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Abstract
Purpose N-benzyl-N-methyl-2-[7, 8-dihydro-7-(2-[18F] fluoroethyl) -8-oxo-2-phenyl-9H-purin-9-yl] acetamide  ([18F] 
FEDAC) is a novel positron emission tomography (PET) tracer that targets the translocator protein (TSPO; 18 kDa) in the 
mitochondrial outer membrane, which is known to be upregulated in various diseases such as malignant tumors, neurode-
generative diseases, and neuroinflammation. This study presents the first attempt to use  [18F]FEDAC PET/CT and evaluate 
its biodistribution as well as the systemic radiation exposure to the radiotracer in humans.
Materials and Methods Seventeen whole-body  [18F]FEDAC PET/CT (injected dose, 209.1 ± 6.2 MBq) scans with a dynamic 
scan of the upper abdomen were performed in seven participants. Volumes of interest were assigned to each organ, and a 
time–activity curve was created to evaluate the biodistribution of the radiotracer. The effective dose was calculated using 
IDAC-Dose 2.1.
Results Immediately after the intravenous injection, the radiotracer accumulated significantly in the liver and was subse-
quently excreted into the gastrointestinal tract through the biliary tract. It also showed high levels of accumulation in the 
kidneys, but showed minimal migration to the urinary bladder. Thus, the liver was the principal organ that eliminated  [18F] 
FEDAC. Accumulation in the normal brain tissue was minimal. The effective dose estimated from biodistribution in humans 
was 19.47 ± 1.08 µSv/MBq, and was 3.60 mSV for 185 MBq dose.
Conclusion [18F]FEDAC PET/CT provided adequate image quality at an acceptable effective dose with no adverse effects. 
Therefore,  [18F]FEDAC may be useful in human TSPO-PET imaging.
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Introduction

The 18-kDa translocator protein (TSPO) is expressed 
mainly in the outer mitochondrial membrane and was first 
identified as a receptor for benzodiazepines in 1977 [1, 2].
TSPO is involved in fundamental cellular functions such 
as steroid synthesis, heme biosynthesis, cell growth, and 
response to oxidative stress [3]. Since increased TSPO 
expression occurs in various diseases such as inflammation 
or degeneration of the central nervous system, malignant 
tumors, and myocardial infarction, TSPO-specific ligands 
have received much attention [4–6]. Positron emission 
tomography (PET) scanning with a radiolabeled TSPO 
probe allows for noninvasive and objective assessment of 
TSPO expression in vivo. The first PET ligand utilized for 
clinical imaging of TSPO was PK11195; however, its non-
specific binding and poor signal-to-noise ratio [7, 8] have 
necessitated the development of new and improved PET 
ligands that selectively bind to TSPO [9]. Therefore, vari-
ous second-generation TSPO-PET ligands were developed, 
including AC-5216 and  [11C]DAC. We recently developed 
a novel TSPO radioligand, N-benzyl-N-methyl-2-[7, 
8-dihydro-7-(2-[18F]fluoroethyl) -8-oxo-2-phenyl-9H-pu-
rin-9-yl] acetamide  ([18F]FEDAC), using  [11C]-DAC as the 
leading compound. It showed strong binding affinity and 
selectivity for TSPO. Furthermore, because it is labeled 
with 18F, it had a longer half-life and a lower energy dose 
than 11C formulations, allowing better image quality [10]. 
PET imaging studies using  [18F]FEDAC in small animals 
have shown that it can be used for quantitative analysis 
with vivo imaging [11].

[18F]FEDAC PET imaging has been used in various 
animal disease models, such as neuroinflammation [12], 
steatohepatitis [13], atherosclerosis [14], heart failure [15], 
and collagen-induced arthritis [16], indicating its promise 
for clinical TSPO imaging. However, it has not yet been 
applied in humans. Therefore, in this study, whole-body 
PET/CT scans were performed to estimate the effective 
dose and the biodistribution of  [18F] FEDAC.

Materials and methods

Human participants

From August to December 2021, normal healthy volun-
teers were recruited for this first-in-human clinical PET/
CT imaging study, and seven male participants were 
included. The key eligibility criteria were as follows: (1) 
males aged 20 to 65 years and (2) BMI ≤ 25 kg/m2. The 
key exclusion criteria were as follows: (1) underlying 

severe disease or a history of severe disease, (2) substance 
dependence or alcohol addiction, and (3) administration of 
medical drugs within two weeks of examination. All par-
ticipants received a full explanation of the clinical study 
with the expected radiation exposure and provided written 
informed consent to participate.

Participants were 40 ± 12.2 years old and ranged in 
age from 24–61. The mean weight of the participants was 
74.0 ± 7.5 kg, mean height was 1.78 ± 0.06 m, and mean 
BMI was 23.4 ± 1.9.

The Certified Review Board (CRB3180004) approved 
this clinical trial (approval #L21-004), which was registered 
in the Japan Registry of Clinical Trials (jRCTs031210134). 
All procedures in this clinical trial were conducted in 
accordance with the 1964 Declaration of Helsinki and its 
later amendments.

Preparation and administration of  [18F] FEDAC

[18F]FEDAC was radiosynthesized in our laboratory by 
direct  [18F]-fluorination of the tosylated precursor using a 
previously published method [17]. We planned to administer 
 [18F]FEDAC intravenously at a dose of 3.7 MBq/kg ± 10%. 
When the subject weighed more than 60 kg, the adminis-
tered radioactivity was set at 222 MBq ± 10%.

PET/CT imaging data acquisition

The participants were required to fast for at least 5 h prior 
to the study. All PET/CT scans were obtained using Dis-
covery MI (GE Healthcare, Milwaukee, WI, USA), which 
provides 89 sections with an axial field of view (FOV) of 25 
cm. Computed tomography (CT) was performed before the 
emission scan for attenuation correction.

Immediately after intravenous rapid bolus injection of 
 [18F]FEDAC (mean injected dose, 209.1 ± 6.2 MBq; range, 
201.8–218.0 MBq/0.89 ± 0.22 μg; range, 0.66–1.28 μg), 
dynamic scan of the upper abdomen, including the heart, 
was performed for 4 min, followed by 17 static whole-body 
scans up to 90 min after the intravenous injection (Fig. 1).

All PET images were reconstructed in a 256 × 256 matrix 
using the ordered-subset expectation–maximization algo-
rithm with time-of-flight information. Corrections for scatter 
and random coincidences, dead time, and attenuation were 
performed as provided by the camera manufacturer.

Image analysis, biodistribution, and radiation 
dosimetry

PET/CT images were anonymized, stored in the DICOM 
format, and analyzed using PMOD software version 4.205 
(PMOD Technologies Ltd., Zurich, Switzerland). All images 
were reviewed by board-certified diagnostic radiologists with 
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over ten years of experience. A three-dimensional volume of 
interest (VOI) was placed on each organ in the PET and CT 
images. The semi-quantitative mean standardized uptake value 
(SUVmean) was used to assess the biodistribution of  [18F]
FEDAC in PET image analysis. Time–activity curves (TACs) 
for the first 5 min after injection of  [18F]FEDAC were obtained 
by measuring the radioactive concentrations in the VOIs speci-
fied in the dynamic scan images for the following organs and 
tissues that showed substantial accumulation of the radiotracer 
in the FOV: adrenals, alveolar-interstitial region, gallbladder, 
heart wall, kidneys, liver, pancreas, spleen, heart content, and 
red marrow. The VOI of red bone marrow was established in 
the lumbar vertebral bodies, assuming this to represent typi-
cal red bone marrow uptake [18]. The TACs of the radiotracer 
from 5 to 90 min were obtained from whole-body scan images 
at 5-min intervals, and VOIs for the brain, thyroid, and salivary 
glands were specified in addition to those for the organs and 
tissues specified in the dynamic scan images. The volumes of 
the organs and tissues in the adult male phantom [19] devel-
oped by the International Commission on Radiological Pro-
tection (ICRP) were used to calculate the total radioactivity 
in each organ and tissue from the radioactive concentrations 
in the VOIs (Bq/mL). The TAC of blood was calculated by 
assuming that the radioactivity in the heart was 9% of the total 
blood radioactivity [18] and the TAC of the remaining tis-
sue was determined so that the total radioactivity of the TACs 
equaled the remaining injected dose. Based on total disinte-
grations of  [18F] derived from manual numerical integration 
of the TACs by summing the radioactivity at each time step 
using Microsoft Excel, organ doses and effective doses for 
the reference person defined in ICRP Publ. 103 were assessed 
using IDAC-Dose 2.1 [20, 21].

Vital signs, blood and urine sampling, and analysis

Before and after the examination, we measured vital signs 
including blood pressure, pulse, and body temperature. 
Additionally, blood and urine tests were conducted before 
and after the examination. The details of these tests are as 
follows:

Blood tests: complete blood count, glucose, HbA1c, total 
bilirubin, AST, ALT, ALP, LDH, BUN, creatinine, total pro-
tein, and albumin.

Urine tests: glucose, protein, occult blood, urobilinogen, 
and ketone bodies.

Results

PET imaging and biodistribution of  [18F]FEDAC

Whole-body maximum-intensity projection images at 10, 
30, and 60 min after the intravenous administration of  [18F]
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FEDAC are shown in Fig. 2. The patterns of radiotracer 
accumulation showed no significant differences among the 
seven participants.

The SUVmean for accumulation in the blood pool 
increased to 9.47 at 1 min, decreased to 1.69 at 5 min, and 
then decreased gradually. Strong accumulation was also 
observed in the liver immediately after intravenous injec-
tion, with SUVmean reaching 8.79 after 5 min, after which 
accumulation in the liver decreased and moved from the bile 
duct to the gastrointestinal tract. (Figs. 2 and 3, Table 1).

[18F]FEDAC showed substantial accumulation in the 
myocardium, spleen, and kidneys. Moderate accumulation 
was observed in the lungs, adrenals, and red bone mar-
row. Despite the substantial accumulation in the kidneys 
(SUVmean > 5 at 1–5 min), urinary bladder accumulation 
after 60 min was 0.13% (0.01–0.34% injected dose (ID)). 
Radiotracer accumulation in the brain remained low from 
85 min post-administration.

10 min 30 min 60 min

PET PET/CT

60 min

MIP CT

0 6.0 0 6.0

Fig. 2  [18F]FEDAC-PET/CT Imaging in Normal Volunteer. Repre-
sentative images (MIP images after 10 min, 30 min, and 60 min after 
injection and axial images of the head, chest, and upper abdomen.). 
The first 10-min image shows strong accumulation in the lungs, heart, 

liver, spleen, kidney, and bone marrow. Subsequently, the accumula-
tion in the liver diminishes with time, and the radiotracer migration is 
seen from the bile duct to the gastrointestinal tract

Fig. 3  Time activity-curves 
of  [18F]FEDAC in each organ. 
Time activity-curves are shown 
in logarithmic graph. There is 
a strong accumulation in the 
blood immediately after admin-
istration, which diminishes 
shortly afterwards. While most 
organs reach a plateau after 
20 min, accumulation decreases 
with time in the spleen, liver, 
and lungs
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The SUVmean for accumulation in the red bone marrow 
was 2.63 at 5 min after administration; it gradually increased 
afterward and rose to 3.73 after 60 min.

Radiation dosimetry

High absorbed doses were observed in the liver, gallbladder, 
kidney, pancreas, and spleen, with the highest absorbed dose 
in the ventricular wall. Doses of the significant organs per 
unit administration (μGy/MBq) and effective doses (mSv) 
assessed for the seven participants are shown in Table 2. 
The overall trend for the organ doses was similar among 
the participants. The range of administered activity was 
201.8–218.0 MBq, and the variation of the effective doses 
was also minimal, i.e., 3.60 ± 0.15 mSv.

Safety evaluation

No adverse or clinically detectable pharmacological effects 
were observed in any of the seven participants. In addition, 
no significant changes were observed in vital signs or labora-
tory test results.

Discussion

This study aimed to facilitate clinical imaging using  [18F] 
FEDAC, a novel PET radiotracer for imaging the 18-kDa 
TSPO. This first-in-man study demonstrated the biodis-
tribution of and the radiation exposure associated with 
 [18F]FEDAC, which were similar to those of other agents 
reported to date, i.e., PK11195, PBR06, DAA1106, and 
FEDAA1106 [22–25]. The effective dose of  [18F]FEDAC 
was 19.47 μSv/MBq, which was similar to that of  [18F]

FDG (24 μSv/MBq) and comparable to those of other 
18F-labeled TSPO ligands (20.2 μSv/MBq for  [18F] FEPPA 
and 18.5 μSv/MBq for 18F-PBR06), which also showed 
almost similar radiation exposure [23, 26]. The organ with 
the highest radiation exposure was the heart (46.89 µGy/
MBq). The radiation dose for 185 MBq of FEDAC was 3.6 
mSv, which was well below the standard of 10 mSv. Thus, 
clinical examinations with  [18F]FEDAC can be performed 
more than once a year.

TSPO is highly expressed in the myocardium, kidneys, 
and adrenal glands, and FEDAC also showed substantial 
accumulation in these organs. The lungs also express high 
levels of TSPO, but radiotracer accumulation was relatively 
low because of the low tissue density. TSPO is expressed 
less in the liver; however, as with other tracers, substan-
tial accumulation is observed in the liver immediately 
after injection of the radiotracer. Accumulation in the liver 
decreased with time, and the radiotracer was transferred 
from the bile to the digestive tract, suggesting that the liver is 
the principal eliminating organ of  [18F]FEDAC. Unlike other 
agents, within the 90-min observation period after intrave-
nous injection, the proportion of the radiotracer transferred 
into the urine was small, and no accumulation was observed 
in the skull, ribs, or long bones, indicating that the  [18F]
FEDAC was not defluorinated.

In preclinical studies using rats, the accumulation of radi-
otracers in the liver was weak, which is the most significant 
difference from the findings obtained in animal models. This 
may reflect the differences in metabolic pathways between 
animal models and humans. However, the strong accumula-
tion in the ventricular wall and kidneys was consistent in 
human and animal models, which was considered to reflect 
the high expression of TSPO in tissues. The accumulation 
of  [18F]FEDAC in the brain tissue was minimal.

Table 1  Biodistribution and urine excretion of [18F]FEDAC in Normal volunteers. List of accumulation in each organ after injection. Urinary 
excretion was evaluated by % injected dose

Time (min) 1 3 5 10 20 30 40 60 80

Blood 9.47±1.52 3.32±0.23 1.69±0.25 1.37±0.25 1.10±0.24 1.02±0.25 0.93±0.25 0.92±0.25 0.89±0.27
Liver 4.79±0.80 8.06±1.05 8.79±0.99 8.23±1.10 6.91±1.36 5.91±1.38 5.21±1.25 4.32±1.02 3.86±0.81
Kidney 5.11±1.05 5.35±1.12 5.30±1.03 5.14±0.96 4.90±0.96 4.62±0.91 4.40±0.84 4.04±0.80 3.67±0.69
Lung 4.66±0.88 3.66±0.87 2.46±0.74 1.97±0.63 1.57±0.53 1.39±0.49 1.26±0.49 1.12±0.43 1.03±0.39
Myocardium 6.37±0.73 5.44±0.56 5.74±0.55 5.94±0.62 6.23±0.73 6.24±0.85 6.21±0.81 5.88±0.83 5.55±0.88
Spleen 9.80±1.95 11.42±1.88 10.33±1.82 8.80±1.83 6.85±1.55 5.67±1.25 4.90±1.07 3.91±0.71 3.35±0.52
Pancreas 3.98±0.73 3.58±0.62 3.75±0.70 3.84±0.64 3.84±0.59 3.76±0.48 3.61±0.42 3.39±0.33 3.14±0.31
Adrenals 3.55±0.79 3.65±1.07 3.94±1.19 3.92±1.11 3.88±1.04 3.81±0.90 3.66±0.91 3.49±0.82 3.17±0.78
Brain n.d. n.d. 0.50±0.11 0.47±0.10 0.45±0.10 0.44±0.10 0.44±0.10 0.43±0.09 0.41±0.09
Red Bone Marrow 2.06±0.29 2.27±0.28 2.63±0.34 2.87±0.37 3.22±0.45 3.40±0.41 3.54±0.45 3.73±0.54 3.91±0.57
Muscle n.d. n.d. 0.97±0.24 1.06±0.19 1.19±0.24 1.26±0.23 1.29±0.24 1.32±0.21 1.39±0.21

Time (min) 30 60 85

U.Bladder Content 0.06 (0.01–0.12) 0.13 (0.01–0.34) 0.19 (0.01–0.53)
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Since this is the first-in-human study of  [18F]FEDAC and 
the objective is to estimate safety and the biodistribution and 
radiation dose of the whole body, which required dynamic 
scan immediately after intravenous injection including the 
heart, the lungs, and the upper abdomen, followed by the 
whole-body static scans. Further studies are needed to eval-
uate the biodistribution of  [18F]FEDAC in brain tissue to 
apply for neurological diseases in the future.

The biodistribution of  [18F]FEDAC administered in this 
study varied slightly among the seven participants. Many 
second-generation TSPO-specific PET ligands have shown 
sensitivity variations associated with the RS6971 polymor-
phism. This genetic polymorphism results in large inter-
individual variability in radioligand binding and is a sig-
nificant obstacle to TSPO-PET imaging studies. To the best 
of our knowledge, the effect of the RS6971 polymorphism 
on  [11C]DAC or  [18F]FEDAC has not yet been reported. In 
this study, all seven participants showed high affinity for 
TSPO. According to the HAPMAP database, which is no 
longer publicly available, the proportion of patterns with 
no rs6971 mutations and high affinity in East Asian popula-
tions is 96.9%. Although the seven participants in our study 
were not genetically tested, they all probably showed an 

approximately similar pattern of accumulation because of 
their high affinity for the agent and the absence of genetic 
mutations. Additional studies on individuals with the 
RS6971 mutation are required.

Conclusions

Radiation dosimetry for the TSPO imaging agent  [18F]
FEDAC was performed in this first-in-man study. The effec-
tive dose for the adult model was estimated as 19.47 μSV/ 
MBq, similar to that for  [18F]-FDG. A diagnostic dose of 
185 MBq for  [18F] FEDAC is considered acceptable for its 
use as a diagnostic tool in TSPO imaging.

Acknowledgements We wish to express our heartfelt gratitude to the 
staff of the Department of Molecular Imaging and Theranostics, Insti-
tute for Quantum Medical Science, QST Hospital, Quantum Life and 
Medical Science Directorate, and the National Institute for Quantum 
Science and Technology (QST). Our deepest appreciation goes to Dr. 
Imabayashi, whose invaluable guidance and profound expertise have 
been instrumental in both the execution of our research and the compo-
sition of this manuscript. We also extend our warm thanks to our clini-
cal research coordinators, Ms. Kawakami and Ms. Yamashita. Their 

Table 2  Organ and Effective 
Doses for  [18F]FEDAC PET 
Imaging estimated based on 
ICRP Publ. 103. Effective dose 
was calculated according to 
Publication 103 of the ICRP

Organs [μGy/MBq] Sub. 1 Sub. 2 Sub. 3 Sub. 4 Sub. 5 Sub. 6 Sub. 7 Mean±s.d.

Adrenals 27.90 40.95 36.95 34.40 26.70 33.00 38.00 33.99±5.24
Brain 5.73 7.32 5.85 6.36 5.03 6.38 6.24 6.13±0.71
Breast 12.70 12.50 12.35 12.30 12.40 12.10 12.45 12.40±0.18
Colon Wall 13.55 13.75 13.65 13.90 13.65 14.25 13.80 13.79±0.23
Gallbladder wall 28.50 32.10 38.30 35.75 27.35 33.40 28.60 32.00±4.11
Heart wall 48.00 53.25 46.50 47.95 34.45 43.45 54.60 46.89±6.70
Kidneys 31.40 37.30 36.45 32.25 23.20 29.50 32.65 31.82±4.69
Liver 39.35 50.25 43.60 34.45 40.65 33.25 36.95 39.79±5.83
Lung 37.95 34.10 28.15 30.30 23.80 26.30 27.95 29.79±4.82
Muscle 11.60 11.09 11.55 11.75 12.25 11.95 11.85 11.72±0.36
Ovaries 15.60 15.00 15.50 16.20 16.30 16.70 16.00 15.90±0.57
Pancreas 29.35 36.35 36.15 31.50 26.60 31.00 34.95 32.27±3.69
Prostate 11.70 11.00 11.90 12.20 12.80 12.50 12.20 12.04±0.59
Red (active) Bone marrow 22.80 24.10 25.45 25.20 21.25 24.80 23.05 23.81±1.52
Salivary glands 17.25 23.95 20.75 21.45 14.30 19.80 24.25 20.25±3.56
Skin 8.79 8.44 8.69 8.92 9.23 9.10 8.97 8.87±0.26
Small intestine Wall 14.20 14.60 14.45 14.60 14.10 14.90 14.45 14.47±0.27
Spleen 32.20 35.70 31.20 28.95 24.00 23.85 32.85 29.82±4.50
Stomach wall 18.00 19.60 18.25 17.50 16.75 17.25 17.95 17.90±0.91
Testis 9.89 9.25 9.82 10.20 10.80 10.50 10.30 10.11±0.51
Thyroid 16.10 20.50 16.85 16.45 13.00 14.05 16.25 16.17±2.38
Ureters 15.05 15.00 16.00 15.75 15.75 15.75 15.60 15.56±0.38
Urinary bladder Wall 11.65 11.00 11.85 12.15 12.70 12.45 12.10 11.99±0.56
Uterine/Cervix 13.60 12.80 13.90 14.20 14.90 14.50 14.20 14.01±0.68
Effective dose [μSv/MBq] 20.20 21.10 19.80 19.50 17.70 18.70 19.30 19.47±1.08
Effective dose [mSv/185MBq] 3.74 3.90 3.66 3.61 3.27 3.46 3.57 3.60±0.20



270 Annals of Nuclear Medicine (2024) 38:264–271

diligent care for the study participants and facilitation of this research 
were indispensable to its success.

Author contributions KT1 and RN were responsible for the research, 
wrote the main manuscript text as the first author (KT1) and the cor-
responding author (RN) responsible for this study, and coordinated and 
supervised the entire study. HH, KK, and MRZ prepared and provided 
 [18F]FEDAC. TM is a radiological technologist responsible for PET/
CT scans and the image reconstruction for this study. KY, RN, and 
TH engaged in this clinical trial study, including the interpretation of 
the PET/CT images and the clinical management of the participants 
for the assessment of the safety test as nuclear medicine physicians. 
KT1 and KT2 were calculated, and analyzed all PET/CT parameters 
using the dynamic imaging data. KT2 contributed to the assessment 
of radiation dosimetry as a radiological technologist. RN, TH, and MJ 
were responsible for the statical analysis and provided technical advice 
for data management. All authors conducted this study and read and 
approved the final version of the manuscript.

Funding Institute for Quantum Medical Science, Quantum Life and 
Medical Science Directorate, National Institutes for Quantum Science 
and Technology (QST).

Data availability The datasets generated and/or analyzed during the 
current study are available from the corresponding author on reason-
able request.

Declarations 

Conflicts of interest There are no conflicts of interest to declare.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. Braestrup C, Albrechtsen R, Squires RF. High densities of 
benzodiazepine receptors in human cortical areas. Nature. 
1977;269:702–4.

 2. Lacapère JJ, Papadopoulos V. Peripheral-type benzodiazepine 
receptor: structure and function of a cholesterol-binding protein 
in steroid and bile acid biosynthesis. Steroids. 2003;68:569–85.

 3. Papadopoulos V, Baraldi M, Guilarte TR, Knudsen TB, Laca-
père J-J, Lindemann P, et al. Translocator protein (18kDa): new 
nomenclature for the peripheral-type benzodiazepine receptor 
based on its structure and molecular function. Trends Pharmacol 
Sci. 2006;27:402–9.

 4. Camsonne R, Crouzel C, Comar D, Mazière M, Prenant C, Sas-
tre J, et al. Synthesis of N-(11C) methyl, N-(methyl-1 propyl), 
(chloro-2 phenyl)-1 isoquinoleine carboxamide-3 (PK 11195): A 
new ligand for peripheral benzodiazepine receptors. J Labelled 
Comp Radiopharm. 1984;21:985–91.

 5. Bhoola NH, Mbita Z, Hull R, Dlamini Z. Translocator Protein 
(TSPO) as a potential biomarker in human cancers. Int J Mol Sci. 
2018.

 6. Batarseh A, Papadopoulos V. Regulation of translocator protein 
18 kDa (TSPO) expression in health and disease states. Mol Cell 
Endocrinol. 2010;327:1–12.

 7. Shah F, Hume SP, Pike VW, Ashworth S, McDermott J. Synthesis 
of the enantiomers of [N-methyl-11C]PK 11195 and comparison 
of their behaviours as radioligands for PK binding sites in rats. 
Nucl Med Biol. 1994;21:573–81.

 8. Petit-Taboué MC, Baron JC, Barré L, Travère JM, Speckel D, 
Camsonne R, et al. Brain kinetics and specific binding of [11C]PK 
11195 to omega 3 sites in baboons: positron emission tomography 
study. Eur J Pharmacol. 1991;200:347–51.

 9. Chauveau F, Boutin H, Van Camp N, Dollé F, Tavitian B. 
Nuclear imaging of neuroinflammation: a comprehensive review 
of [11C]PK11195 challengers. Eur J Nucl Med Mol Imaging. 
2008;35:2304–19.

 10. Yanamoto K, Kumata K, Yamasaki T, Odawara C, Kawamura K, 
Yui J, et al. [18F]FEAC and [18F]FEDAC: Two novel positron 
emission tomography ligands for peripheral-type benzodiazepine 
receptor in the brain. Bioorg Med Chem Lett. 2009;19:1707–10.

 11. Yanamoto K, Kumata K, Fujinaga M, Nengaki N, Takei M, Waki-
zaka H, et al. In vivo imaging and quantitative analysis of TSPO in 
rat peripheral tissues using small-animal PET with [18F]FEDAC. 
Nucl Med Biol. 2010;37:853–60.

 12. Yui J, Maeda J, Kumata K, Kawamura K, Yanamoto K, Hatori A, 
et al. 18F-FEAC and 18F-FEDAC: PET of the monkey brain and 
imaging of translocator protein (18 kDa) in the infarcted rat brain. 
J Nucl Med. 2010;51:1301–9.

 13. Xie L, Yui J, Hatori A, Yamasaki T, Kumata K, Wakizaka H, et al. 
Translocator protein (18 kDa), a potential molecular imaging bio-
marker for non-invasively distinguishing non-alcoholic fatty liver 
disease. J Hepatol. 2012;57:1076–82.

 14. Maekawa K, Tsuji AB, Yamashita A, Sugyo A, Katoh C, Tang 
M, et al. Translocator protein imaging with 18F-FEDAC-posi-
tron emission tomography in rabbit atherosclerosis and its pres-
ence in human coronary vulnerable plaques. Atherosclerosis. 
2021;337:7–17.

 15. Luo R, Wang L, Ye F, Wang Y-R, Fang W, Zhang M-R, et al. 
[18F]FEDAC translocator protein positron emission tomogra-
phy-computed tomography for early detection of mitochondrial 
dysfunction secondary to myocardial ischemia. Ann Nucl Med. 
2021;35:927–36.

 16. Chung SJ, Yoon HJ, Youn H, Kim MJ, Lee Y-S, Jeong JM, et al. 
18F-FEDAC as a targeting agent for activated macrophages in 
DBA/1 mice with collagen-induced arthritis: comparison with 
18F-FDG. J Nucl Med. 2018;59:839–45.

 17. Kawamura K, Kumata K, Takei M, Furutsuka K, Hashimoto H, 
Ito T, et al. Efficient radiosynthesis and non-clinical safety tests 
of the TSPO radioprobe [(18)F]FEDAC: Prerequisites for clinical 
application. Nucl Med Biol. 2016;43:445–53.

 18. Ferrer L, Kraeber-Bodéré F, Bodet-Milin C, Rousseau C, Le 
Gouill S, Wegener WA, et al. Three methods assessing red mar-
row dosimetry in lymphoma patients treated with radioimmuno-
therapy. Cancer. 2010;116:1093–100.

 19. ICRP. Basic Anatomical and Physiological Data for Use in Radio-
logical Protection Reference Values. ICRP Publication 89. Ann 
ICRP 2002;32:(3-4).

 20. Andersson M, Johansson L, Eckerman K, Mattsson S. IDAC-Dose 
2.1, an internal dosimetry program for diagnostic nuclear medi-
cine based on the ICRP adult reference voxel phantoms. EJNMMI 
Res. 2017.

 21. ICRP. The 2007 Recommendations of the International Commis-
sion on Radiological Protection. ICRP Publication 103. Ann ICRP 
2007;37:(2-4).

http://creativecommons.org/licenses/by/4.0/


271Annals of Nuclear Medicine (2024) 38:264–271 

 22. Hirvonen J, Roivainen A, Virta J, Helin S, Någren K, Rinne 
JO. Human biodistribution and radiation dosimetry of 11C-(R)-
PK11195, the prototypic PET ligand to image inflammation. Eur 
J Nucl Med Mol Imaging. 2010;37:606–12.

 23. Fujimura Y, Kimura Y, Siméon FG, Dickstein LP, Pike VW, Innis 
RB, et al. Biodistribution and radiation dosimetry in humans of a 
New PET Ligand, 18F-PBR06, to image translocator protein (18 
kDa). J Nucl Med. 2010;51:145–9.

 24. Brody AL, Okita K, Shieh J, Liang L, Hubert R, Mamoun M, et al. 
Radiation dosimetry and biodistribution of the translocator protein 
radiotracer [11C]DAA1106 determined with PET/CT in healthy 
human volunteers. Nucl Med Biol. 2014;41:871–5.

 25. Takano A, Gulyás B, Varrone A, Karlsson P, Sjoholm N, Lars-
son S, et al. Biodistribution and radiation dosimetry of the 18 

kDa translocator protein (TSPO) radioligand [18F]FEDAA1106: 
a human whole-body PET study. Eur J Nucl Med Mol Imaging. 
2011;38:2058–65.

 26. Mizrahi R, Rusjan PM, Vitcu I, Ng A, Wilson AA, Houle S, et al. 
Whole body biodistribution and radiation dosimetry in humans of 
a new PET ligand, [(18)F]-FEPPA, to image translocator protein 
(18 kDa). Mol Imaging Biol. 2013;15:353–9.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	A first-in-man study of [18F] FEDAC: a novel PET tracer for the 18-kDa translocator protein
	Abstract
	Purpose 
	Materials and Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Human participants
	Preparation and administration of [18F] FEDAC
	PETCT imaging data acquisition
	Image analysis, biodistribution, and radiation dosimetry
	Vital signs, blood and urine sampling, and analysis

	Results
	PET imaging and biodistribution of [18F]FEDAC
	Radiation dosimetry
	Safety evaluation

	Discussion
	Conclusions
	Acknowledgements 
	References




