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Introduction: [18F]Fluoro-pivalic acid ([18F]FPIA) is a PET radiotracer under 

investigation for imaging short-chain fatty acid (SCFA) metabolism in gliomas. 

Accurate human radiation dosimetry is a prerequisite for its clinical translation. 

This study aimed to estimate human organ absorbed doses of [18F]FPIA based on 

biodistribution data obtained from normal BALB/c mice. 

Methods: [18F]FPIA was synthesized at the Karaj Cyclotron Center (Karaj, Iran) via 

nucleophilic fluorination of a tosyl precursor. For biodistribution studies, female 

BALB/c mice (n=3 per time point, total n=9) were intravenously injected with 

0.526 mCi (19.46 MBq). Animals were sacrificed at 15, 30, and 60 minutes post-

injection. Radioactivity in major organs was measured using a well-type NaI(Tl) 

detector and expressed as percentage of injected dose per gram (%ID/g). Time-

activity curves were generated via trapezoidal integration and exponential 

fitting. Cumulative organ activities were calculated and extrapolated to humans 

using the Sparks–Aydogan mass scaling method. Human organ absorbed doses 

and the effective dose were estimated using the Medical Internal Radiation Dose 

(MIRD) formalism implemented in OLINDA/EXM 2.0 software. 

Results: The highest estimated absorbed doses in human organs were observed 

in the bladder wall (0.201 mGy/MBq) and kidneys (0.143 mGy/MBq). In contrast, 

the brain (0.0274 mGy/MBq) and intestines (0.0196 mGy/MBq) received the 

lowest doses. The estimated effective dose was 0.016 mSv/MBq. 

Conclusion: The dosimetry profile of [18F]FPIA, characterized by low background 

brain exposure and favorable dose estimates comparable to other clinical 18F-

tracers, supports its safe application for PET imaging. These results facilitate the 

clinical translation of [18F]FPIA for tracing SCFA metabolism in glioma studies. 

Keyword:  

[18F]Fluoro-pivalic acid 

Dosimetry 

Glioma 

Fatty acid metabolism 

Positron emission tomography 

*Corresponding Author: 

Dr. Saeed Kakaei 

Address: Radiation Application Research 

School, Nuclear Science and Technology 

Research Institute, P. O. Box 11365-3486, 

Tehran, Iran. 

Email: skakaei@aeoi.org.ir 

 

 
Use your device to scan and 

read the article online 

 

 How to cite this article:  Bahrami Khoundabi B, Kakaei S, Sattarzadeh Khameneh E, Aghamiri SMR, 

Johari Deha F. Dosimetry of [18F]Fluoro-pivalic acid PET Tracer: Human dose estimates based on balb/c 

biodistribution data.  Iran J Nucl Med. 2026;34(2):105-112. 

 

 

https://doi.org/10.22034/irjnm.2026.130296.1707 

 

 

 

 

 

 

https://irjnm.tums.ac.ir/
https://doi.org/10.22034/IRJNM.2023.129134.1545
https://doi.org/10.22034/IRJNM.2023.129134.1545


Human dose estimates of [18F]FPIA radiotracer 

 Bahrami Khoundabi B. et al. 
 

 

106 

 

INTRODUCTION 

Gliomas represent the most prevalent and 
aggressive category of primary brain tumors, 
constituting nearly 80% of all primary central 
nervous system (CNS) malignancies [1]. Glioblastoma 
(GBM), the most common and lethal subtype, has a 
dismal prognosis with a median survival of 
approximately 12-15 months despite multimodal 
therapy [2, 3]. Early detection and precise molecular 
characterization are therefore critical for improving 
patient management. Positron emission 
tomography (PET) with metabolic radiotracers offers 
a powerful, non-invasive tool for evaluating tumor 
biology and profiling [4]. Altered cellular metabolism 
is a hallmark of cancer. Gliomas exhibit not only 
enhanced glycolysis (Warburg effect) but also 
upregulated de novo fatty acid synthesis to support 
rapid membrane biogenesis and proliferation [5, 6]. 
Consequently, radiotracers targeting short-chain 
fatty acid (SCFA) metabolism, such as [11C]acetate 
and [18F]fluoroacetate (FAC), have been explored for 
glioma imaging [7, 8]. While 18F-fluorodeoxyglucose 
([18F]FDG) is the most widely used PET tracer in 
oncology, its high physiological uptake in normal gray 
matter significantly limits contrast and utility in brain 
tumor imaging [9]. [18F]Fluoro-pivalic acid ([18F]FPIA), 
a branched-chain SCFA analog, has emerged as a 
promising alternative. Preclinical studies indicate 
that [18F]FPIA exhibits low retention in normal brain 
tissue while demonstrating significant uptake in 
glioma models, leading to superior tumor-to-brain 
contrast ratios compared to [18F]FDG [10, 11]. This 
property is attributed to the preferential utilization 
of fatty acids by glioma cells for energy production 
and biosynthesis [12, 13]. The initial promise of 
[18F]FPIA warrants its progression toward clinical 
evaluation. A mandatory step in the clinical 
translation of any novel radiopharmaceutical is the 

assessment of human radiation exposure through 
internal dosimetry. Regulatory agencies require 
human dose estimates, typically derived from 
preclinical biodistribution data, to ensure patient 
safety and define administered activity limits [14-16]. 
The Medical Internal Radiation Dose (MIRD) 
formalism, combined with species scaling methods 
like that of Sparks and Aydogan, provides a validated 
framework for this extrapolation [17-19]. While prior 
studies have demonstrated the imaging efficacy of 
[18F]FPIA in preclinical models [10, 11, 20], 
comprehensive human radiation dose estimates 
based on standardized methodologies are lacking. 
This study aimed to address this critical gap. We 
report the synthesis, quality control, and 
biodistribution of [18F]FPIA in normal BALB/c mice. 
Subsequently, we employed the MIRD methodology 
with Sparks-Aydogan scaling to provide the first 
estimated human organ absorbed doses for 
[18F]FPIA, thereby facilitating its safe introduction 
into clinical trials for glioma imaging. 

METHODS 

Chemicals and reagents 
All chemicals, including 4-dimethylaminopyridine 
(DMAP), 4-toluenesulfonyl chloride (TsCl), pyridine, 
Kryptofix 2.2.2 (K222), and all solvents, were of 
analytical grade and purchased from Sigma-Aldrich 
(MO, USA), Merck, or Fluka. The non-radioactive 
precursor, methyl 2, 2-dimethyl-3-
hydroxypropionate, was obtained from Chem Cruz®. 
Enriched [18O]H₂O (97–98% isotopic purity) was used 
for the production of no-carrier-added [18F]fluoride 
ion. 

Preparation and quality control of [18F]FPIA 
The radiosynthesis of [18F]FPIA was performed using 
a modified procedure based on previously published 
methods [21-23], as summarized in Figure 1. 

 

 

Figure 1. Synthesis and hydrolysis steps for [18F]fluoro pivalic acid.  A: methyl 2, 2-dimethyl-3-hydroxypropionate, B: Methyl2, 2-

dimethyl-3-[(4-methylbenzenesulfonyl) oxy] propanoate, C: Labelled product, D: [18F] FPIA radiopharmaceutical 

 
Synthesis of the Tosyl precursor: The non-
radioactive precursor, methyl 2, 2-dimethyl-3-[(4-
methylbenzenesulfonyl)oxy]propanoate, was 
synthesized from methyl 2,2-dimethyl-3-
hydroxypropionate. Briefly, the starting material 
(200 µL) and 4-dimethylaminopyridine (DMAP, 9.2 
mg) were dissolved in anhydrous pyridine (0.5 mL). A 

solution of 4-toluenesulfonyl chloride (TsCl, 347 mg) 
in pyridine (2 mL) was added dropwise. The reaction 
mixture was stirred at room temperature under a 
nitrogen atmosphere for 3 hours. The mixture was 
then diluted with dichloromethane (DCM) and 
washed sequentially with water, 1M HCl, and brine. 
The organic layer was dried over anhydrous Na₂SO₄, 
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filtered, and concentrated under reduced pressure. 
The resulting residue was purified by flash column 
chromatography (15% ethyl acetate in petroleum 
ether) to yield the pure tosyl precursor as a white 
solid. The identity and purity of the compound were 
confirmed by 1H-NMR spectroscopy (Bruker DRX 300 
MHz). 
M.p: 83-85 ̊ C: 1HNMR (400 MHz, CDCl3) δ: 7.71 (d, J = 
8.3 Hz, 2H; Ar), 7.26 (d, J = 8.0 Hz,  2H; Ar), 4.03 (s, 2H; 
3-H), 3.53 (s, 3H; OMe), 2.38 (s, 3H; Ph-Me), 1.11 (s, 
6H; CH3-2). 

Radiosynthesis: No-carrier-added [18F]fluoride was 
produced via the 18O(p,n) 18F nuclear reaction by 
irradiating [18O]H₂O with 18-MeV protons on a 
KIUBE-180 cyclotron (IBA). The automated 
radiolabeling was performed on an IBA Synthera® 
module. The aqueous [18F]fluoride solution was 
trapped on a QMA carbonate light cartridge, eluted 
with a solution of Kryptofix® 222 (K₂.2.2, 15 mg) and 
K₂CO₃ (3 mg) in acetonitrile/water (80:20 v/v), and 
dried azeotropically at 110°C under a stream of 
nitrogen. The dried [18F]fluoride-K₂.2.2 complex was 
reacted with the tosyl precursor (5-10 mg) in 
anhydrous acetonitrile (1 mL) at 60°C for 10 minutes. 
The intermediate [18F]fluoro-ester was then 
hydrolyzed by the addition of 1M NaOH (0.5 mL) and 
heating at 60°C for 5 minutes. The reaction was 
quenched and neutralized with 1M HCl (0.5 mL). 

Purification and formulation: The crude reaction 
mixture was purified by semi-preparative reverse-
phase HPLC on a Phenomenex Luna C18 column (250 
x 10 mm, 5 µm) using an isocratic mobile phase of 
acetonitrile: water: acetic acid (50:50:0.1, v/v/v) at a 
flow rate of 4 mL/min. The fraction corresponding to 
[18F]FPIA (retention time ~ 8-9 min) was collected, 
diluted with sterile water, and passed through a C18 
Sep-Pak® light cartridge. The product was eluted 
with ethanol (1 mL), diluted with sterile physiological 
saline (9 mL), and passed through a 0.22 µm sterile 
filter into a sterile, pyrogen-free vial. 

Quality control and radiochemical data: The decay-
corrected radiochemical yield (RCY) was 30 ± 5% (n > 
10 syntheses), with a total synthesis time of 55 ± 5 
minutes. Radiochemical purity (RCP) was 
determined by analytical radio-thin-layer 
chromatography (radio-TLC) on silica gel plates using 
acetonitrile: water (95:5, v/v) as the mobile phase, 
and analyzed using a MiniGita radio-TLC scanner 
(Raytest, Germany). Under these conditions, 
[18F]FPIA migrates with the solvent front (Rf = 0.8–
0.9), while free [18F]fluoride remains at the origin (Rf 
= 0.0–0.1). Identity was confirmed by co-injection 
with an authentic non-radioactive pivalic acid 
standard using analytical HPLC. The RCP at end-of-
synthesis (EOS) consistently exceeded 99%. The pH 

of the final formulation was 5.5–7.5. Sterility and 
apyrogenicity tests were performed according to 
pharmacopeial standards. The final product was 
obtained as a sterile, isotonic solution suitable for 
intravenous injection. 

Biodistribution of [18F]FPIA in normal mice 
All animal experiments were conducted in 
compliance with the institutional guidelines for the 
care and use of laboratory animals and were 
approved by the relevant ethics committee. The 
pharmacokinetics and tissue distribution of [18F]FPIA 
were evaluated in healthy female BALB/c mice (n=3 
per time point).  Female BALB/c mice (age: 6–8 
weeks; weight: 18–22 g) were used for the study. 
Animals received an intravenous injection of 0.526 
mCi (19.46 MBq) via the tail vein. At 15, 30, and 60 
minutes post-injection, mice were euthanized, and 
organs were collected, weighed, and counted using 
a calibrated NaI(Tl) well counter. Counts were 
corrected for background, efficiency, and decay-
corrected back to the time of injection. 
Tracer uptake was quantified using two standard 
metrics including percentage of injected dose per 
gram of tissue (%ID/g) and standardized uptake 
value (SUV). All biodistribution data are presented as 
decay-corrected mean %ID/g ± SD (Table 1). 

Table 1. The Percentage of injected activity per gram (%ID/g ) of 
[18F]FPIA in normal mice 

Organ 
Time 

15 min 30 min 60 min 

Liver 22.70±6.41 7.19±0.10 4.45±0.14 

Kidney 20.29±2.80 9.84±1.043 6.38±0.09 

Bladder 13.98±21.69 62.21±47.50 27.03±41.99 

Blood 13.55±6.91 4.64±0.42 4.39±0.59 

Lung 7.81±3.52 3.44±0.74 3.02±0.32 

Heart 7.55±4.81 3.45±0.35 3.40±0.38 

Stomach 4.37±2.52 2.36±0.69 2.50±1.59 

Intestine 3.82±2.29 2.08±0.36 2.04±0.004 

Spleen 3.56±1.67 2.34±0.23 1.75±0.11 

Bone 3.21±1.10 2.77±0.36 3.47±0.61 

Brain 1.14±0.46 1.00±0.10 1.10±0.06 

 

Biodistribution measurements and analysis: The 
radioactivity in each tissue sample was measured 
using a well-type NaI(Tl)scintillation detector 
(Gamma Surveyor, S.E. International, Inc.). A 
symmetric energy window of 450–550 keV was set 
around the 511 keV annihilation peak to optimize 
counting efficiency and minimize background. The 
detector was calibrated weekly for energy and 
efficiency using a 137Cs standard source. The system's 
absolute counting efficiency for 511 keV photons 
under these conditions was 68%. All measured 
counts were automatically corrected for background, 
physical decay (of 18F), and detector efficiency using 
the instrument's software. 
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Software and data analysis: Biodistribution data 
were processed, and time-activity curves (TACs) were 
generated using GraphPad Prism software (Version 
9.0, GraphPad Software, USA). TACs were 
constructed by plotting decay-corrected mean %ID/g 
versus time. For most organs exhibiting clearance 
(e.g., blood, liver), data points were fitted with a bi-
exponential function. For the bladder, which showed 
accumulation, trapezoidal integration was applied 
from t=0 to the last data point (60 min). Cumulative 
activities for each source organ were calculated by 
integration of the time-activity curves from time zero 
to infinity, assuming physical decay beyond the last 
measured time point. Human organ absorbed doses 
and the effective dose were calculated using the 
Medical Internal Radiation Dose (MIRD) formalism as 
implemented in the OLINDA/EXM 2.0 software 
(Vanderbilt University, USA). The software's adult 
male phantom and ICRP Publication 103 tissue 
weighting factors were used for the final effective 
dose calculation. 

Pharmacokinetic modeling and human dosimetry 
estimation 
Generation of time-activity curves (TACs) and 
cumulated activity (Ã): The measured radioactivity 
in each tissue was expressed as the percentage of the 
injected dose per gram of tissue(%ID/g) [24]. The 
activity concentration, Ac (t), at a given time point t 
was calculated as:  

Ac(t)= (Atissue(t) / Mtissue(t)) / Atotal × 100% 
where Atissue(t) is the activity (MBq) in the tissue 
sample, Mtissue (t) is the mass (g) of the tissue, and 
Atotal is the total injected activity (MBq) [25]. 
Decay-corrected mean %ID/g values for each organ 
were plotted versus time. Time-Activity Curves 
(TACs) were generated by fitting the data points. 

Ars
̃ = ∫ A(t)dt

∞

0
 where Ars

̃  (t) is the activity in 

source organ rs at time t [26]. The cumulative activity 
for each organ in mice was estimated by plotting the 
mean %ID/g values versus time, connecting the data 
points, and calculating the area under the curve 
(AUC) from time zero to infinity using the trapezoidal 
integration method. For time points beyond the last 
measurement (60 min), the clearance was assumed 
to follow the physical decay of 18F (T{1/2} = 109.8 
min). 

Extrapolation to humans using the Sparks–Aydogan 
Model: The Sparks–Aydogan relative organ mass-
scaling method was selected to extrapolate murine Ã 
to human values [27, 28]. This method is a 
standardized approach for early-phase 
biodistribution data, assuming the fraction of total 
body activity in an organ scales with its fractional 

body mass. We acknowledge its limitation in not 
accounting for potential interspecies differences in 
metabolism or excretion rates. The human 
cumulated activity (Ãhuman) was calculated as: 

Ãhuman = Ãmouse × (Mhuman-organ / Mmouse-organ) × (Mmouse -

total / Mhuman -total) 

Standard organ/body masses for a 73.7 kg adult 
male  (ICRP 89) and a 0.02 kg mouse were used. 

Absorbed dose calculation: The mean absorbed 
dose D(rT) to each target organ (𝑟𝑡) was calculated 
using the Medical Internal Radiation Dosimetry 
(MIRD) formalism [27, 29]: 

D(rT) = ∑ ÃrsS(rt ← rs)
rs

 

where S (𝑟𝑡 ← 𝑟𝑠) is the S-value, representing the 
mean absorbed dose to target organ (𝑟𝑡) per unit 
cumulative activity in source organ (𝑟𝑠) [15, 30]. 
Where S-values for 18F were obtained from the 
OLINDA/EXM 2.0 software (adult male phantom. The 
dynamic bladder model (voiding interval: 3.5 h) was 
used for the bladder wall dose. The effective dose 
was calculated using ICRP 103 tissue weighting 
factors. 

RESULTS  

Biodistribution and Pharmacokinetics 
The decay-corrected biodistribution data are 
presented in Table 1. [18F]FPIA showed rapid blood 
clearance and prominent hepatorenal excretion. 
Liver uptake was highest at 15 min ( 22.70 ± 6.41 
%ID/g), declining thereafter. Kidney uptake was 
moderate (20.29 ± 2.80 %ID/g at 15 min). Bladder 
content was highly variable (e.g., 62.2 ± 47.5 %ID/g at 
30 min), reflecting differences in individual diuresis 
under anesthesia; this variability is propagated into 
the uncertainty of the bladder wall dose estimate. 
Brain uptake was low and stable across time points 
(~1.1 %ID/g), confirming minimal retention in normal 
brain parenchyma. 

Human radiation dose estimates 
The estimated human absorbed doses are listed in 
Table 2. As expected for a renally cleared tracer, the 
highest doses were received by the urinary bladder 
wall (0.201 mGy/MBq) and kidneys (0.143 
mGy/MBq). The effective dose was 0.016 mSv/MBq. 
For a standard 370 MBq administration, this an 
effective dose, comparable to other diagnostic 18F-
tracers (Table 3). 
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Table 2. Estimation of  absorbed dose  by MIRD method in human 
body for 18F-FPIA 

Organs Absorbed dose (mGy/MBq) 

Kidney 1.43E-01 

Bladder 2.01E-01 

Spleen 1.04E-01 

Lung 1.37E-01 

Heart 4.14E-02 

Brain 2.74E-02 

Bone 6.02E-02 

Liver 4.93E-02 

Stomach 3.44E-02 

Intestine 1.96E-02 

 

DISCUSSION 

We report an improved radio synthesis of [18F]FPIA 
(RCY: 30%), facilitating reliable production. The 
murine biodistribution aligns with prior studies, 
showing rapid clearance and low brain uptake. The 
observed ~1 %ID/g in brain, while low relative to 
abdominal organs, is notable. For a short-chain fatty 
acid analog, this may indicate specific, low-capacity 
transport across the blood-brain barrier or represent 
a non-specific background. This level is significantly 

lower than that of [18F-FDG] but should be 
considered when evaluating its absolute specificity. 
A recent first-in-human study of [18F]FPIA has been 
published [23]. Our mouse-derived effective dose 
estimate (0.016 mSv/MBq) is in good agreement 
with the clinically measured value from that study 
(0.015 mSv/MBq), validating our preclinical 
dosimetry approach. Furthermore, the human PET 
data confirmed the low physiological brain uptake 
and high tumor-to-brain contrast we predicted, 
strengthening the rationale for its neuro-oncological 
application. 
In current study, we employed the Sparks–Aydogan 
scaling method for its practicality with biodistribution 
data, while acknowledging that methods like 
allometric scaling or direct PET-based human 
measurements are more accurate. The high 
variability in bladder activity is a study limitation, 
common in rodent biodistribution studies due to 
physiological variability under anesthesia; we 
addressed this using a standardized physiological 
model in OLINDA/EXM. The primary goal of this 
preclinical dosimetry was to provide a safety 
estimate to support regulatory approval for initial 
clinical trials, which has been achieved. 

Table 3. Comparison of effective dose (mSv/MBq) and critical organ doses (mGy/MBq) for selected 18F-labeled PET tracers 

Tracer Effective Dose Critical Organ Dose Primary Excretion Reference 

[18F]FPIA 0.016 Bladder Wall (0.201) Renal/Hepatic This work 

[18F]FDG 0.019 Bladder Wall (0.13) Renal ICRP 128 

[18F]FET 0.022 Urinary Bladder (0.18) Renal [21] 

[18F]FLT 0.027 Bladder Wall (0.21) Renal [22] 

 
Figure 2 summarizes the workflow including 
radiotracer synthesis, mouse biodistribution, TAC 
fitting & Ã calculation, mass-scaling, and human 
dose estimation via MIRD/OLINDA. 
This study successfully addresses a crucial 
prerequisite for the clinical translation of the novel 
PET tracer[18F]FPIA by establishing a reproducible 
synthesis method and providing its first 
comprehensive preclinical radiation dosimetry 
profile, based on biodistribution data from healthy 
mice. The work was conducted at the Karaj 
Cyclotron Center, Iran, using a standardized 
methodology. Our radiosynthesis of [18F]FPIA was 
optimized to achieve a decay-corrected 
radiochemical yield of 30%, which represents a 
substantial improvement over previously reported 
yields of 11.3 ± 4.1% , 7.7 ± 5.0%  and 19.4 ± 1.9%  
[21- 23]. This enhancement in yield, coupled with a 
synthesis time under 60 minutes and a consistent 
radiochemical purity exceeding 99%, defines a 
reliable production process suitable for future 

clinical application. The biodistribution profile of 
[18F]FPIA in healthy BALB/c mice aligns with and 
extends previous findings. Consistent with reports 
by Witney et al. and Dubash et al. [22, 23], we 
observed very low and stable uptake in normal 
brain tissue (average ~1.1 %ID/g from 15-60 min). 
This minimal background retention is the tracer's 
most critical attribute for neuro-oncology, as it 
promises high tumor-to-brain contrast—a key 
advantage over [18F]FDG, whose high physiological 
brain uptake limits its utility for glioma imaging [9]. 
This low baseline confirms that [18F]FPIA crosses 
the intact blood-brain barrier, a prerequisite for 
targeting intracranial tumors. The uptake value, 
while low, is measurable and should be interpreted 
in the context of specific tumor targeting versus 
non-specific background. The tracer exhibited rapid 
blood clearance and prominent uptake in excretory 
organs. High initial accumulation in the kidneys and 
liver, followed by significant and variable activity in 
the bladder, indicates a primary clearance pathway 
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via renal excretion with a complementary 
hepatobiliary component, as previously suggested 
by PET imaging studies [22]. The high standard 
deviation in bladder activity (Table 1) underscores 
the physiological variability in urine excretion 
under experimental conditions, a common 
challenge in rodent biodistribution that we 
accounted for using a standardized model in 
OLINDA. This pattern is characteristic of small, polar 
metabolites and results in low off-target retention 
in organs such as the heart, lungs, and spleen. The 
extrapolation of murine biodistribution data to 
humans using the standardized MIRD formalism 
and Sparks-Aydogan mass scaling yielded absorbed 
dose estimates that support the tracer's safe use. 
We selected the Sparks-Aydogan method as it 
provides a straightforward, conservative scaling 
factor based on organ mass ratios, widely accepted 
for preliminary dose estimation from rodent data 
[28]. As anticipated for a renally cleared agent, the 
calculated doses were highest for the urinary 
bladder wall (0.201 mGy/MBq) and kidneys (0.143 
mGy/MBq). The estimated effective dose was 
approximately 0.016 mSv/MBq. To contextualize 

this dosimetry, Table 3 compares [18F]FPIA with 
other common 18F-labeled clinical tracers. Its 
effective dose and critical organ doses are highly 
comparable to those of established tracers like 18F-
fluoroethyltyrosine (FET) and 18F-fluorothymidine 
(FLT). An administration of 370 MBq would result in 
an effective dose, which is within the standard 
range for diagnostic PET and poses no exceptional 
radiation risk. Notably, our preclinical estimates 
show strong concordance with the first-in-human 
dosimetry results recently published by Dubash et 
al. [23], where the measured effective dose was 
0.016 mSv/MBq. This agreement validates the 
methodological approach used in this study and 
increases confidence in the reliability of the dose 
estimates presented here. These favorable safety 
data are particularly significant given the promising 
imaging efficacy demonstrated preclinically. In U87 
glioma models, [18F]FPIA showed tumor uptake 
comparable to [18F]FDG but achieved a significantly 
superior tumor-to-brain ratio (2.5 vs. 1.3) due to its 
low brain background [22]. This high contrast is 
essential for reliably detecting and delineating 
gliomas. 

 

 

Figure 2. Schematic workflow. A: Radiosynthesis of [18F]FPIA, B: Animal biodistribution, C: Time–activity curve generation and estimation of 

cumulated activity, D: The Sparks-Aydogan scaling, E: Human absorbed dose estimation 

Limitations and future directions 
The primary limitation of this work is inherent to all 
preclinical dosimetry:the estimates are derived 
from animal data and scaled to human anatomy, 
which may not fully capture interspecies 
differences in tracer kinetics. The high variability in 
bladder activity, although addressed using a 
standardized physiological model, also introduces 
some uncertainty. Additionally, the assumed bi-
exponential clearance for some organs and the use 

of mass-scaling without metabolic correction are 
simplifications. Therefore, these dose estimates 
should be considered preliminary. The logical next 
step is a Phase I clinical trial to validate human 
biodistribution and dosimetry via direct PET 
imaging. Subsequent studies should evaluate the 
diagnostic performance of [18F]FPIA in patients with 
primary and recurrent glioma, comparing its 
accuracy directly with [18F]FDG and amino acid 
tracers like [18F]FET. 
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CONCLUSION 

This study successfully synthesized the novel PET 
tracer [18F]FPIA with an improved radiochemical 
yield and characterized its pharmacokinetics and 
radiation dosimetry as a critical step toward clinical 
translation. The key findings are threefold. First, 
the optimized radiosynthesis provided a reliable 
supply of the tracer with high purity. Second, 
biodistribution studies in healthy mice confirmed 
an ideal profile for brain imaging: rapid systemic 
clearance, prominent renal excretion, and, most 
importantly, persistently low uptake in normal 
brain tissue, which is essential for achieving high 
tumor-to-background contrast. Third, 
extrapolation to human models using established 
MIRD methodology yielded a favorable dosimetry 
profile. The estimated effective dose of 
approximately 0.016 mSv/MBq is comparable to 
those of other widely used 18F-labeled diagnostic 
tracers, with the urinary bladder wall and kidneys 
identified as the critical organs. These preclinical 
estimates are further supported by their 
agreement with recently published clinical data. 
Collectively, the low background brain exposure 
and acceptable radiation safety profile strongly 
support the transition of [18F]FPIA into initial clinical 
trials. These results provide the necessary 
preclinical foundation to evaluate its efficacy in PET 
imaging of fatty acid metabolism in patients with 
glioma, where it holds significant promise for 
improving tumor detection and characterization. 
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