladder; H = heart; K = kidney;
L = lungs; Li = liver; S = stomach.
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64Cu-FBP8 PET may be able to distinguish new from recurrent
DVT. The ability of **Cu-FBP8 PET to detect differences in fibrin
content may also inform interventional procedures. Younger thrombi
are usually richer in fibrin and more likely to get lysed than mature,
organized clots (35). Therefore, noninvasive assessment of clot com-
position may be useful for thrombus staging and to facilitate thera-
peutic choices (9). The ability of ®*Cu-FBP8 PET to detect both
source thrombus and emboli in a single examination may also guide
treatment decisions such as placement of a filter in the vena cava to
prevent PE. Finally, **Cu-FBP8 PET offers the ability to monitor
the effect of treatment. We recently showed that “*Cu-FBP7, a close
analog of ®*Cu-FBPS, could be used to monitor thrombolysis after
embolic stroke in rats (/5), and therefore we can anticipate compa-
rable efficacy of **Cu-FBP8 to monitor treatment.

64Cu is produced in a biomedical cyclotron by ®*Ni(p,n)**Cu
reaction, and although its availability is limited compared with
other PET medical isotopes, its use has increased tremendously in
recent years. A potential concern when using long-lived isotopes
such as %4Cu is the unfavorable dosimetry, which would limit the
dose and result in poor image quality. However %*Cu-FBP8 has high
metabolic stability, extracellular distribution, and rapid renal elim-
ination, resulting in effective doses that are similar to '8F-FDG and
%8Ga-DOTATOC (36,37) and 40% lower than the hypoxia marker
64Cu-diacetyl bis(N*-methylthiosemicarbazone) (38). In the present
study, the kidneys showed the highest absorbed dose, which may be
further reduced in humans by increasing fluid intake and voiding
more frequently after probe administration. On the other hand, the
longer half-life of %*Cu-FBP8 may be advantageous. In fact, it
allows synthesis of the molecular probe in advance and even ship-
ment-on-demand to sites far from a cyclotron, as well as delayed
imaging when the activity in the systemic circulation is depleted but
the activity in the thrombus would remain high, as we have shown
(16). Finally, the simple and quantitative radiolabeling procedure
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TABLE 2
Human Dosimetry Estimation

Organ Adult male Adult female
Kidneys 0.441 0.478
Liver 0.034 0.046
Bladder 0.146 0.198
Small intestine 0.008 0.009
Adrenals 0.007 0.009
Effective dose 0.021 0.027

Absorbed doses (a + B + photons) of main target organs and
weighted effective doses are expressed as mSv/MBg.

for ®*Cu-FBPS is also amenable to kit formulation, which would
further lower the barrier to clinical adoption.

CONCLUSION

64Cu-FBPS8 PET is a feasible approach for whole-body thrombus
detection, and the favorable dosimetry of ®*Cu-FBP8 in rats sup-
ports the translation in human trials.
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