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Background: Quantification of dynamic and static parameters extracted from 3,4-dihydroxy-6-["*F]-
fluoro-L-phenylalanine (**F-DOPA, FDOPA) positron emission tomography (PET)/computed tomography
(CT) plays a critical role for glioma assessment. The objective of the present study was to investigate the
impact of point-spread function (PSF) reconstruction on these quantitative parameters.

Methods: Fourteen patients with untreated gliomas and investigated with FDOPA PET/CT were
analyzed. The distribution of the 14 cases was as follows: 6 astrocytomas-isocitrate dehydrogenase-mutant;
2 oligodendrogliomas/1p19q-codeleted-isocitrate dehydrogenase-mutant; and 6 isocitrate dehydrogenase-
wild-type glioblastomas. A 0-20-min dynamic images (8x15, 2x30, 2x60, and 3x300 s post-injection) and
a 0-20-min static image were reconstructed with and without PSF. Tumoral volumes-of-interest were
generated on all of the PET series and the background volumes-of-interest were generated on the 0-20-
min static image with and without PSFE. Static parameters (SUVmax and SUVmean) of the tumoral and the
background volumes-of-interest and kinetic parameters (K1 and k2) of the tumoral volumes-of-interest
extracted from using full kinetic analysis were provided. PSF and non-PSF quantitative parameters values
were compared.

Results: Thirty-three tumor volumes-of-interest and 14 background volumes-of-interest were analyzed.
PSF images provided higher tumor SUVmax than non-PSF images for 23/33 VOIs [median SUVmax =3.0
(range, 1.4-10.2) with PSF vs. 2.7 (range, 1.4-9.1) without PSF; P<0.001] and higher tumor SUVmean for
13/33 volumes-of-interest [median SUVmean =2.0 (range, 0.8-7.6) with PSF vs. 2.0 (range, 0.8-7.4) without
PSF; P=0.002]. K1 and k2 were significantly lower with PSF than without PSF [respectively median K1
=0.077 mL/cem/min (range, 0.043-0.445 mL/ccm/min) with PSF vs. 0.101 mL/ccm/min (range, 0.055—
0.578 mL/ccm/min) without PSF; P<0.001 and median k2 =0.070 min™" (range, 0.025-0.146 min™") with PSF
vs. 0.081 min™' (range, 0.027-0.180 min"') without PSF; P<0.001]. Background SUVmax and SUVmean were
statistically unaffected [respectively median SUVmax =1.7 (range, 1.3-2.0) with PSF vs. 1.7 (range, 1.3-1.9)
without PSF; P=0.346 and median SUVmean =1.5 (range, 1.0-1.8) with PSF vs. 1.5 (range, 1.0-1.7) without
PSF; P=0.371].

Conclusions: The present study confirms that PSF significantly increases tumor activity concentrations
measured on PET images. PSF algorithms for quantitative PET/CT analysis should be used with caution,

especially for quantification of kinetic parameters.

Keywords: 3,4-dihydroxy-6-["*F]-fluoro-L-phenylalanine (FDOPA); positron emission tomography (PET);
gliomas; kinetic; point-spread function (PSF)

© Quantitative Imaging in Medicine and Surgery. All rights reserved. Quant Imaging Med Surg 2022;12(2):1397-1404 | https://dx.doi.org/10.21037/qims-21-742


https://crossmark.crossref.org/dialog/?doi=10.21037/qims-21-742

1398 Girard et al. Point spread function for FDOPA PET in patients with gliomas

Submitted Jul 20, 2021. Accepted for publication Sep 17, 2021.

doi: 10.21037/qims-21-742

View this article at: https://dx.doi.org/10.21037/qims-21-742

Introduction

Gliomas represent approximately 80% of all malignant
brain tumors and are associated with a high mortality
rate (1). Besides contrast-enhanced magnetic resonance
imaging (MRI), positron emission tomography (PET)
using amino acids such as 3,4-dihydroxy-6-[18F]-fluoro-L-
phenylalanine (**F-DOPA, FDOPA) plays a critical role in
the initial clinical diagnosis, surgical treatment planning,
and post-treatment follow-up (2). Recent studies showed
that quantitative parameters extracted from FDOPA
PET/computed tomography (CT) are useful for glioma
assessment (3,4). According to European guidelines for
PET imaging of glioma, visual assessment of tumor uptake
is accompanied by quantitative assessment (2). Different
quantification parameters of PET data using different
methods can be employed. The static parameters are the
most widely used for quantification in clinical practice due
to its easiest feasibility, requiring a single-frame acquisition
only. Among static parameters, the standardized uptake
value (SUV), which is the tracer uptake normalized to
the injected dose and to a normalization factor based on
the subject’s anthropometric characteristics, is the most
widely employed. The ratio of the SUV in the tumor
region normalized to the SUV in a background region is
the parameter the most used on PET imaging for glioma
assessment (2). However, the use of PET kinetic parameters
(needing a multi-frame acquisition), which add further
knowledge regarding tumor behavior, has recently spread
with newly developed PET systems (5-7). Quantitative
parameters extracted from PET images can be influenced by
the reconstruction algorithm used for image generation (8).
Conventional iterative reconstruction methods lead to
distortion at the edges of the field-of-view and PET images
are subject to partial volume effect and spillover of signal
between adjacent functional regions (9). The point-spread
function (PSF) reconstruction technique recently available
for PET imaging improved the image contrast to noise
ratios and the spatial resolution, correcting for the photon
mispositioning and increasing radial offset from the isocenter
in PET systems (10-13). Studies using several PET tracers
suggested that the implementation of PSF reconstruction
increases static parameters values compared with non-PSF
data (14-17). However, the influence of PSF on FDOPA
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quantification for glioma are missing. To the best of our
knowledge, the impact of the PSF reconstruction on kinetic
parameters quantification has not been studied yet.

The aim of the present study was to evaluate the impact
of PSF reconstruction on quantitative FDOPA PET
parameters in gliomas, especially for kinetic parameters.

We present the following article in accordance with the
MDAR checklist (available at https://dx.doi.org/10.21037/
qims-21-742).

Methods
Patients

Fourteen patients from June 2018 to September 2019,
from the “GLIROPA” clinical trial NCT03525080) were
analyzed. All patients were newly diagnosed for gliomas
and selected for resective surgery in our center. Included
patients had to be at least 18 years-old and covered by
national health insurance; and neither be pregnant, nor
in an emergency situation, nor be treated by carbidopa,
catechol-O-methyl transferase inhibitor, haloperidol or
reserpine medication. Sixteen patients were finally included.
The dynamic acquisition was unsuccessful for 2 patients.
All patients provided their written informed consent.
This study has been performed in accordance with the
Declaration of Helsinki (as revised in 2013) and approved
by an independent national research ethics committee (IRB:
CPPIDF1-2018-ND27-cat.2).

PET/CT imaging protocol

The patients were required to fast at least 4 h before
undergoing the imaging protocol. Each patient underwent
a CT scan without contrast agent injection, followed by
a 40-min PET acquisition using list-mode acquisition
with a single field of view centered on the brain (Siemens
Healthcare Biograph mCT Flow, Knoxville, TN, USA).
At the start of the PET scan, 2 MBq/kg of FDOPA
were administered intravenously, without carbidopa
premedication. PET data were reconstructed using Time of
Flight (TOF) 3D ordered-subsets expectation maximization
iterative algorithm (8 iterations, 21 subsets) with and
without PSE, and smoothed with a gaussian filter at a full
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width at half-maximum of 4.0 mm. Corrections for random
coincidences, normalization, dead-time losses, scatter, and
attenuation were applied. Voxel size (XYZ) was 1x1x2 mm’.
From the bolus arrival time, a 0-20-min static and dynamic
(8x15 sec, 2x30 sec, 2x60 sec, 3x300 sec) series were
reconstructed (18).

Image analysis

Spherical volumes-of-interest (VOI) of 1 cm’ on biopsy
samples locations and on the contralateral cortex
(background) were generated by a nuclear medicine
physician with the Syngo.via software (Siemens Healthcare)
on the 0-20-min static reconstruction without PSFE. The
background VOI was projected onto the 0-20-min static
reconstruction with PSE. The 33 spherical tumor VOIs were
drawn on the 0-20-min static PET reconstruction without
PSF registered with the FLAIR weighted MR imaging used
for the thirty-three MRI-guided brain biopsies. Then, the
tumors VOIs drawn were projected onto the 0-20-min
static PET reconstruction with PSF and projected onto each
frame of the dynamic PET reconstruction with and without
PSEF. On the early PET image with the maximum blood pool
activity of the dynamic reconstruction without PSE, a VOI
was manually drawn within the middle cerebral artery and
projected onto each frame of the dynamic reconstruction
with and without PSF to estimate an imaging-derived
input function (IDIF). FDOPA IDIF was obtained after
corrections for metabolites and hematocrit for each patient.
IDIF was fitted to the measured fractions of metabolites
taken from the publication of Huang et 4/. (19). The SUV
for each voxel was calculated using the following formula:
SUV = tissue radioactivity concentration/[injected dose/
patient weight]. SUVmax and SUVmean were respectively
the maximum and the mean of the SUVs of the VOI. The
reversible single-tissue compartment model with blood
volume parameter (with K1 = rate constant from blood to
tissue, k2 = rate constant from the tissue compartment to
the arterial blood) was used to extract kinetic parameters
(PMOD software version 3.8; PMOD Technologies; Ziirich,
Switzerland) (18).

Statistical analysis

Descriptive parameters were expressed as median, and
range. Differences of quantitative parameters between
both reconstruction algorithms were compared using
the Wilcoxon signed-rank test for paired data. A P value
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<0.05 was considered as statistically significant, with
false discovery rate adjustment for multiple comparisons.
Statistical analysis was performed using IBM SPSS Statistics
25 (SPSS Ltd.).

Results
Patients

There were 9 men and 5 women, with a median age of
40 years (range, 23-66 years). The distribution of the
14 cases was as follows: 6 astrocytomas-IDH-mutant; 2
oligodendrogliomas/1p19q-codeleted-IDH-mutant; and 6
IDH-wild-type glioblastomas.

Impact of PSF reconstruction on quantitative parameters

All data are set out in Table 1. Regarding static parameters,
PSF images provided higher tumor SUVmax than non-
PSF images for 23/33 VOIs [median SUVmax =3.0 (range,
1.4-10.2) with PSF vs. 2.7 (range, 1.4-9.1) without PSF;
P<0.001] and higher tumor SUVmean for 12/33 VOIs
[median SUVmean =2.0 (range, 0.8-7.6) with PSF wvs.
2.0 (range, 0.8-7.4) without PSF; P=0.002]. Background
SUVmax and SUVmean were not statistically affected
by PSF reconstruction [respectively median SUVmax
=1.7 (range, 1.3-2.0) with PSF vs. 1.7 (range, 1.3-1.9)
without PSF; P=0.346 and median SUVmean =1.5 (range,
1.0-1.8) with PSF vs. 1.5 (range, 1.0-1.7) without PSF;
P=0.371]. Applying the optimal cut-off ratio to discriminate
between low- and high-grade gliomas reported by Bund
et al. (20), three tumor locations classified as low-grade
on PET images without PSF were classified as high-
grade on PET images. Regarding kinetic parameters,
PSF showed significantly lower tumors K1 and k2 than
non-PSF (respectively median K1 =0.077 (range, 0.043-
0.445) mL/cecm/min with PSF vs. 0.101 (range, 0.055-
0.578) mL/ccm/min without PSF; P<0.001 and median k2
=0.070 (range, 0.025-0.146) min~' with PSF vs. 0.081 (range,
0.027-0.180) min' without PSF; P<0.001). All lesions
showed a lower K1 and k2 when using PSF reconstruction
compared to non-PSFE. Applying the optimal cut-off for
k2 to discriminate between low- and high-grade gliomas
found in our previous study (17), three tumor locations
classified as high-grade on PET images without PSF
were classified as low-grade on PET images. Percentage
differences in quantitative parameters using PSF and non-
PSF reconstruction are displayed in Figure 1. Examples of
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Table 1 Comparison of quantitative parameters with PSF and without PSF

Parameters Without PSF With PSF P value Relative differences (%)
Tumoral VOI
SUVmax 3.4/2.7 (2.0) (1.4-9.1) 3.6/3.0 (2.2) (1.4-10.2) <0.001* +7.4/+6.7 (6.8) (0.0/+23.8)
SUVmean 2.6/2.0 (1.6) (0.8-7.4) 2.7/2.0 (1.6) (0.8-7.6) 0.002* +1.8/0.0 (2.6) (0.0/+8.7)
K1 (mL/ccm/min) 0.153/0.101 (0.121) (0.055-0.578)  0.122/0.077 (0.097) (0.043-0.445) <0.001* -20.5/-21.9 (8.0) (-4.2/-34.2)
k2 (min™) 0.086/0.081 (0.039) (0.027-0.180)  0.073/0.070 (0.033) (0.025-0.146) <0.001* -16.0/-12.2 (10.9) (-0.1/-40.5)
Background VOI
SUVmax 1.6/1.7 (0.2) (1.3-1.9) 1.6/1.7 (0.3) (1.3-2.0) 0.346 +1.2/0.0 (2.3) (0.0/+5.6)
SUVmean 1.4/1.5(0.2) (1.0-1.7) 1.4/1.5(0.3) (1.0-1.8) 0.371 +0.9/0.0 (2.2) (0.0/+6.3)

*, P value <0.05 was considered statistically significant. Mean/median values displayed with their respective standard deviation and range.
PSF, point-spread function; SUV, standardized uptake value; VOI, volumes-of-interest.
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Figure 1 Relative differences in quantitative parameters [SUVmax (A), SUVmean (B), K1 (C), k2 (D)] using PSF and non-PSF

reconstruction extracted from the 33 tumor volumes-of-interest. SUV, standardized uptake value; PSE, point-spread function.

higher static parameters and lower kinetic parameters using
PSF images compared to non-PSF images in a 59-year-
old man with a left temporal IDH1-wild-type glioblastoma
are shown in the Figure 2 and Figure 3. Comparing activity
concentrations extracted from each frame of the corrected
arterial time-activity curves and tumor time-activity curves
with PSF as a function of the activity concentrations
without PSF, the present results show that highest
activity concentrations are more impacted by the PSF
reconstruction than lowest activity concentrations (Figure 4).
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Discussion

In this study, we investigated the influence of PSF on
the quantitative static and kinetic features extracted from
FDOPA PET/CT for glioma assessment at diagnosis. Other
radiotracers have been synthetized for glioma assessment
(other amino-acid radiotracers like ''C-methionine and
[18F]-fluoroethyl-tyrosine or fibroblast activation protein
ligands). Several studies have shown that these different
amino-acid radiotracers performed equally well in the
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Figure 2 Axial images extracted from a FDOPA PET exam performed in a 59-year-old man with a left temporal IDH1-wild-type

glioblastoma. (A) Axial 20-min static reconstruction without PSF; (B) axial 20-min static reconstruction with PSF; (C) axial image

corresponding to the peak arterial VOI without PSF; (D) axial image corresponding to the peak arterial VOI with PSE. SUV, standardized

uptake value; PSE, point-spread function; VOI, volumes-of-interest.
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Figure 3 Example of time-activity curves with and without PSF extracted from a volume of interest in the participant described in the Figure 2.

(A) Corrected arterial time-activity curves; (B) tumoral time-activity curves. PSF, point-spread function.

assessment of gliomas (21-23). However, the use of
""C-methionine is limited because carbon 11’ half-life is
20 min and the ["*F]-fluoroethyl-tyrosine radiotracer is less
commonly available amino acid radiotracer than FDOPA in
Europe, and particularly in France (24).

Firstly, regarding static parameters, our results showed
that tumor SUVmax and SUVmean obtained with PSF
reconstruction were significantly higher than without
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PSF reconstruction. These results are consistent with data
from previous studies assessing the impact of PSF on these
parameters (11-14). Regarding the SUVmean, the results
of the current study showed smaller deviations compared
to the SUVmax. These observations are in line with
results of recent studies (11,12), confirming that SUVmax
is more sensitive to reconstruction parameters than
SUVmean (25). In our study, the mean percentage change
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Figure 4 The activity concentrations extracted from each frame of the corrected arterial time-activity curves and tumoral time-activity

curves with PSF as a function of the activity concentrations without PSF (705 pairs of values). The green box refers to the distribution of

the peak of the activity concentrations for the tumors and the red box refers to the distribution of the peak of the corrected arterial activity

concentrations. SUV, standardized uptake value; PSE, point-spread function; VOI, volumes-of-interest.

after PSF implementation is considerably lower than in
most reports assessing the impact of PSF (12,14,26-28).
This could be linked to the fact that the current study
compared images reconstructed with and without PSF
but with TOF algorithm, which already provides higher
SUV than SUV obtained with reconstruction using non-
TOF algorithm (9,13). The PET images showed essentially
low tumors FDOPA uptake in our study. This could
be the reason why the percentage changes were low. In
the current study, no significant difference of the static
parameters extracted with and without PSF was observed
for background VOI. Furthermore, comparing activity
concentrations from each frame of the arterial and tumor
time-activity curves used for the kinetic analysis, the present
results confirm that differences between PSF and non-
PSF reconstruction decrease with lower tracer uptake,
in line with previous published data (11,26,27). Indeed,
PSF algorithm produces edge overshoot called Gibbs
artifact, resulting in an artificially increased contrast of hot
structures and hyperresolution of focal uptake artifacts,
especially if combined with TOF algorithm (29). At low
contrast, these are essentially absent but are present at high
contrast. Authors showed that the visual lesion detectability
is improved by the edge elevations (30,31).

Secondly, regarding kinetic parameters, PSF showed
significantly lower K1 and k2 than non-PSF. This is due
the fact that the increase of activity concentration measured
using PSF is more prominent for the arterial activity
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concentrations than the tumoral activity concentrations. To
the best of our knowledge, this study is the first analyzing
the impact of the PSF reconstruction on quantitative
parameters extracted with dynamic acquisition.

Munk ez al. showed that recovery coefficients were non-
monotonic as function of lesion size and less reproducible
for PSF reconstructed images of small lesions using
clinically relevant phantom (32). So, the tumor and blood
pool VOI sizes should be considered for quantitative
analysis with PSF. Moreover, Bowen et /. demonstrated
that the choice of PSF modelling in the reconstruction can
have a significant effect on kinetic parameters (33). Due to
these Gibbs artefacts and quantitative errors, this method is
not recommended for FDOPA PET/CT quantification in
glioma (2). Therefore, in our institution, both PSF and non-
PSF reconstructions are routinely used for FDOPA PET/
CT performed for glioma assessment. PSF reconstruction is
used for visual assessment and the non-PSF reconstruction
is used to extract quantitative parameters.

The main limitation of this study is that we focused only
on small VOlIs. It is necessary to examine the effects of PSF
on lesions with larger size. The low number of patients
analyzed is another limitation. Further investigations
analyzing the impact of PSF for the different glioma
subgroups are needed.

The present study confirms that PSF significantly
modifies quantitative features from tumor, especially for
kinetic parameters. The FDOPA uptake quantification
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seems to be useful for the management of glioma, so the
extraction of quantitative parameters should be performed
with caution when using PSF algorithms.
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