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Test-retest repeatability of quantitative organ
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Abstract

Background Recently developed dynamic whole-body PET/CT (D-WB PET/CT) protocols allow for measurements of
potentially more precise metabolic parameters than the commonly used semiquantitative SUV. Most notable is the
metabolic rate of FDG uptake (MRqpg), which reflects quantitative glucose uptake into tissues and organs. However,
data on the reproducibility of MRgys measurements are scarce, particularly in patients with perturbed glucose
homeostasis such as type 2 diabetes. We therefore aimed to evaluate the test-retest repeatability of both MRy and
SUV in these patients.

Results Fifteen participants (mean age 71+ 7 years; 2 females) with type 2 diabetes underwent a short 20-minute
['®FIFDG D-WB PET/CT after 6 h fasting on two consecutive days. Both SUV and MRy images were reconstructed
from D-WB PET/CT data obtained 60-80 min post-injection of ['®FIFDG. MRep and SUV data were measured in
organs and tissues, and repeatability was assessed with Bland-Altman analysis, intraclass correlation coefficients (ICC),
repeatability coefficients (RPC) and coefficients of variation (wCV). There was high repeatability of both SUV,.,, and
MRepG_mean IN all measured organs (ICC range: 0.65-0.95 for SUV,.,, and 0.66-0.94 for MRepe_mean): SUVimean geNerally
demonstrated higher reliability (ICC) and lower variability (%RPC and %wCV) when compared to MRepe_ mean-
However, MR test-retest variation was < 19% in most analysed tissues, demonstrating that MRp; may be used as a
precise marker of treatment response.

Conclusion This study demonstrates that MRy calculated from D-WB PET/CT exhibit high repeatability, comparable
to SUVs across most organs in patients with type 2 diabetes.
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Introduction

Positron emission tomography (PET) with '8F-fluoro-
deoxyglucose (['*F]JFDG) has become a key tool in the
diagnostic and therapeutic follow-up of both malignant
and inflammatory diseases. In daily clinical practice, the
analysis of PET images is mostly based on a visual quali-
tative evaluation. This is often supplemented by a semi-
quantitative analysis using the standardized uptake value
(SUV), a measure of relative tracer radioactivity in a
region of interest, normalized to the total injected activ-
ity and body weight.

The SUV, however, has several inherent shortcomings
[1]. Pointedly, the SUV reflects not only the metabolically
phosphorylated [**F]FDG, but also includes the unbound
circulating tracer. This is particularly important in the
evaluation of highly perfused areas such as the vessels,
the kidneys, and the liver. Furthermore, as SUV measure-
ment is extremely dependent on the exact timing of the
scan after tracer injection, it may be seriously erroneous
if tracer is extravasated, and is also impacted by scan-
ner calibration settings [2]. The European Association
of Nuclear Medicine Research Ltd. (EARL) accredita-
tion program aims to harmonize and standardise scan
and reconstruction protocols, with the purpose of reduc-
ing variability both within and across departments [3, 4].
However, even with such measures in place, the evalua-
tion of SUV remains prone to biases, which have limited
the widespread use of semiquantitative values both in a
clinical and research setting.

Recent technological advances have made dynamic
whole-body PET/CT (D-WB PET/CT) easier to imple-
ment in clinical routine [5]. D-WB PET/CT imaging
produces not only the classical SUV images but also two
other reconstructions using the Patlak method, which
account for the time course of the arterial input func-
tion (AIF) [6, 7]: MRpp, representing the metabolic rate
of ['8F]FDG into the tissue; and DVypg representing the
distribution volume of free ['|*F]FDG in the reversible
compartment and the fractional blood volume [8]. Thus,
the Patlak parameters should be more specific and robust
to the variability of the AIF.

Several studies have assessed the clinical feasibility of
D-WB PET/CT [9, 10], improved the methodology thus
allowing for an overall reduction of scan time [11, 12, 13],
and provided a database of normal reference values for
various organs and tissues [14]. However, literature eval-
uating the reproducibility and repeatability of multipara-
metric ["*F][FDG D-WB PET/CT remains sparse. A single
study of 90 min dynamic scanning in nine patients by
Ince et al. [15] found that the repeatability of Patlak and
SUV values at late post-injection time points was similar
in FDG avid tumour lesions and selected organs within
seven days. However, in diabetic patients, widespread
insulin resistance may severely hamper glucose uptake in
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e.g. skeletal muscle and the heart, increase hepatic gluco-
neogenesis, increase circulating glucose levels and con-
sequently cause excretion of glucose by the kidneys. This
disrupted glucose homeostasis is theoretically expected
to impact the reproducibility of semiquantitative PET
measurements.

With the present study we aimed to assess the repeat-
ability of MRppg compared to SUVs in normal tissues
and organs using ['®F]JFDG PET/CT in a cohort of 15
patients with type 2 diabetes scanned on two consecutive
days with a short 20-min D-WB protocol. This approach
allows for decay of the tracer activity from the first scan
and minimizes changes in the metabolic milieu that
could be a consequence of altered eating habits, exercise,
or drug administration.

Methods

Study design

This test-retest study was part of a randomized controlled
trial (EudraCT-no.: 2021-003525-30) aiming to evaluate
the effect of the anti-inflammatory drug colchicine on
vessel wall inflammation in patients with type 2 diabetes
measured by ['FJFDG PET/CT. Of the 30 participants
that underwent ['*F]FDG D-WB PET/CT at baseline, 15
participants opted to participate in the present reproduc-
ibility study. In these patients, retest-scans were carried
out on the day following the baseline scan (24.0+0.8 h
mean interval between studies). Both scans were per-
formed before the trial's pharmacological interven-
tion. Data were collected between November 2022 and
May 2023 at a single trial site at Department of Nuclear
Medicine & PET-Centre, Aarhus University Hospital,
Aarhus, Denmark. The trial was approved by the local
ethics committee (Committees on Health Research Eth-
ics of the Central Region of Denmark, approval no. 1-10-
72-345-21) and complied with the Helsinki declaration.
All participants gave written informed consent prior to
enrolment.

Trial participants

Patients with type 2 diabetes and HbA1l->48 mmol/
mol (6,5%) and either age>50 years and a history of car-
diovascular disease or age>60 years and at least 1 risk
factor for CVD (e.g. albuminuria), were eligible for inclu-
sion. Participants were excluded if they had an estimated
glomerular filtration rate (eGFR)<50 mL/min/1.73 m?
active non-cutaneous cancer, liver disease, severe heart
failure, inflammatory bowel disease or cytopenia (anae-
mia, leukopenia, or thrombocytopenia). An exhaustive
list of inclusion and exclusion criteria can be found in the
Supplemental Table 1.
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Imaging protocol

All participants were scanned using a fully automated
short multiparametric 20-minute ['®F]JFDG D-WB PET
protocol 60-80 min post-injection performed on a Sie-
mens Biograph Vision 600 PET/CT scanner (Siemens
Healthineers, Knoxville, TN, USA). Participants fasted
for at least 8 h prior to imaging and abstained from caf-
feine and nicotine products on the study days. Blood
glucose levels and blood pressure were measured in all
participants. A standardized tracer infusion was admin-
istered using an Intego PET Infusion System (MEDRAD,
Inc., Warrendale, PA, USA) through a peripheral venous
catheter in the participant’s arm.

A low-dose WB CT (25 Ref mAs, 120 kV, Care Dose4D,
Care kV, Admire level 3) was performed, followed by a
20-minute multiparametric PET acquisition protocol,
consisting of 4x5 min WB passes, started 60 min after
tracer administration. The same protocol was repeated
on the following day for retest evaluation.

Input function analysis

To obtain multiparametric images from this short 20-min
D-WB PET acquisition protocol, a population-based
input function (PBIF) was used, scaled to the tail of the
image-derived input function (IDIF) following the meth-
odology described in the study by Dias et al. [12].

In brief, an automated delineation tool, developed by
Siemens Healthineers, known as automated learning and
parsing of human anatomy (ALPHA) [16] was employed
to generate a 1.6 mm?® cylinder VOI in the proximal
descending aorta in order to extract an IDIF. The correct
position of the VOI was verified by visual inspection. The
PBIF was then individually applied by scaling it to the
participant’s IDIF as measured on the four late passes.
Thus, this scaled PBIF (sPBIF) accounts for variations in
injected dose, the patient’s body composition, and tracer
distribution.

PET image reconstruction

In this study, 4 PET reconstructions were performed: (1)
The standard-of-care SUV image using PET data from
60 to 70 min (two passes): TrueX + TOF, 4 iterations, 5
subsets, 440 x 440 matrix, 2-mm Gaussian filter, and rela-
tive scatter correction; (2) An SUV image using PET data
from 60 to 80 min (four passes): TrueX + TOF, 6 itera-
tions, 5 subsets, 440 x 440 matrix, no filtering, and rela-
tive WB scatter correction; (3) and (4) Direct Patlak with
non-negativity constraints [6] was performed to recon-
struct the two parametric images (MRppg and DVip)
using data from 60 to 80 min (four passes) using the pre-
viously described PBIF: TrueX + TOF, 8 iterations, 5 sub-
sets, 30 nested loops, 440 x 440 matrix, 2-mm Gaussian
filter, and relative scatter correction.
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Image analysis

After image acquisition, the deep-learning (DL) software
TotalSegmentator [17] was applied to the low-dose WB
CT, automatically delineating structure VOIs. For this
study, we selected VOIs of the aortic wall, myocardium
of the left ventricle, right kidney, liver, lungs, pancreas,
spleen, and vertebra (L3). Furthermore, geometric VOIs
were placed in the liver (sphere, 30 mm radius), spleen
(sphere, 20 mm radius), and lung (sphere, 20 mm radius),
since these areas are more prone to movement which can
introduce biases to the quantitative measurements when
using VOIs automatically delineated from the CT infor-
mation. All VOIs were individually checked by ].M.B and
A.H.D. and manually adjusted to the respective areas if
necessary using PMOD® 4.0 (PMOD Technologies Ltd.,
Zirich, Switzerland).

Quantitative values of SUV_ ..., MRppg_mean and
DVipGomean Were extracted respectively from the
SUV¢0_80 minr SUV60_70 min, and the Patlak PET recon-
structions. MRpp is calculated as Ki x plasma glucose
and can be converted to the metabolic rate of glucose
(MRg,,) using MRgj, = MRppg/LC, where LC is the
lumped constant. All images and tables assume LC=1, as
LC is tissue-dependent and not established for all tissues.
To provide a more comprehensive analysis and account
for body composition variations, additional calculations
were performed, including SUV, (plasma glucose-cor-
rected SUV), SUL (lean body mass-corrected SUV), and
SUL,, (plasma glucose-corrected lean body mass-cor-
rected SUV). These metrics while not commonly used in
a clinical setting can potentially reduce intersubject vari-
ability and provide more accurate assessments of tracer
kinetics. Specifically, SUV, was calculated by multiply-
ing SUV by the plasma glucose concentration, while SUL
and SUL,, were obtained by normalizing SUV and SUV-
olu to lean body mass, respectively.

Statistical analysis

Normally distributed data are presented as mean * stan-
dard deviation or with 95% confidence intervals, data
with a non-normal distribution are presented as median
values with interquartile ranges. Data normality was
evaluated with histograms and QQ-plots.

The repeatability of SUVs, MRppg and DVyppg was
assessed with a Bland-Altman Analysis similar to
Jochumsen et al. [18]. Non-normal distributed data were
log-transformed, and the within-subject coefficient of
variability, intraclass correlation coefficients (ICCs) and
repeatability coefficients (RPC) were calculated accord-
ing to the methodology described by Lodge et al. [19]. In
brief, the RPC was calculated as 1.96 x V2 x wCV, where
wCV represents the within-subject coefficient of varia-
tion for log-transformed data. Bland—Altman plots of
MR are presented in the original scale, whereas limits
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of agreement are back-transformed using the methodol-
ogy of Euser et al. [20]. The percentage RPC (%RPC) was
expressed for easier understanding of the measurements
relative to the size of the measured values. A lower %RPC
suggests better repeatability, indicating that the measure-
ment error is small relative to the size of the measure-
ments [21].

Examples of sample size calculations were performed
using a two-sided significance test of no difference for
paired log-normally distributed data, with a significance
level of 5% and a power of 95%. These calculations were
based on the standard deviation of the difference between
the logarithm of the test and the logarithm of the retest.

Study data were collected and managed using REDCap
(Vanderbilt University Medical Center, Nashville, TN,
USA) [22, 23]. Data analysis was conducted using Stata
version 18.1 (StataCorp LLC, College Station, TX, USA).

Results

Participant characteristics

Fifteen participants were included in this test-retest
study. Mean age of the participants was 71 years, and
the median diabetes duration was 13 years. Overall, the
participants demonstrated effective management of
traditional risk factors, including glucose levels, blood
pressure, and LDL cholesterol. Detailed clinical and bio-
chemical characteristics of the participants are presented
in Table 1.

Repeatability analyses

Values of SUV, ... MRppg mean @and DVepg pcan were
obtained for the automatic delineations of the aorta wall,
myocardium, kidney, liver, lung, pancreas, spleen, bone,
as well as for geometric VOI delineations in the liver,
spleen and lung. These results, displayed in Table 2, are
similar to those available in previous literature [14].

Table 1 Clinical and biochemical characteristics of study patients
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SUV, . can generally demonstrated higher reliability
(ICC) and lower variability (%RPC and %wCV) compared
to MRrpg_mean @1d DVppg_mean @Cross most organs.
These results, summarized in Table 3, align with our
post hoc power calculations for each organ (Supplemen-
tal Table 2), where MRppi_ean required larger sample
sizes than SUV ., to achieve sufficient statistical power
for detecting change. Reliability and variability results
for SUV(60-70),,.., and Patlak intercept values are pre-
sented in Supplemental Table 3, reliability and variabil-
ity results for SUVy,, SUL, and SUL,, along with the
respective formulas for each calculation are presented in
Supplemental Table 4.

Of all the analysed organs, the myocardium exhib-
ited the highest reliability for both SUV ., ICC=0.95)
and MRppg_mean (ICC=0.94), albeit with consider-
able variability (%RPC=40% and 65%, respectively).
The lungs equally showed strong reliability (SUV ..,
ICC=0.85, MRppg_mean ICC=0.84) with moderate vari-
ability (%RPC=21% and 38%, respectively). Similarly,
the pancreas demonstrated good reliability for SUV ..,
and MRppg_pmean but with notably higher %RPC for
MRFDG—mean (49%)‘

In contrast, organs such as the spleen and kidney dis-
played only moderate reliability. For the spleen, SUV ...
exhibited an ICC of 0.73 with a %RPC of 27%, while
MRppG_mean  Showed reduced reliability (ICC=0.67)
and slightly increased variability (%RPC=36%). The
kidney showed comparable reliability for both metrics
(ICC~0.66-0.68), with high %RPC for MRppg_mean (67%).
Curiously, the liver exhibited only moderate reliability for
SUV,ean ICC=0.65, % RPC=15%) and improved reli-
ability for MRppg_mean (ICC=0.83, %RPC =31%).

Interestingly, the use of geometric delineation showed
mixed results in the 3 chosen organs. For the liver, there

was similar reliability of SUV ., values and MRppc_mean

Age-years 717
Sex—n (%) Male 13 (87%)
Female 2 (13%)
Body mass index 320432
Diabetes duration- years 13 [4-17]
24 h blood pressure Systolic (mmHg) 123+11
Diastolic (mmHg) 75+6
History of cardiovascular disease— N (%) 11(73)
Biochemical characteristics HbAT - (mmol/mol) 55+7
LDL cholesterol (mmol/L) 1.5[1.2-1.9]
B-Glc Scan Day 1 (mmol/L) 76[58-11.8]
B-Glc Scan Day 2 (mmol/L) 7.8[6.0-12.9]
Medication use— N. (%) Metformin 13(87)
SGLT2 inhibitor 7 (47)
GLP-1 receptor agonist 7 (47)
Insulin 2(13)
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Table 2 Quantitative study results
ORGAN/METRIC SUV (60-80),,can SUV (60-70),can MRpG-_mean DVepG-_mean
(g/mL) (g/mL) 100 x (umol/g/min) (%)
Aortic wall D1 1.88 [1.45-2.26] 1.9 [1 A4-2.23] 244[1.91-4.01] 52.53 [36.77-63.55]
D2 4 [1.49-2.4] 6 [1.46-2.13] 2.58[1.48-3.27] 50.82 [42.19-59.85]
Myocardium D1 5 [0.86-6.88] 5[0.87-6.48] 1.93[0.88-22.62] 33.57 [16.84-68.39]
D2 6 [0.85-8.33] 9[0.89-8.16] 1.74[1.28-21.74] 26.92[19.01-131.75]
Kidney (right) D1 3.29[2.4-4.07] 3.34[2.38-4.1] 4.7 [2.87-10.85] 79.51[38.76-133.06]
D2 3.24[2.53-4.45] 3.25[247-4.46] 5.66 [2.09-7.72] 7242 [54.03-133.72]
Liver D1 2.27[1.77-2.59] 2.36[1.77-2.64] 4[2.24-6.05] 62.4[51.8-80.65]
D2 227[212 2.71] 232[2.14-2.56] 335[244 4.8] 56 [43.32-74.51]
Lungs D1 0.51[031-0.72] 0.52[032-0.71] 0.93[0.57-1.94] 10.01 [6.12-15.18]
D2 053[037 0.8] 054[038 0.72] 0.89[0.47-1.52] 10.18 [6.65-15.87]
Pancreas D1 6[0.86-1.72] 6 [0.89-1.65] 265 [1.54-5. 66} 2233 [12.66-31.93]
D2 1.34[0.87-1.99] 1. 2[086 79] 2.76[1.25-4.3] 22.56 [11.91-32.52]
Spleen D1 1.8 [1.29-2. 13] 1.79[1.29-2.18] 3.34[2.1-492] 39.29 [26.78-67.63]
D2 1.91[0.89-2.16] 1.92[0.88-2.05] 335[2.6-4.24] 37.34[13.31-51.95]
Vertebra (L3) D1 1.55[1.1-1.73] 1.45[1.06-1.64] 3.92[2.02-7.98] 13.24 [7.15-32.16]
D2 62 [1.06-2.05] 501 06—2] 4.09[1.15-6.25] 1473 [6.99-27.73]
Liver (Geometric) D1 2.25[1.77-2.66] 23301.77-272] 34[2.05-6.47] 60.99 [44.96-81.2]
D2 2.32[2.06-2.67] 2.31[2.1-2.65] 3.55[2.23-54] 57.51[42.67-73.94]
Spleen (Geometric) D1 5[1.28- 226} 6 [1.29-2.3] 3.15[2.03-64] 42.06 [26.62-58.05]
D2 5[06 11] 2[0.62-2.11] 3.26[1.57-4.23] 38.37[11.02-54.68]
Lung (Geometric) D1 0.38 [0.19-0. 58} 0.37[0.19-0.57] 0.66 [0.37-1.44] 7.64[3.23-11.52]
D2 0.37 [0.25-0.66] 0.38[0.25-0.6] 068[031-1.12] 7.74[3.79-134]
Values are median [min-max]
D1: First scan day; D2: Second scan day
Table 3 Reliability and variability results for SUV(60-80)mean and MRFDG—mean
ORGAN/METRIC 1ICC %RPC %wCV
Aortic wall SUV pean 0.69 19 6.7
MRep6mean 066 38 133
Myocardium SUV hean 0.95 40 14.0
MRepG-mean 0.94 65 231
Kidney (right) SUV e 068 25 20
MRepG-mean 0.66 67 234
Liver SUV,ean 065 15 54
MRepe mean 083 31 13
Lungs SUV pean 0.85 21 8.1
MRep6mean 0.84 38 132
Pancreas SUV 1 ean 0.88 14 6.6
MRepG-mean 0.81 49 173
Spleen SUV ean 0.73 27 94
MREpG-mean 0.67 36 129
Vertebra (L3) SUV ean 0.77 19 75
MRepe mean 078 53 185
Liver (Geometric) SUV hean 0.66 15 57
MRep6mean 0.76 43 16.7
Spleen (Geometric) SUV hean 0.61 44 15.7
MRepemean 047 64 223
Lung (Geometric) SUV,nean 0.87 24 9.2
MREpG-mean 0.88 38 134

ICC: Interclass correlation coefficients; RPC: Repeatability coefficients; wCV: Within-subject coefficient of variation
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values, whereas there was a notable increase in %RPC for
MRppG_mean Values (43% vs. 31%), reflecting a reduced
precision in the measured values. Conversely, for the
spleen, geometric segmentation appeared to have
reduced reliability, especially for MRppi_pean (ICC=0.47
vs. 0.67), as well as leading to a significant increase in
%RPC for both SUV_ ... and MRppg_mean- Finally, in the
lung, reliability and precision were largely unaffected by
the use of geometric delineation.

Correlation plots and Bland-Altman plots are presented
in Figs. 1, 2, 3 and 4 and Supplemental Figs. 1-7. The
Bland-Altman analyses showed that the test-retest results
across all organs were evenly distributed, indicating no
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significant systematic bias toward either a negative or
positive trend.

Adjusting SUV values for plasma glucose and/or lean
body mass resulted in only minor changes to reliabil-
ity while noticeably increasing variability. Compared to
SUV, these corrections did not consistently enhance reli-
ability and introduced greater variability, suggesting SUV
remains a reliable option in daily clinical practice. Inter-
estingly, SUL demonstrated superior reliability and the
lowest variability across most organs, surpassing SUV
and SUL,,, thus emerging as the most robust metric
among the analysed corrections.
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Fig.1 Correlation plots (A and C) and Bland—Altman plots (B and D) demonstrating the repeatability of SUV(60-80)
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Bland—Altman plots, the solid line marks the mean difference between the test and retest results, while the dashed lines represent the 95% upper and
lower limits of agreement. The limits of agreement of log-transformed data are transformed back to original scale
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Myocardium
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Fig.2 Correlation plots (A and C) and Bland—Altman plots (B and D) demonstrating the repeatability of SUV(60-80) ., (A and B) and MR mean (€ and
D) in the left ventricular myocardium. In the correlation plots, the dashed lines indicate the lines of identity, whereas the solid lines represent the linear
regression fit. In the Bland—Altman plots, the solid line marks the mean difference between the test and retest results, while the dashed lines represent
the 95% upper and lower limits of agreement. The limits of agreement of log-transformed data are transformed back to original scale

Discussion

This study assessed the reliability and precision of
SUV,ean and MRppe o in @ cohort of patients with
type 2 diabetes, across various selected automatically
delineated organs, as well as evaluating the impact of
geometric subsegmentations.

Previous studies reporting on the repeatability in ['8F]
FDG SUV measurements have mostly focused on the
assessment of tumour lesions [24, 25, 26, 27, 28]. A meta-
nalysis by Langen et al. [29] suggested that a 25% varia-
tion in SUV,_,,, variation in studies performed within
30 days of each other might be used as a threshold for
significant changes in lesions between studies, while the

PERCIST criteria established a 30% variation of SUV-
peak @S significant [30]. Fewer studies have evaluated the
reproducibility of quantitative values in organs, with
most focusing on specific organs such as the liver, show-
ing variabilities in the 6-11% range over studies spaced
up to several months [31, 32]. A study by Malaih et al.
showed variations of SUV .., in studies performed up
to 5 days apart, to be as high as 65% in the myocardium,
23% in the skeletal muscle, and up to 31% in the lung [27].
The results of our study, across all evaluated organs, dis-
played much smaller variations of SUV ., values (< 14%
between studies).
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Furthermore, almost no studies have reported on the
reproducibility of ['®F]JFDG Patlak parametric values
in organs. To the best of our knowledge, only a single
previous study by Ince et al. [15] has reported on the
test-retest repeatability of both MRpp; and SUV mea-
surements from ['®F]JFDG PET/CT at early (35-50 min)
and late (75-90) time points. In their study, reproduc-
ibility of these measurements was assessed in selected
organs including the liver, lungs and spleen, as well as
the skeletal muscle in nine patients with various types of
cancer. As expected, the authors also reported a slightly
worse performance of MRy compared to SUV, with

variations up to 15% in the skeletal muscle and spleen for
MRgp from late PET dynamic data.

The results obtained in our study, based on data
obtained from 60 to 80 min post tracer administration,
revealed a similar pattern, indicating that SUV ., gen-
erally outperforms MRppg_mean i both reliability and
precision across the analysed organs, with the myocar-
dium, pancreas, and lungs showing the best repeatabil-
ity results. However, for both SUV ... and MRppe_mean
measurements, we did not observe statistically signifi-
cant variations between study days in any of the assessed
organs. Regarding the main aim of this study, it is par-
ticularly noteworthy that MRppg_mesn Measurements



Baier et al. EINMMI Research (2025) 15:56 Page 9 of 11
Spleen
A SUVmean
2271 .
y=1.06x-0.09 06 RPC: 27.1%
9 1 ICC=0.73 o ,(001
18+ 5
3 02 dPD
%16} = 05 m
% ,‘5 0 —B +0.01 [p=0.92]
X 14} Qo E]D O
) O
 -0.2 O
-0.6 : *
0.8 h 1 1.5 2
1 1.5 2 Mean Test & Retest
Test
Spleen
M RFDG—mean
C D
. 0,
0.05 y=0.46x+0.02 0.02+ RPC: 36.1%
0.045 ICC=0.67
0.04 @ -
; N
$ 0.035 o L
Y Q OF 0o o O = O +5.59e-04 [p=0.45]
0.03 @ O
n+5 599\1-2,..
0.02 : : :
6,02 0.03 0.04 0.05 0.02 0.025 0.03 0.035 0.04
Test Mean Test & Retest

Fig. 4 Correlation plots (A and C) and Bland-Altman plots (B and D) demonstrating the repeatability of SUV(60-80)

A and B) and MR¢pg mean (€ and

mean (

D) in the spleen. In the correlation plots, the dashed lines indicate the lines of identity, whereas the solid lines represent the linear regression fit. In the
Bland—Altman plots, the solid line marks the mean difference between the test and retest results, while the dashed lines represent the 95% upper and
lower limits of agreement. The limits of agreement of log-transformed data are transformed back to original scale

demonstrated consistent reliability, with a coefficient
of variation below 19%. The only exceptions were the
measurements of kidney activity (wCV =23%), an organ
which is obviously subject to marked activity varia-
tion due to its excretory function; and the myocardium
(WwCV =23%), an organ known to show high variation in
physiological glucose activity. Therefore, our study fur-
ther reinforces the consistency of MRpp measurements
in a test-retest setting, allowing a safe use of such mea-
surements in both clinical and research conditions. We
found that SUV measurements were less susceptible to
day-to-day variation, likely due to the composite nature
of the metric. The SUV image represents the total signal

from 60 to 80 min, whereas the quantitative parametric
images, MRppg and DVyp, decompose this signal into
two components using kinetic modelling. Thus, the two
Patlak-derived parametric images are inherently nois-
ier than the SUV images. The quantitative parametric
images offer greater physiological insight, but this comes
at the expense of increased variability. Additionally, para-
metric images require the selection of a physiologically
appropriate model and application of motion compensa-
tion to reduce artifacts, which are both subjects of ongo-
ing research in the field.

Some limitations should be noted. Although larger
than previous studies, we used a relatively small sample
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size, which could limit the robustness of our findings.
Also, contrary to most previous test-retest studies, we
evaluated repeatability of ['*F]JFDG D-WB PET/CT in
normal organs within a non-oncologic population. While
such data should, in theory, better reflect natural physi-
ological functions unaffected by oncological drug inter-
ventions, it remains uncertain whether these insights can
be effectively applied to oncological patients. Further-
more, the selected patients were not healthy controls but
patients with type 2 diabetes selected to participate in an
interventional drug trial. Therefore, a selection bias was
present. However, since there were no pharmacologi-
cal interventions between study dates, we consider the
obtained data to reflect true physiological variation. The
short time interval (~24 h) between the test and retest
scans is a notable strength that could reflect the daily
variation in organ physiology.

The Patlak model operates under the assumption of
irreversible FDG uptake, where FDG is retained in the
form of FDG-6-phosphate and should be used with
D-WB data only after the blood pool and the reversible
compartments (comprising free FDG in blood and tissue)
have reached a steady state. It is important to note that
these assumptions are not universally applicable to all tis-
sues, which must be considered when evaluating multi-
parametric images. For instance, tissues like the liver and
kidneys are probably more accurately represented by
reversible kinetic models. Even though the calculated val-
ues might not all be physiologically meaningful, this bias
should not interfere with the current test-retest analysis.

An automated delineation software of interest regions
was chosen to simplify the data extraction process.
However, since organ delineation is performed from CT
data, the output VOIs can be misaligned with PET data,
especially with multiparametric images, as previously
reported [9]. This misregistration arises because PET and
CT data are obtained at different time points, with respi-
ratory movement particularly affecting regions placed in
organs near the diaphragm, such as the liver, lungs, and
spleen. While we attempted to manually correct signifi-
cant errors, spillover from neighbouring organs was still
observed in some organs, in particular with liver activity
extending into the automatically delineated lung region.
Curiously, the use of carefully placed geometric regions
in the liver, spleen, and lung parenchyma did not improve
measured reproducibility results, reinforcing the validity
of the automatically extracted data.

It should also be noted that the study data was obtained
by performing a short 20 min dynamic acquisition, using
a recently published population-based input function
(PBIF) [12]. The use of such a short protocol enhances
the feasibility of performing more precise multiparamet-
ric quantitative evaluations in regular clinical practice,
where traditional long dynamics studies are not viable.
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As noted in the previous publication, a slight correc-
tion to the standard PBIF may be advisable for diabetic
patients. In our study, however, no such correction was
applied. This should not impact the results of the test-
retest evaluation, as any potential bias would be consis-
tent across both scans.

Conclusions

In conclusion, this study demonstrates that both SUV
and MRy values derived from [**F]JFDG D-WB PET/
CT are highly robust, showing excellent repeatability in
studies conducted on consecutive days. This reliabil-
ity enhances clinicians’ confidence in interpreting these
measurements for both clinical practice and research
applications.
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