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A B S T R A C T   

44Sc is an increasingly investigated positron emitter for use in positron emission tomography (PET) imaging. 
However, 44Sc is a non-pure positron emitter, since prompt photons are co-emitted during the decay process. This 
study investigates coincidence energy spectra of 44Sc and its impact on PET quantification on a preclinical and 
clinical PET system in comparison with 18F. The raw data of the coincidence events revealed characteristic 
differences comparing the photon energy distribution of 44Sc and 18F. Due to prompt gamma emission of 44Sc, 
activity recovery is underestimated on PET systems. However, clinical PET imaging of 44Sc with acceptable 
quantitative accuracy appears feasible by using a single, constant correction factor.   

1. Background 

In the last decade, the radionuclide scandium-44 (44Sc) has gained 
increasing attention in medical research and radiopharmaceutical 
development for use in positron emission tomography (PET) imaging 
(Müller et al., 2018). The development of a44Ti/44Sc generator system 
(Filosofov et al., 2010; Roesch, 2012) and the possibility to produce 44Sc 
with a cyclotron using calcium targets (Severin et al., 2012; Krajewski 
et al., 2013; van der Meulen et al., 2015) are poised to ensure the 
availability of the radionuclide. In addition to the possibility of decen
tralized production with distribution to outsourced PET centers, a 
half-life of about 4 h opens up the possibility of observing biological 
processes that are subject to slow kinetics and require acquisitions up to 
24 h p.i. (Umbricht et al., 2017; Müller et al., 2018). Recent phantom 
studies revealed superior image resolution of 44Sc compared to the 
widely used 68Ga in preclinical setting (Bunka et al., 2016; Rosar et al., 
2020). Due to the chemical similarity of the 44Sc3+ to the 68Ga3+, stable 
complexes can be formed with already clinically established chelators 
such as DOTA (1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic 

acid) (Huclier-Markai et al., 2011; Majkowska-Pilip and Bilewicz, 2011; 
Pruszyński et al., 2012; Domnanich et al., 2016). In recent years, several 
preclinical studies on 44Sc-labelled tracers have been performed, which 
have shown promising results (Koumarianou et al., 2012; Eigner et al., 
2013; Honarvar et al., 2017; Nagy et al., 2017). First clinical studies with 
[44Sc]Sc-PSMA-617 and [44Sc]Sc-DOTA-TOC confirmed the potential 
benefit of using 44Sc in PET in humans (Eppard et al., 2017; Singh et al., 
2017; Khawar et al., 2018). 

44Sc decays by positron emission with a branching fraction of 94.3% 
and by electron capture with about 5.7%. However, 44Sc is a non-pure 
positron emitter, since prompt photons are co-emitted during the 
decay process to stable 44Ca. Fig. 1 presents the decay scheme of 44Sc. 
Although these prompt photons have an energy (mainly 1157 keV) 
above the conventional PET detection energy range, they can influence 
PET data acquisition after scattering with matter and associated loss in 
energy. As known for other non-pure positron emitters (e.g. 86Y and 
124I), additionally emitted photons can lead to random as well as mul
tiple coincidences. This can result in a different energy distribution of 
the coincidently detected photon pairs, which may in turn lead to an 
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incorrectly calculated activity in the reconstructed images, as PET sys
tems are calibrated based on a normalization to the pure-positron 
emitter 18F. 

There is only one study, recently published by Lima et al. (2020) 
focusing on quantification of 44Sc in PET. These authors state that 
further work on corrections is still necessary to improve the quantitative 
accuracy of 44Sc in PET. In this context investigation of coincidence 
energy spectra of 44Sc and its influence on PET quantification is of high 
importance but has not been published so far. In an attempt to close this 
gap, we performed phantom measurements on a preclinical and a clin
ical PET system. We analyzed the energy distribution in raw data and the 
recovered activity in the reconstructed images and compared it with 18F, 
the most common used pure positron emitter in nuclear medicine. 

2. Material and methods 

2.1. Radionuclides 

2.1.1. 44Sc 
44Sc was obtained from a44Ti/44Sc generator system that was 

developed at the Institute of Nuclear Chemistry at Mainz University, 
Germany (Filosofov et al., 2010). Briefly, ~170 MBq of 44Sc were eluted 
with 20 ml of a mixture consisting of 0.07 M hydrochloric acid and 
0.005 M oxalic acid. 44Sc was trapped on a cation exchange resin (AG 
50W-X8) and eluted with 3 ml of a 0.25 M ammonium acetate solution 
(pH4). This procedure resulted in ~130 MBq of 44Sc containing less than 
10 Bq of 44Ti-activity (Roesch, 2012). Quality control included 
thin-layer chromatography (TLC) for chemical purity and 
gamma-spectroscopy for radionuclidic purity (Pruszyński et al., 2010). 
The activity of 44Sc was measured in a dose calibrator (Nuvia ISOMED, 
2010; Nuvia Instruments, Dresden, Germany) using 18F-calibration set
tings. A conversion factor of 0.70 to account for absolute 44Sc activity 
was applied, which was initially evaluated by the group of Roesch in 

comparison to spectrometry measurements on a calibrated Ge(Li) de
tector (Roesch, 2012). 

2.1.2. 18F 
18F was used as commercially purchased 18F-fluorodeoxyglucose 

(Life Radiopharam f-con GmbH, Holzhausen, Germany). The activity of 
the samples used was determined in a dose calibrator (Nuvia ISOMED, 
2010; Nuvia Instruments, Dresden, Germany). 

2.2. PET systems and reconstructions 

2.2.1. Mediso nanoScan PET/MRI 
The nanoScan PET/MRI (Mediso Medical Imaging Systems, Buda

pest, Hungary), in the following referred to as “nanoScan”, is a hybrid 
small animal scanner consisting of a 12-detector block PET system and a 
1-T magnet resonance imaging (MRI) system. Every detector block is 
composed of 39 × 81 lutetium-yttrium oxyorthosilicate (LYSO) crystals 
with dimensions of 1.12 mm × 1.12 mm x 13.00 mm (total crystal 
number: 37908). The effective axial field of view (FOV) spans 94 mm. 
According to the manufacturer, the PET spatial resolution is 700 μm. The 
coincidence time window on the nanoScan is 5 ns. 

2.2.2. Siemens Biograph 40 mCT PET/CT 
The Siemens Biograph 40 mCT (Siemens Medical Solutions, Knox

ville, USA), in the following referred to as “Biograph”, is a clinically 
established human hybrid PET/CT scanner. The PET system consists of a 
total of 4 rings, each with 48 detector blocks, which are each constructed 
from a 13 × 13 grid of 4 mm × 4 mm x 20 mm lutetium oxyorthosilicate 
(LSO) crystals (total crystal number: 32448). The effective axial FOV is 
216 mm. The coincidence time window on the Biograph is 4.1 ns. 

Fig. 1. Decay scheme of 44Sc.  
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3. Reconstructions 

Iterative TeraTomo-3D reconstruction based on an 3D ordered subset 
expectation maximization (OSEM) algorithm was performed on the 
nanoScan using the presets as recommended by the manufacturer (12 
iterations, 6 subsets, normal regularization (α = 0.0005), voxel size 0.4 
mm × 0.4 mm x 0.4 mm, energy window used for reconstruction: 
400–600 keV). On the Biograph, reconstruction settings were used that 
were previously validated within the EANM accreditation program 
EARL (Boellaard et al., 2015). These are: an iterative 3D-OSEM recon
struction with 3 iterations, 24 subsets, 5 mm Gaussian filtering, a voxel 
size of 4 mm × 4 mm x 5 mm and an energy window used for recon
struction of 435–650 keV). As recommend by EARL, no additional 
time-of-flight (TOF) or point-spread function (PSF) modelling tech
niques were applied. In the context of our study, these reconstruction 
settings are termed standard reconstruction settings. To convert the 
measured coincidences into activity values, a normalization was used, 
which was created during the calibration of the respective scanner for 
18F. On both scanners the specific half-lives and branching fractions of 
44Sc and 18F were taken into account in the reconstruction process. All 
reconstructions included corrections for scatter, attenuation, dead time 
and decay as implemented by the respective manufacturer. On the 
nanoScan, scatter and attenuation correction are performed based on an 
MRI-based material map, whereas on the Biograph these corrections are 
based on a low-dose CT. 

3.1. Phantoms 

In the preclinical setting on the nanoScan, the well-known stan
dardized image quality phantom NEMA NU 4–2008 (National Electrical 
Manufacturers Associaton (NEMA), 2008) was used (capacity 30 ml), in 
the clinical setting on the Biograph, a cylindrical PMMA (poly
methylmethacrylate) phantom (inner/outer length: 240/300 mm, 
inner/outer diameter: 175/195 mm, capacity 6 l). Both phantoms were 
filled with various activities of 44Sc and 18F, respectively. 

4. Measurements and analysis 

4.1. Energy spectra of coincidence events 

For the analysis of the energy spectra of coincidence events, mea
surements of the image quality phantom were performed on the nano
Scan using a PET acquisition time of 60 s and activities for both nuclides 
(44Sc, 18F) ranging from 8 MBq down to 1 MBq. All measurements were 
repeated three times. The acquired listmode data, containing informa
tion of the energy of coincidence events, were exported and read out 
with an in-house MATLAB script (version 9.0, MathWorks, Natick, USA). 
Each event was analyzed with respect to the energy distribution. Here
by, a constant number of events (the first n = 106 events) was taken into 
account. Furthermore, the coincidence rates and the pile-up factors, 
used for dead time correction, were exported and compared. 

4.2. Activity recovery 

Analysis of activity recovery was done on both scanners with 44Sc 
and 18F. Successive PET scans with both radionuclides were acquired for 
30 min each with activities ranging from 8 to 1 MBq on the nanoScan 
and 80 to 10 MBq on the Biograph. All measurements were repeated 
three times. The reconstructed PET data were analyzed with the soft
ware packages PMOD (version 4.1, PMOD Technologies LLC, Zurich, 
Switzerland) and Rover (version 2.1.1.12, ABX advanced biochemical 
compounds GmbH, Radeberg, Germany). Mean reconstructed activity 
concentration was determined using a cylindrical ‘Volume-of-Interest’ 
(VOI) of approximately 5 ml in the Image quality phantom and of 
approximately 3500 ml in the cylindrical phantom, each placed in the 
middle part of the main chamber of the respective phantom. The entire 

reconstructed activity in the phantom was extrapolated by multiplying 
the mean activity concentration in the VOI with the corresponding 
phantom volume. 

5. Results 

5.1. Energy spectra of coincidence events 

The raw data of the coincidence events (detection range: 0–1022 
keV) read out on the nanoScan revealed characteristic differences 
comparing the photon energy distribution of 44Sc and 18F. 

With 44Sc compared to 18F, a higher number of detected photons was 
measured in the range of 150–400 keV (“Compton peak”) and in the 
peripheral regions (<150 keV, > 750 keV), whereas a smaller number 
was found in the ranges of 400–600 keV (”511 keV photopeak”) and 
600–750 keV. Fig. 2 exemplifies the resulting energy spectra for both 
44Sc and 18F, which were measured for a number of n = 106 coincidence 

Fig. 2. Energy spectra of 44Sc (red) and 18F (black) using 8 MBq [A], 4 MBq [B] 
and 1 MBq [C]. (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.) 
(Histograms shown with bin of 5 keV). 
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events and phantom activities of 8, 4 and 1 MBq. A table summarizing 
the average percentage energy distribution of the detected photons 
depending on the activity used is presented in the supplement material 
(Table S1). Comparing the results for the different applied phantom 
activities, only small variations were observed. 

In addition, these features are pointed up in Fig. 3 showing the en
ergy distribution pattern of the two photons of coincidently detected 
photon pairs. For illustrative purposes, samples of n = 104 coincidence 
events were plotted. On the nanoScan, only those coincidence events 
with energies of both coincidently detected photons between 400 and 
600 keV were used for image reconstruction. The percentage of the 
measured events in this energy range averaged 17.2% (16.2–17.8%) for 

44Sc and 24.4% (23.2–25.0%) for 18F, corresponding to ratio of 0.706 
(44Sc/18F) or a relative difference of − 29.4%. 

Fig. 4 shows the percentage of detected photon pairs in the energy 
range 400–600 keV depending on the activity used. A complete distri
bution of the photon pairs is given in the supplement material (Table 
S2). 

The analysis of the coincidence rate over the entire energy spectra 
and the pile up factors revealed a higher coincidence rate for 44Sc than 
for 18F (mean difference +9.3%) (Fig. 5a), while similar pile up factors 
were observed for both radionuclides (mean difference of 0.5%) 
(Fig. 5b). 

Fig. 3. Energy distribution pattern of the two photons of coincidently detected photon pairs for a sample of the first n = 104 coincidence events of 44Sc (red) and 18F 
(black) using 8 MBq [A], 4 MBq [B] and 1 MBq [C]. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 
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5.2. Activity recovery 

Compared to 18F, the reconstructed image data sets revealed signif
icantly lower values of reconstructed activity for 44Sc on the nanoScan as 
well as on the Biograph. Notably, for both, 44Sc and 18F, a linear rela
tionship between the true and reconstructed activity was found (Fig. 6). 
The corresponding linear regression analyses resulted in reconstructed 
PET activity of 73.5% (44Sc) and 99.2% (18F) for the nanoScan and of 
78% (44Sc) and 102.2% (18F) for the Biograph. 

Thus, compared to 18F, the reconstructed activity for 44Sc was lower 
by 26.0% on the nanoScan and by 27.3% on the Biograph. Consequently, 
to quantify 44Sc PET measurements performed on a scanner with 18F 

normalization, an inverse correction factor, 1.35 for the nanoScan and 
1.31 for the Biograph, has to be considered. 

6. Discussion 

In the present study, phantom measurements with the non-pure 
positron emitter 44Sc were performed to investigate the impact of 
prompt gamma emission on the accuracy of quantitative PET results. 

The energy distribution of coincidently detected photon pairs of 44Sc 
were compared to those of 18F on a small animal PET/MRI (nanoScan). 
Furthermore, the activity recovery of both radionuclides in recon
structed images was determined for this small animal PET/MRI, and in 
addition, for a human PET/CT (Biograph). Results on both scanner types 
were compared. We used the corrections and the reconstruction pa
rameters as recommended by the manufacturers and validated by the 
accreditation program, respectively. 

In contrast to 18F, 44Sc is a non-pure positron emitter. In the decay 
process from 44Sc to 44Ca, additional prompt photons, so-called cascade 
photons, are emitted during decay. 99.9% of these photons have an 
energy of 1157 keV when they are generated, which is higher than the 
detection range normally used in PET (0–1022 keV). However, due to 
interaction with matter (primarily Compton scattering) those photons 
lose some of their energy. As a consequence, the detection of random 
cascade coincidences (coincidence of an annihilation photon and a 
cascade photon or of two cascade photons) or of triple coincidences 
(coincidence of two annihilation photons and a cascade photon) can 
occur. Therefore, differences in the respective energy spectra of coin
cidently detected photon pairs from 44Sc and 18F were expected and 
verified in the present study. 

Considering the total of coincidently detected photons and 

Fig. 4. Percentage of coincidently detected photon pairs in the energy range 
400–600 keV for 44Sc (red) and 18F (black) depending on the activity used. (For 
interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 

Fig. 5. Total coincidence rates [A] and pile-up factors [B] for 44Sc (red) and 18F (black) depending on the activity used. (For interpretation of the references to colour 
in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 6. Activity recovery for 44Sc (red) and 18F (black) on nanoScan [A] and Biograph [B]. (For interpretation of the references to colour in this figure legend, the 
reader is referred to the Web version of this article.) 
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comparing the results of 44Sc and 18F, a lower percentage of non- 
scattered annihilation photons was observed for 44Sc in the energy 
ranges of 400–600 keV and 600–750 keV. In addition, a higher per
centage was found in the energy ranges of 150–400 keV, < 150 keV and 
750–1022 keV (see Figs. 2 and 3 and supplement material). As Compton 
scattering is the most prominent interaction for the 44Sc gamma rays 
(energy 1157 keV), the detection of different cascade coincidence events 
could be expected resulting in the observed higher proportion of events 
in the energy ranges 150–400 keV, < 150 keV and 750–1022 keV in 
comparison to 18F. However, triple coincidences also arise with only the 
first two of the three photons being stored on the nanoScan according to 
the manufacturer’s specifications. The lower proportion of coincidence 
events in the range of the non-scattered annihilation photons (400–600 
keV) for 44Sc, compared to 18F, may therefore be explained by loss of 
annihilation photons during data acquisition. 

To ensure optimized PET image resolution, only those coincidence 
events are used for image reconstruction, when both photons are 
detected within a preselected energy window. On the nanoScan, this 
energy window is fixed to an energy range from 400 to 600 keV. Only 
about 17.2% and 24.4% of the coincidently detected photon pairs for 
44Sc and 18F fulfilled this condition (see Fig. 4). The resulting significant 
difference between 44Sc and 18F of 7.2% absolute and 29.4% in per
centage terms, respectively, should be explained, as mentioned above, 
by the impact of the contribution of the different cascade coincidences of 
44Sc. For all other coincidences, the energy requirement was not met for 
at least one of the two photons. Altogether, these results clearly show 
that PET detection includes a total of true, scattered and random 
coincidences. 

Due to the additional cascade coincidences the coincidence rate for 
44Sc was, on average, only +9.3% higher than that for 18F (see Fig. 5a) 
and showed only a very small influence on the dead time in the activity 
range considered in this study (deviation of the pile-up factors on 
average 0.5%, see Fig. 5b). In advance, we did expect larger differences 
in the coincidence rates between 44Sc and 18F. However, the small dif
ference could be explained by the distinct lower interaction probability 
of high energy photons in the PET detector material. 

To the best of our knowledge, similar studies on the analysis of 
coincidence spectra have not been published so far for 44Sc, but for other 
non-pure positron-emitting PET nuclides such as 124I and 76Br (Cal-
González et al., 2015). That publication reported differences in the 
coincidence spectra of the two radionuclides - similar to what was 
observed in our study for 44Sc (a relative decrease of the coincidence 
events in the range 400–600 keV and increase in the range < 400 keV) 
(Cal-González et al., 2015). However, comparing the relative changes in 
the spectra of these two radionuclides and of 44Sc, differences are 
observed which should be explained by the characteristic physical 
properties of the radionuclides. Here, the branching ratio and energy of 
prompt gamma quanta (positron emissions: 22.9% (124I), 55.1% (76Br), 
and 94.3% (44Sc), major cascade photons 603 keV/62.9% (124I), 559 
keV/74.0% (76Br), and 1157 keV/99.9% (44Sc)) are of particular 
importance. Occurrence of random-, cascade- and triple-coincidences 
with varying frequencies could therefore be expected. 

Activity recovery of 44Sc and 18F was significantly different in the 
reconstructed images on both, the small animal PET/MRI and the 
human PET/CT scanner. 18F activity recovery was 99.2% on the nano
Scan and 102.2% on the Biograph, respectively. Both values for 18F are 
in accordance with the international quality guidelines in PET (Boel
laard et al., 2015; Kaalep et al., 2018, 2019). Measurements of 18F ac
tivity recovery on the clinical scanner are performed in our department 
quarterly. The results are approved by the EANM accreditation program 
EARL to reduce potential variabilities of quantification. In quantitative 
PET evaluations we solely apply the reconstruction parameters vali
dated by EARL. In order to assure consistent image quality on the 
nanoScan as well, respective measurements for 18F are also performed 
quarterly, using parameters proposed by the manufacturer. Our results 
confirm that the corrections as well as the normalization implemented 

for 18F on the respective PET system were effective and valid. With 44Sc, 
lower values of activity recovery (73.5% on nanoScan and 78.0% on 
Biograph) were observed. This resulted in a 26.0% (nanoScan) and 
23.7% (Biograph) lower activity recovery for 44Sc when compared to 
18F. Consequently, these results indicate that a reconstruction algorithm 
with parameters adapted to 18F cannot simply be applied to 44Sc by 
solely changing the nuclide-specific half-life and the branching fraction. 
This is in line with results of Lima et al. (2020), who performed recovery 
measurements for 44Sc on the same human PET/CT scanner using one 
single activity. These authors calculated activity recoveries in the ho
mogenous background region of 78% and 81%, depending on the scatter 
correction used, but independent on the number iterations (Lima et al., 
2020). 

For both, 18F and 44Sc, a strong correlation between reconstructed 
and true activity was observed on both PET systems (Fig. 6) but each is 
characterized by its own slope. Thus, this relative difference is inde
pendent of the activity used. Altogether, the activity recovery mea
surements revealed that, when compared to 18F, the reconstructed 
activity of 44Sc is systematically underestimated despite its slightly 
increased total coincidence rate (9.3% on nanoScan) and similar pile-up 
factors of both radionuclides. This may be due to the percentage of 
coincidence events being significantly smaller for 44Sc as compared to 
18F in the energy range used for reconstruction (nanoScan: 400–600 
keV, Biograph: 435–650 keV). Furthermore, the standard scatter 
correction may also be non-appropriate due to prompt gamma emission 
leading to an over-correction of scatter resulting in lower reconstructed 
activity (Lima et al., 2020). 

Underestimation of activity in reconstructed images has also been 
observed for other non-pure PET nuclides such as 55Co, 124I, and 86Y 
(Kull et al., 2004; Braad et al., 2015). Measurement on a comparable 
human PET/CT (GE Discovery PET/CT 690) showed deficient activity 
recoveries of 74.9% for 55Co (positron emission 75.8%, major cascade 
photons 931 keV/75.0%) and of 73.0% for 124I (Braad et al., 2015). 

The linear relationship between true and reconstructed activities 
observed for both, 44Sc and 18F, allows the application of a constant 
correction factor to subsequently correct reconstructed 44Sc activities 
measured on an 18F calibrated PET scanner. Using the respective stan
dard reconstruction settings, a correction factor of 1.35 was calculated 
for nanoScan, and of 1.31 for the Biograph. The difference between both 
values is due to the different detector geometry and different recon
struction settings of the two PET systems. In this context, it needs to be 
pointed out that the two values of the correction factor presented here 
are only valid for the respective scanner in combination with the applied 
reconstruction settings. Nevertheless, modification of one single 
component of the system, e.g. variation of the post-reconstruction 
filtering or variation of the scatter correction method, can change the 
measurement result for the calibration factor. Consequently, before 44Sc 
is applied in vivo, it is mandatory that the correction factor needs to be 
determined by phantom measurements for each applied combination of 
PET scanner and reconstruction setting. 

Uncorrected reconstructed 44Sc activity, or activity concentration, 
can have significant impact on the quantitative results of preclinical and 
human studies. Calculated binding properties to target structures of 
newly developed 44Sc tracers could be underestimated, thus falsely 
implying lower binding. Additionally, organ doses based on uncorrected 
quantification of 44Sc PET could also be underestimated. The correction 
of reconstructed 44Sc activities obtained with PET settings validated for 
18F, is therefore mandatory. 

The correction of activity concentrations by a constant factor is easy 
to implement and should be applied. However, it must be thoroughly 
tested in (pre)clinical conditions in further studies in order to confirm its 
robustness. In addition, it has to be noted that this correction factor does 
not take into account possible background noise due to random cascade 
and triple coincidence, which was observed in previous studies for 44Sc 
(Rosar et al., 2020) and other non-pure PET nuclides (Buchholz et al., 
2003; Herzog et al., 2008; Lubberink and Herzog, 2011; Rösch et al., 
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2017). More complex correction algorithms are necessary to address 
this. In the last decade, several different approaches, referred to as 
‘prompt gamma corrections’ (PGC), have been published for other 
non-pure PET nuclides, ranging from analytical methods to Monte Carlo 
simulations (Conti and Eriksson, 2016). Recently, Lima et al. tested a 
model of PGC for 44Sc and reached improvement of activity recovery to 
87% (Lima et al., 2020). In future studies, PGC approaches should be 
further analyzed, improved and optimized for 44Sc. 

Besides 44Sc, the isotope 43Sc is also a promising radionuclide for PET 
imaging (positron emission: 88%, Emean = 0.48 MeV, half-life = 3.89 h), 
albeit with less and lower concurrent emitted gamma rays (372.8 keV, 
23%) (Domnanich et al., 2017; Walczak et al., 2015). Using 43Sc instead 
of 44Sc would likely allow for a more adequate quantification in PET. 
However, the availability of 43Sc is limited due to the absence of a 
radionuclide generator system. The production of 43Sc requires a par
ticle accelerator, is challenging and cost extensive (Huclier-Markai et al., 
2018; Mikolajczak et al., 2019). This might contribute to the fact that 
there are fewer studies using 43Sc than 44Sc, despite its known advan
tages. Nevertheless, it would be of interest and importance to perform 
similar quantification studies with 43Sc in the future. 

The empirical results reported herein should be considered in the 
light of some limitations. The export and analysis of raw data on the 
Biograph was not able due to restriction of the manufacturer. Moreover, 
the energy windows on both scanners were specified by the manufac
turer and could not be scaled. Measurements with more than 80 MBq 
44Sc could not be performed due to limited production of 44Sc by 
44Ti/44Sc generator and time need for transport between the PET cen
ters. Only one preclinical and one clinical scanner could be included. To 
obtain more comprehensive data, a multicenter study including several 
different PET systems is recommended. Furthermore, only one phantom 
for each system was used, thus variations of the object size were not 
contemplated. Further phantom measurements are needed in which also 
phantoms of different geometries are used to analyze the distribution of 
singles, randoms, scattered and corresponding noise-equivalent-counts. 

7. Conclusion 

Due to prompt gamma emission of 44Sc, activity recovery is under
estimated on PET systems calibrated for 18F. However, clinical PET 
imaging of 44Sc with acceptable quantitative accuracy appears feasible 
by using a single, constant correction factor. 
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