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Abstract

ety of [#Cu]Cu-DOTATATE through
endocrine Tumors (NETs) with

Purpose: This preclinical investigation aimed to evaluate the radiation
detailed dosimetric assessment, a novel PET radiopharmaceutical targ
overexpression of the SSTR2 receptor, while also exploring its prosp

Materials and Methods: [**Cu]Cu-DOTATATE was
[**Cu]CuCl., and its radiochemical purity was assessed us
conducted in rats at 2, 4, 12, and 24 h following administra
with an HPGe detector.

Dosimetric calculations were performed using t ma, incorporating animal biodistribution data to
estimate the absorbed doses in human org

Results: [**Cu]Cu-DOTATATE demofiStrated gxcellent radiochemical purity (>99%) and stability over 12 h in
i d quick clearance from the blood and significant
accumulation in organs that exp 1nclud1ng the pancreas and adrenal glands, with the kidneys

The estimated absorbed dose
the kidneys and liver. ComparatiV
similar or lower radiation doses in

organs were highest in the pancreas (0.21 = 0.01 mGy/MBq), followed by
dosimetry with other SSTR-targeted agents, like ®*Ga-DOTATATE, revealed
-target organs.

Conclusion: [**Cu]Cu-DOTATATE exhibited favorable pharmacokinetics and an acceptable radiation dose
profile, supporting its potential as a safe and effective PET imaging agent for SSTR2-positive NETs. The
extended half-life of **Cu improves its clinical utility by enhancing tumor-to-background contrast and enabling
centralized production, thus facilitating its integration into clinical practice.
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[64Cu]Cu-DOTATATE Absorbed Dose

1. Introduction

Neuroendocrine Tumors (NETs) represent a diverse
set of cancers that arise from the widespread
neuroendocrine system [1, 2]. The clinical
management of NETs is challenging due to the
frequent occurrence of metastasis and their varied
biological behavior [3]. A key molecular hallmark of
these tumors is the pronounced overexpression of
Somatostatin Receptors (SSTRs), particularly subtype
2 (SSTR2), which has been strategically targeted for
both diagnostic imaging and therapeutic applications
through the use of radiolabeled Somatostatin Analogs
(SSAs) [4].

Peptide Receptor Radionuclide Imaging (PRRI)
using ®*Ga-labeled somatostatin analogs, such as **Ga-
DOTATATE and ®®Ga-DOTATOC, has become the
clinical standard for non-invasive detection of SSTR-
positive NETs. This method provides exceptional
sensitivity and high-quality imaging through Positron
Emission Tomography (PET) [5, 6]. However, the
short half-life of ®Ga (68 min), coupled with 4

availability, centralized distribution, and
feasibility of delayed imaging protocol
limitations have led to increased interg
radiometals with longer half-lives, w
to develop PET tracers with mo
improved dosimetric profile

64Cu, with its favorable dec erties (half-life =
53 keV, and a
maximum [— emission energy 579 keV), is

considered a leading candidate among radioisotopes

12.7 h, P+ emission energy

[8]. In recent years, it has been applied not only in PET
imaging for diagnostics but also in the field of targeted
radiotherapy. Its physical and radiochemical
characteristics enable delayed imaging (up to 24 h
after injection) and centralized production [9, 10].
Today, various radiolabeled compounds based on the
4Cu radioisotope have been developed owing to its
suitable physical properties and potential theranostic
applications [11, 12]. While some *Cu-labeled agents
such as *Cu-PSMA-617 and **Cu-ATSM are now
under clinical evaluation [13, 14], ¥*Cu-DOTATATE
has gained significant attention for PET imaging of
neuroendocrine tumors.
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Clinical studies have demonstrated that [**Cu]Cu-
DOTATATE offers high sensitivity and specificity for
detecting primary and metastatic NET lesions [15]. A
prospective comparison showed that [**Cu]Cu-
DOTATATE detected significantly more true-positive
lesions than ®Ga-DOTATOC [16]. Not only were
more lesions detected, but also **Cu-DOTATATE
provided excellent image contrast at delayed imaging
time points up to 24 hours post-injection [15].

Despite its approval and increasing clinical use, the
internal radiation burden associated with 64Cu-
labeled compounds necessitates detailed preclinical
evaluation to characterize biodistribution and
calculate organ-specific absorbed doses. These data
are essential not @nly for radiation safety assessments
but also for ufforming the feasibility of theranostic

dels provide controlled settings to
okinetics, tumor targeting, and

ATATE, focusing on the analysis of
stribution and the estimation of absorbed doses.

. Materials and Methods

The *Cu was synthesized using a 30 MeV IBA
Cyclotron based on the ®*Zn(p, an)**Cu reaction. The
DOTATATE peptide and other reagents were sourced
from ABX and Sigma-Aldrich Co., respectively. lon
and anion levels were quantified by an Inductively
Coupled Plasma Atomic Emission Spectrometer (ICP-
AES) with model Optima 7300 DV. To determine
radiochemical purity, both thin-layer chromatography
with a Bioscan AR2000 scanner and High-
Performance Liquid Chromatography (HPLC)
(KNAUER-D-14163) were employed. The NIGC-
4020 High-Purity Germanium (HPGe) N-type coaxial
model was used to quantify radioactivity. The detector
exhibited an energy resolution of 1.2 keV (FWHM) at
1332.5 keV (®°Co). The full-energy peak efficiency
was determined by efficiency calibration using
standard gamma reference sources in the same
counting geometry as the samples. Statistical analysis
was performed using one-way Analysis of Variance
(ANOVA) for comparisons across multiple time
points, with a significance threshold of P < 0.05. All
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animal experiments were approved by the Animal
Ethics Committee of the Nuclear Science and
Technology Research Institute (NSTRI) (Approval
No. PRI-B5-00-005) and were conducted in full
compliance with institutional guidelines, ethical
standards, and applicable national regulations for the
care and use of laboratory animals. All procedures
were designed in accordance with the principles of the
3Rs (Replacement, Reduction, and Refinement).
Animals were housed under controlled environmental
conditions (temperature 22 + 2 °C, 12 h light/dark
cycle) with free access to standard laboratory chow
and water. At the designated time points, animals were
humanely euthanized using CO. asphyxiation, in
accordance with approved ethical protocols.

2.1. [%*Cu]CuCl; Production and its Quality
Control

In this study, enriched %®Zn with a purity of over
98%, obtained from NSTRI, was used for the
production of **Cu. The **Zn(p,an) **Cu reaction was
employed, where the proton energy required for
production of 64Cu ranges from 20 to 35 MeV. Dje
the energy limitations of the available accelerator
MeV), the target needed to be thick en
the proton energy from 30 MeV to ap
MeV. For this purpose, the targe
electroplated to a thickness of 106
backing. For the synthesis g
irradiated with protons for 350
h). After irradiation, 10 N hydroehloric acid (HCI) (15
mL) along with hydrogen peroxidey(20 pL) was used
to dissolve the target. The solution was then processed
sequentially through cation and anion exchange
columns. To determine the radionuclide purity, an
HPGe detector was employed. For assessing
radiochemical purity, two distinct solvent systems
were used: 1 mM diethylenetriaminepentaacetic acid
(DTPA; CisHxN3O1p0) and a 10% mixture of
ammonium acetate and methanol (1:1), with Whatman
No. 2 paper and silica gel serving as the stationary
phases.

2.2. Preparation, Quality Control, and
Stability Studies of [**Cu]Cu-DOTATATE

The preparation of [**Cu]Cu-DOTATATE was
carried out based on established protocols from the
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literature [18]. Briefly, 15 pg of DOTATATE
dissolved in distilled water, along with 500 pL of
sodium acetate buffer (pH 5.5), were combined with
370 MBq of [**Cu]CuCl, in a vial.

This mixture was then incubated (95°C, 20 min).
The specific activity was calculated as the ratio of the
decay-corrected final activity to the molar amount of
DOTATATE (15 pg, =10.5 nmol), resulting in a
specific activity of 35.2 MBg/nmol. HPLC with a
C180DS column (100 mm x 4.6 mm) and RTLC with
two phases (ammonium acetate (10%): methanol
(30:70), ammonium hydroxide (10%): methanol:
water (1:5:10)) were utilized to evaluate the
radiochemical purity. The mobile phases of ultrapure
water + 1% TFA (A) and acetonitrile (B) were utilized

odistribution study of [**Cu]Cu-DOTATATE
conducted using Sprague-Dawley rats (9+1
s, 15010 g). All experimental protocols
Mlowed the ethical guidelines of the 3Rs
(Replacement, Reduction, and Refinement). The
animals were housed under controlled conditions at 22
+ 2°C with a 12-hour light/dark cycle and had ad
libitum access to standard rodent chow and water.
Approximately 5.55 = 0.56 MBq (150 pL) of the
complex was administered intravenously via the tail
vein.

The activity of syringes was measured both full and
empty to ensure accurate delivery of the dose. To
biodistribution, the
euthanized at specified time intervals following
injection. At each specified time point, the following

investigate animals  were

organs were collected: lungs, bones, muscle, kidneys,
pancreas, intestines, heart, blood, spleen, stomach, and
liver. After thorough washing, each organ was
weighed, and the radioactivity was measured using an
HPGe detector. The radioactivity levels in each organ
were then calculated by Equation 1.

N
A=
eytskl k2 k3 k4 k5 1)
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[64Cu]Cu-DOTATATE Absorbed Dose

Where € and y represent the detection efficiency and
emission probability, respectively. The variable ts
denotes the live time, and m refers to the sample mass
in kg.

The correction factors, k1 to k5, address several
aspects: radioactive decay between the sample
collection and the start of measurement (k1), decay
during the counting period (k2), self-attenuation
within the sample (k3), pulse losses due to random
summing (k4), and coincidence effects (k5). N
represents the corrected net peak area of the
corresponding photopeak, which is calculated as
follows Equation 2:

ts
N =Ns— Nb )

In this Equation, Ns represents the net peak area
from the sample spectrum, and Nb is the net peak area
from the background spectrum. The variable ts
indicates the live time (in seconds) during which the
background spectrum was acquired.

The dose percentage per gram of tissue was th
calculated using Equation 3, where Total Actiy
refers to the total amount of radioactivity injected
m represents the mass of the organ [19,

Activityorgan
%ID/g = (—) X 100
0ID/9 =\ Zctivityromy "

2.4. Integrated Activit

For calculating the time-inte
human source organs, biodistribution data from rats
have been used. According to Equation 4, the time-
integrated activity in each organ is calculated as
follows:

A:L A(t)dt 4)

In this equation, A(t) represents the activity of each
organ at time t. The biodistribution data obtained from
rat experiments were used to calculate the time-
integrated activity in the rat organs. These data were
collected at 2, 4, 12, and 24 hours after the injection of
the copper radionuclide. These data were then fitted to
an exponential function, using the physical decay
constant of the copper radionuclide, and extended to
infinity.
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The calculation of the time-integrated activity in the

rat organs was performed using a two-phase combined
method. In the first
biodistribution data were collected at four time points

phase, experimental
(2, 4, 12, and 24 h post-injection). These data were
corrected and normalized to the actual injected
activity. The area under the activity-time curve from 0

to 24 h was calculated using the trapezoidal integration
method, with the assumption that the activity at time
t=0 was zero for all organs except for blood.

In the second phase, from 24 h to infinity, an
exponential decay function was fitted as follows
Equation 5 (Figure 1):

A(t)=De™M (5)

1on, Dgepresents the experimental data
is physical decay constant of the

Activity (MBq)
Y ©

~

-

o 2 Time (h)

Figure 1. Graph showing time-integrated activity
calculation in rat organs. The trapezoidal integration (gray
area) covers 0-24 hours, while the exponential decay fit (red
dashed line) extrapolates from 24 h to infinity

To estimate the time-integrated activity in human
organs, a mass extrapolation method was used, as
shown in Equation (6):

AHuman organ = AAnimal organ
Organ massyyman
Body massyyman (6)
Organ massimai
Body massnimai
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For the initial estimation of human absorbed doses,
it was assumed that the biokinetic behavior of the
complex in rodents would closely resemble that in
humans. This assumption is grounded in the reported
similarities between the uptake and clearance
mechanisms in both species, as outlined in the ICRP
publication [24].

In this study, to ensure accurate estimation, the
organ masses of rats and humans were carefully
compared. For rats, the organ masses were determined
by weighing, while for humans, data from scientific
articles and available sources were used. For example,
the organ masses for a 70 kg human are provided in
Table 1 of the article [25].

Table 1. Exact organ weights for a 70 kg human are
provided in the table below

Organ Human Mass (g)
Bone 6120
Heart 316
Stomach 158
Kidneys 229
Small Intestine 1100
Spleen 183
Muscles 28000
Liver 1910
Lungs 100
Total Body

2.6. Dose Estimation

The absorbed dose for e
was calculated using the MIR
Equation 7 [26]

@

Dimodel, as described in

D(r) = ZpApS (1ecn) (7

In this equation, A, represents the total integrated
activity over time within a human source organ, and
S(ri1y) refers to the specific S-value associated with
the target organ. The S-value incorporates factors such
as the radionuclide’s physical decay properties, the
emission ranges of radiation, and the size and shape of
the organs, with units expressed as mGy/MBq.s. For
the calculations, the S-values of this study were
sourced from the OLINDA/EXM software [27].

2.7.  Statistical Analysis

For each time point, four rats were included in the
study. Biodistribution data across multiple time points
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(2, 4, 12, and 24 h) were analyzed using one-way
analysis of variance (ANOVA), as independent groups
of animals were used at each time interval. Data are
presented as mean + Standard Deviation (SD), and p-
values less than 0.05 were considered statistically
significant.

The uncertainty associated with absorbed dose
estimation was evaluated using a standard error
propagation approach. The total uncertainty of the
absorbed dose was calculated by combining the
uncertainties arising from the time-integrated activity
(A) and the S-values, according to Equation 8. This
method accounts for uncertainties related to curve
fitting of time—activity data, numerical integration of
the activity—time curves, and S-value estimation. The

(®)

esults

3.1. Preparation and Quality Control of
[6*Cu]CuCl;

The radionuclidic purity of [**Cu]CuCl, was
determined using an HPGe. The spectrum revealed
three main energy peaks at 278 keV (9%), 511 keV
(35%), and 1346 keV (1%), all of which were
attributed exclusively to copper-64. The absence of
additional peaks confirmed a radionuclidic purity of
more than 99.9% (Figure 2). Chemical purity analysis,
conducted using polarographic methods, showed that
the concentrations of copper and zinc in the final
product were both below 1 ppm, well within
acceptable limits and unlikely to interfere with peptide
labeling.

To assess the radiochemical purity of [**Cu]CuCl,,
two separate solvent systems were used: a mixture of
ammonium acetate (10%) and methanol in equal
proportions (1:1), and a solution of DTPA (1 mM). In
a 1 mM DTPA system with Whatman No. 2 paper, free
copper-64 forms a Cu-DTPA complex that migrates
upward with an Rf value of 0.8, while other copper
species remain at the origin. In the second system, a
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Figure 2. HPGe spectrum of [**Cu]CuCl,. No additional
v-peaks attributable to radionuclidic impurities were
observed above background, confirming a radionuclidic
purity >99.9% under the measurement conditions

10% ammonium acetate: methanol mixture on a silica
gel plate, free copper-64 remains at the origin with an
Rf of 0.1, while other chemical species and impurities
travel up the plate (Figure 3). The differing impurity
patterns observed between these two methods suggest
the presence of contaminants in the sample. Overall,
the radiochemical purity of the Cu®* ion was found to
be greater than 99%.
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Figure 3. The chromatogram of Y&Cu]CuCl,, 10%
ammonium acetate: methanol in a (1:1) ratio on silica gel
(left chart) and ImM DTPA and Whatman No. 2 paper
(right chart)

3.2. Preparation, Quality Control, and

Stability Studies of [®*Cu]Cu-DOTATATE
The radiochemical purity of the complex
preparation was evaluated using RTLC and HPLC
techniques. For RTLC, two different solvent systems
were used: (i) ammonium hydroxide, methanol, and
water (1:5:10, v/v), and (ii) a 10% ammonium acetate
mixed with methanol (30:70, v/v) (Figure 4). In both
systems, free copper-64, owing to its higher polarity,
remained stationary at the origin, whereas the
radiolabeled peptide, being less polar, migrated
upward and displayed higher Rf values. This mobility
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contrast allowed for clear separation between the free
radionuclide and the labeled compound, enabling
precise assessment of product purity.

In the HPLC analysis, the polar free copper-64
eluted from the column during the early min, whereas
the less polar radiolabeled peptide was detected by the
detector approximately 9 min after the start of the
elution (Figure 5). The radiochemical yield of the
labeling reaction, as determined by RTLC and HPLC
analyses, was greater than 99%.

10000 | I |
‘ ‘ 3000

8000 — | |I

Counts
8
1

6000 |

Counts

4000 | ‘
1000 |
2000 —

I
0 50 100
Position (mm)

hromatogram of %Cu- DOTATATE,
droxide: methanol: water mobile phase

q silica gel paper (left chart) and 10%
monium acetate: methanol mobile phase (30:70) on
atman No. 2 paper (right chart)

he stability of [**Cu]Cu-DOTATATE was
evaluated in PBS buffer (stored at 4°C) and in human
serum by monitoring its radiochemical purity over
time. The results demonstrated that even after 12 h, the
radiochemical purity of complex higher than 90%,
indicating its high stability.

3.3. Biodistribution Studies

The biodistribution of the complex was investigated in
animals at 2, 4, 12, and 24 h after administration. The
uncorrected decay data are shown in Figure 6. As
illustrated, the radiopharmaceutical 1is rapidly
eliminated from the bloodstream. Notable
accumulation of the tracer occurs in organs with a high
density of somatostatin receptors, such as the
pancreas, demonstrating targeted uptake. Significant
retention of the tracer is also observed in the stomach.

Furthermore, the pronounced uptake in the kidneys,
along with increased activity detected in the urine,
indicates that the urinary system is the primary
pathway for eliminating this radiolabeled peptide, a
trend commonly seen in  peptide-based
radiopharmaceuticals.
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Figure 5. The HPLC chromatogram of the final %@
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Figure 6. The relative activity concentrations in rats, measured post- injection of [**Cu]Cu-DOTATATE, are
presented as the percentage of the injected dose per gram (%ID/g) of tissue, without decay correction. Data are
shown as SD (n = 4 animals per time point), and the error bars represent SD. Activity concentrations are plotted

as a function of time (h)
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3.4. Dose Estimation

The absorbed dose was estimated with the MIRD
model for target organs (see Table 2). The pancreas
received the highest absorbed dose (0.21 + 0.01
mGy/MBq), followed by the kidneys, liver, stomach,
and Lower wall of the Large Intestine (LLI).
Intermediate dose levels were noted in the adrenal
glands, gallbladder, and Upper wall of the Large
Intestine (ULI), while the doses in other organs were
much lower. Statistical analysis showed that the
pancreas absorbed a significantly higher dose (p <
0.05) compared to the kidneys and liver, supporting
the selective accumulation in tissues with SSTR
expression.

In this study, a sample size of n=4 per time point
was chosen to balance statistical accuracy with
practical constraints such as resources, time, and cost.
This sample size is commonly used in animal studies
with limited sample sizes. A power analysis confirmed
that this sample size is sufficient for detecting
meaningful differences. This method is appropriate fg

comparing two independent or paired grodp

Table 2. Estimated organ-absorbed dose
(mGy/MBq) in humans following admini;

[¢Cu]Cu-DOTATATE

Organ Absorbedd
Gallbladder
Brain
Adrenals
LLI Wall
Small Intestine .
Stomach 0.10£0.02
Pancreas 0.21+0.02
Red marrow 0.02+0.00
Urine bladder 0.07 £ 0.01
Bone surface 0.05+0.01
Kidney 0.11+0.02
Thymus 0.01 £0.00
Lungs 0.04 £ 0.00
ULI wall 0.10+0.02
Heart wall 0.03 +£0.00
Spleen 0.06 +0.01
Liver 0.10+0.02
Total body 0.10+0.02

especially with limited sample sizes and large
differences between groups, and it is widely used in
similar studies.
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4. Discussion

Advancements in nuclear medicine, particularly in
PET and SPECT imaging technologies, have been
accompanied by the development of new
radiopharmaceutical agents. These breakthroughs
have significantly improved both diagnostic and
therapeutic applications. However, they have also
raised concerns regarding increased radiation
exposure and potential health risks for patients.
Consequently, accurate monitoring and control of the
absorbed radiation dose have become essential
components of clinical practice.

This preclinical study aimed to examine the
biodistribution offf**Cu]Cu-DOTATATE and estimate
luating its potential as a PET
for targeting SSTR2-positive
tumors. In this study, the
or the synthesis of [**Cu]Cu-
as greater than 95%. This yield was
omparing the final activity of the
‘ eutical to the primary activity and
idered as the yield. The
chemical purity of this compound was assessed
g RTLC and HPLC, and its purity was found to be
over 99%. These results indicate high efficiency and

radiochemical

good quality in the synthesis of [**Cu]Cu-
DOTATATE.
Regarding chemical impurities, the main

contaminants are metallic ions, primarily due to
copper backing and gold substrates in the production
process, as well as the use of zinc as a target in the
production of [**Cu]CuCl,. These impurities are
present at very low levels, with the concentrations of
copper and zinc in the final product measured using
polarographic methods, showing precise values below

1 ppm.

These levels are well within acceptable limits and
do not affect the quality of the radiopharmaceutical.

Concerning radionuclide impurities, using the
highly sensitive HPGe detector, the smallest amounts
of radionuclide impurities were measured, and the
results showed that the radionuclide purity of
[**Cu]Cu-DOTATATE was over 99.99%.

The quality control criteria for acceptance or
rejection in clinical-scale production of [**Cu]Cu-
DOTATATE have been established through

FBT, Vol. 13, No. 4 (Autumn 2026) XX-XX
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comprehensive  evaluations of chemical and
radiochemical purity, along with the examination of
metallic and radionuclide impurities. These results
emphasize that [**Cu]Cu-DOTATATE meets the
quality standards required for clinical studies and
radiopharmaceutical applications.

The radiolabeled compound demonstrated excellent
stability in both human serum and PBS over a 12-h
incubation period. The findings indicate that
[**Cu]Cu-DOTATATE has favorable
pharmacokinetic properties and presents an acceptable
radiation dose to non-target tissues. The organ-level
absorbed dose estimates (Table 2) further support the
observed Dbiodistribution pattern of [**Cu]Cu-
DOTATATE. Among SSTR2-rich tissues, the
pancreas exhibited the highest absorbed dose (0.21 +
0.01 mGy/MBq), confirming its role as a primary
physiological target organ for somatostatin analog—
based radiotracers. Notably, the adrenal glands also
demonstrated relatively elevated absorbed doses (0.08
+ 0.00 mGy/MBq), which is consistent with known
physiological expression of somatostatin receptors in
adrenal tissue and supports receptor-mediated upf
rather than nonspecific accumulation. The kidne
received one of the highest absorbed dose
0.01 mGy/MBq), identifying them
limiting organ, in line with the ps

clearance pathway of
radiopharmaceuticals. Inte

walls, reflecting a combina E of physiological

were observed in the live

receptor  expression  and patobiliary  or
gastrointestinal transit [28]. Consisteént with the renal
elimination  patterns of  DOTATATE-based
radiopharmaceuticals, significant activity was also
detected in the liver and spleen, likely due to the

physiological expression of SSTRs and the

nonspecific uptake of radiometal-chelate complexes.
Additionally, some tracer accumulation was observed
in the stomach and intestines, consistent with uptake
patterns seen with [®*Ga]Ga-DOTATATE [29].

The absorbed dose, estimated using the MIRD and
OLINDA/EXM models, reveals a notably high dose in
the pancreas, which corresponds to the known
overexpression of SSTR in this organ. Likewise, the
elevated renal dose is consistent with the typical
pattern  seen  in  peptide-based
radiopharmaceuticals [30]. As expected, the kidneys,
liver, and spleen received significant doses, with
values comparable to those observed for other SSTR-
targeting agents, including **Ga-DOTATATE and
(Table 3).

excretion

e relatively low absorbed doses in
indi that the compound is well

& shorter positron range and consequently
oved spatial resolution in PET imaging (Table 4).
duced positron range leads to less image blurring
d more accurate lesion delineation, particularly for
small lesions [33]. This physical property contributes
to enhanced image contrast and reduced partial
volume effects, as reported in previous clinical studies
of “Cu-DOTATATE. Although the longer half-life of
%Cu may result in a slightly higher effective dose, this
diagnostic trade-off is offset by improved diagnostic
performance, the capability for delayed imaging, and
superior image quality compared with ®*Ga-labeled
tracers.

Table 3. Comparison of human absorbed doses (mGy/MBq) of [**Cu]Cu-DOTATATE with other radiolabeled compounds

used for imaging of SSTR-positive NETs

Human Absorbed Dose (mGy/MBq)

Target organs *Ga-DOTATATE

n-pentetreotide [¢4Cu]Cu-DOTATATE

Kidneys 0.09+0.02 0.52 0.11+0.02
Liver 0.05+0.02 0.07 0.10+0.02
Spleen 0.11+0.06 0.34 0.06 £ 0.01

Pancreas - 0.06 0.21+0.02

Adrenals 0.09+0.05 0.06 0.08 £ 0.01

Red Marrow 0.02+0.00 0.03 0.02 +0.00
Effective dose

(mSv/MBq) 0.02+0.00 0.07 0.06+0.02

Reference [31] [32] This study

FBT, Vol. 13, No. 4 (Autumn 2026) XX-XX
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Table 4. Physical decay properties and imaging
characteristics of commonly used radionuclides for
imaging

. . Deca Imagin Emean
Radionuelide /% R B*(keV)
BGa B* PET 836
iy, IT SPECT -
$4Cu B PET 278

While these strengths are notable, it is essential to
recognize some limitations. First, translating
preclinical dosimetry to humans inherently involves
uncertainties due to physiological and anatomical
differences between species. Although standardized
interspecies  scaling methods employed,
variations in SSTR expression, tracer kinetics, and
organ sizes may influence the clinical applicability of
these findings. Although human absorbed dose
estimates were derived from rat biodistribution data
using a mass-based extrapolation method, it should be
acknowledged that interspecies differences in SSTR2
expression and renal clearance mechanisms may
influence the accuracy of direct translation. This
approach, however, represents a commonly accep
first-order methodology in preclinical dosimetry,
35] and is consistent with ICRP recommenda
[24].  While i
Physiologically Based Pharmacoki
models may further refine interspeci®

WEre

more advanced allg

such analyses were beyond thg
study. The use of large
potentially reduce scaling nty but would
preclude dissection and
necessitate imaging-based qua which

introduces additional limitations related to spatial

comprehensive  organ
ication,

resolution and equipment availability. Therefore, ex
vivo biodistribution studies in rodents remain a
valuable and dependable approach for estimating
human doses at the initial stage.

Second, using healthy animals may not fully reflect
the distribution patterns observed in patients with
multifocal or metastatic NETs. Future studies using
orthotopic or genetically modified models could offer
a more accurate representation of the clinical setting.

This statistical approach provides a robust
evaluation of time-dependent biodistribution patterns
while appropriately controlling for multiple
comparisons. Additionally, the limitation of the small
sample size (n=4) has been identified. This limitation

XX

is significant and may affect the statistical power and
generalizability of the results. Therefore, this
limitation will be mentioned in the revised manuscript.

It is important to note that the uncertainties in
absorbed dose reported in this study account for
propagated errors from time-activity curve fitting,
numerical integration, and S-values, offering a
conservative yet realistic estimation of dosimetric
accuracy.

In this study, all biodistribution experiments were
conducted in healthy rats, whereas the tracer
[**Cu]Cu-DOTATATE is designed for imaging NETs.
This represents a limitation, as the expression of
SSTR2 in the normal rat pancreas may not reflect
tumor uptake behavior. Additionally, the tumor-sink
ic distribution and organ doses
odels. Results obtained from

atterns in tumor models.

the injection of the radiopharmaceutical,
r studies are recommended for more accurate
ctions.

Finally, although this study primarily focused on
diagnostic purposes, the increasing interest in copper-
based theranostics highlights the need for further
exploration of **Cu/*’Cu pairs in therapeutic planning.
Due to their similar coordination chemistry and
biological behavior, [**Cu]Cu-DOTATATE is an ideal
candidate to pair with “Cu-DOTATATE, potentially
enabling more precise image-guided dosimetry and
personalized treatment approaches.

5. Conclusion

In conclusion, [**Cu]Cu-DOTATATE
demonstrated favorable biodistribution, with rapid
clearance from the bloodstream and substantial uptake
in SSTR2-positive tissues, particularly the pancreas.
The absorbed dose to most organs was relatively low,
supporting its safety profile. Given its favorable
pharmacokinetics and potential for theranostic
applications, [**Cu]Cu-DOTATATE
considerable promise as a PET imaging agent for the

shows

diagnosis and treatment of neuroendocrine tumors.
Future research should aim to further validate its

FBT, Vol. 13, No. 4 (Autumn 2026) XX-XX
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clinical use, particularly in combination with
therapeutic isotopes like ®’Cu, to advance personalized
treatment strategies.
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