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Abstract

Background: Several scan parameters for PET imaging with '®F-PSMA-11 such as dosage, acquisition time and scan
duration were evaluated to determine the most appropriate scan protocol, as well as the effect of furosemide
administration on lesion visualization. Forty-four patients were randomly assigned to a dosage group (2.0+ 0.2 or
40+ 04 MBa/kg "®F-PSMA-11). All patients received a full-body PET/CT 1 h and 3 h after radiotracer injection with a
scan duration of 3 min/bed position. For comparison of the scan duration, images were reconstructed for 1.5 and 3
min/bed position. Patients were intravenously administered 0.5 mg/kg furosemide with a maximum dose of 40 mg.
To evaluate the furosemide effect, 22 additional patients were recruited and received one full-body PET/CT 1 h after
administration of 2.0 + 0.2 MBg/kg '®F-PSMA-11 with a scan duration of 3 min/bed position. To this group, no
furosemide was administered. Images were scored on image quality using a 7-point scale and each suspicious
lesion was described. To assess interrater reliability, two nuclear physicians scored all scans independently and
described all observed suspicious lesions.

Results: The 4 MBg/kg group received for all reconstructed images (60 min p.i, 1.5 and 3 min/bed position and 180
min p.i, 1.5 and 3 min/bed position) the highest median image quality score compared to the 2 MBg/kg group

(p values <0.01). When comparing all reconstructed images, the highest image quality score was given to images
at 60 min p.i, 3 min/bed position for both dosage groups (score 5 and 6 for 2 and 4 MBg/kg, respectively). The
addition of furosemide administration decreased the interference score with one point (p =0.01106) and facilitated
the evaluation of lesions in proximity to the ureters. The interrater reliability for the comparison of each lesion
separately after more than 40 '®F-PSMA-11 scan readings showed an increasing k value from 0.78 (95% Cl, 0.65—
0.92) to 0.94 (95% Cl, 0.87-1).

Conclusion: Although the results indicate an administered activity of 4.0 + 0.4 MBg/kg, preference will be given to
2.0+ 02 MBg/kg due to the small difference in absolute score (max 1 point) and the ALARA principle. For
evaluation of lesions in proximity to the ureters, the co-administration of a diuretic can be useful. The increase of
the « value from 0.78 to 0.94 suggests a learning curve in the interpretation of '®F-PSMA-11 images.

Trial registration: Clinicaltrials.gov, NCT03573011. Retrospectively registered 28 June 2018
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Introduction

In recent vyears, prostate-specific membrane antigen
(PSMA) has been the most widely studied target for im-
aging of recurrent and metastatic prostate cancer. 18p.
PSMA-11, a fluorine-18 derivative of the frequently used
®8Ga-PSMA-11 PET radiotracer, was developed [1, 2],
automatized [3] and evaluated for safety, biodistribution
and dosimetry in a previously published study [4]. Before
comparing the clinical efficacy of '*F-PSMA-11 to other
PSMA tracers, a Phase 2 trial should be conducted to
determine the scan protocol which will be applied in
following studies and clinical practice. Phase 2 trial de-
signs are usually exploratory where multiple scan param-
eters are tested to determine the optimal scan protocol.
These parameters include radiotracer dosage, start of
PET acquisition post injection, scan duration, image re-
construction parameters and updating the safety data-
base. This requires the selection of the appropriate
patient population. Finally, the variability between ob-
servers should be evaluated as the correct interpretation
of PET images is a crucial step in the validation of the
clinical efficacy of "®F-PSMA-11 and should lead to the
development of criteria for image evaluation. The opti-
mized scan protocol can then be applied in Phase 3 clin-
ical trials to obtain data necessary for approval for
application of the radiotracer in clinical use. In these lar-
ger studies, it is possible to evaluate the effect of the spe-
cific activity and the radionuclide on image quality, as
well as the amount of nonradioactive ligand and carrier
[5, 6]. The aim of this study was to determine the opti-
mal scan protocol with regard to radiotracer dosage, ac-
quisition time and duration and co-administration of
furosemide. As a secondary objective, the interrater reli-
ability was assessed.

Materials and methods

All procedures performed in this study involving human
participants were in accordance with the ethical standards
of the Ethics Committee of the Ghent University Hospital
(2017/1294) and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards
(EudraCT nr, 2017-003461-96). The study was supported
by the Flemish Foundation FWO TBM (T001517).

Patients

In total, 66 patients (age 46—84 years, median 70.5) with
primary staging or biochemical recurrence after curative
treatment (prostatectomy with or without lymphadenec-
tomy or radiotherapy) were prospectively included
during a consultation with their treating physician. Pa-
tients who were under the age of 18 years old, who re-
fused to be informed about accidental findings on scans
and who were physically or mentally unfit to perform
the sequential procedures were excluded from the trial,
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as well as patients suffering from heart failure with an
ejection fraction <45% and patients with a known his-
tory of anaphylactic shock after administration of CT
contrast. Written, dated and signed informed consent
was obtained from all patients before any trial-related
procedures were conducted. In total, four patients
dropped out of the study.

Safety monitoring

All adverse events were actively monitored from time of
radiotracer injection until completion of the second
PET/CT scan and reported according to the CTCAE 4.0
scoring system. Although there was only one patient
with an increased creatinine level in the previously con-
ducted Phase 1 study, we deemed it useful to further
evaluate the creatinine level changes before and after ra-
diotracer injection in Phase 2. Therefore, a 3-mL blood
sample was taken and compared to the latest available
creatinine lab value before inclusion in the study.

Study protocol

Randomization was performed using a block design with
variable block sizes of two, four, and six. The first 44
patients were randomly assigned to either of the two
dosage groups, 2.0+02MBq or 4.0+0.4MBq '°F-
PSMA-11 per kilogram body weight. The overview of all
performed study procedures is summarized in Fig. 1.
Thirty minutes after receiving the appropriate dosage,
each patient was given an intravenous bolus injection of
0.5 mg/kg body weight furosemide with a maximum
dose of 40 mg to improve diuresis. Two whole-body PET
scans were acquired at 60+ 5min (T60) and 180 + 5
min (T180) post injection (p.i.) and 3 min per bed pos-
ition (bp). The first PET scan was preceded by a diag-
nostic CT scan with administration of Visipaque® CT
contrast, the second PET scan was preceded by a low-
dose CT scan for attenuation correction. To evaluate the
effect of furosemide on the image quality, 22 additional
patients were recruited who received only one PET scan
60 + 5min after administration of 2.0 + 0.2 MBq/kg '*F-
PSMA-11 accompanied by a diagnostic CT scan. This
group received no furosemide. PET/CT imaging was
performed using a GE Discovery MI 3-ring system, a
digital PET/CT scanner with SiPM-based PET detectors
coupled to Luthetium-based scintillators, a measured
resolution of around 4.5 mm and an axial field of view of
15 cm. Reconstruction of the PET scans was performed
using the QClear algorithm (GE Healthcare), a block
sequential regularized expectation-maximization algo-
rithm. The reconstruction includes time-of-flight infor-
mation (resolution of 290 ps FWHM), point spread
function compensation, CT-based attenuation and scat-
ter correction and a beta-parameter of 600. Each PET
image was reconstructed for emission times of 1.5 min/
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bp and 3 min/bp to evaluate the effect of the scan dur-
ation. The individual characteristics of patients who com-

pleted all described procedures are presented in Table 1.

Chi-square and one-way ANOVA was performed for cat-
egorical and continuous variables, respectively. Patient
characteristics such as weight and previous undergone
procedures and therapies were not accounted for in the

comparison as the aim of this study was to provide a
general recommendation for '*F-PSMA-11 imaging.

(Semi-)quantitative analysis of dosage and acquisition
times

A nuclear physician scored each scan on the image qual-
ity using a 7-point scale (1 = very poor image quality, 7

Table 1 Patient characteristics of patients who completed all planned procedures. Chi-square and one-way ANOVA was performed

for categorical and continuous variables, respectively

2.0+0.2 MBg/kg 2.0+0.2 MBg/kg 4.0+ 0.4 MBa/kg
with furosemide without furosemide with furosemide
Number of patients 21 21 20
Age (median, Q1-Q3) 71 (65-74) 70.5 (63.5-77.25) 69 (63-74) F(2,59)=0.149, p =0.862
Weight (mean =+ SD) 851+ 144 809+ 109 815+£119 F(2,59)=0.691, p =0.505
Staging X2, N =62) =66633, p = 003573
Initial staging 0/21 6/21 4/20
Restaging 21/21 15/21 16/20
PSA (ng/mL) (mean + SD) 6.90+9.89 9.22+£1838 7.35+£10.96 F(2,59)=0.161, p =0.851
Gleason score X4, N =62) =2.8402, p =0.5849
<7 8/21 8/21 9/20
8 4/21 8/21 5/20
29 9/21 5/21 6/20
Previous treatment XX(8, N =62)=6.7322, p = 0.5658
Prostatectomy
Salvage therapy 13/21 12/21 10/20
Definitive 13/21 9/21 5/20
Radiotherapy 6/21 3/21 7/20
Current ADT 8/21 3/21 2/20
Chemotherapy 1/21 1/21 0/20
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= exceptional image quality) with the assumption of
equal distances between each point. The score was based
on the ability to distinguish lesions from the back-
ground. Lesions were determined based on concordance
of findings with CT images and gained experience. To
assess the different dosages, image quality scores were
compared between the two dosage groups. To determine
the optimal acquisition time and duration, the image
quality score and lesion detection of patients who pre-
sented with less than 10 suspicious lesions were evalu-
ated within each dosage group. This restriction was
included to avoid disproportional impact of patients with
multiple lesions on the overall result. The percentage
agreement was calculated using the images at T60, 3
min/bp as the reference. Finally, the relative contrast
noise ratio (CNR) was determined for all suspicious
lesions observed within the 2 MBq/kg group. The rela-
tive CNR is equal to the ratio of the relative contrast
and relative noise, which are calculated using Eq. 1 and
2, respectively. Relative CNR values of T60, 3 min/bp
images will be compared to relative CNR values of T60,
1.5 min/bp and T180, 3 min/bp images to evaluate the
effect on lesion visualization of acquisition duration and
time, respectively.

SUVpeak L—SUVmean B
SUVpeak L

relative contrast =

Equation 1: Calculation of relative contrast with SUV
= standardized uptake value, L = suspicious lesion and B
= 10 mm bulb shell around the suspicious lesion

standard deviationg

relative noise =
meang

Equation 2: Calculation of relative noise with H =
spherical region (r =2 cm) in proximity of the suspicious
lesion

Evaluation of co-administration of furosemide

Because '®F-PSMA-11 shows a high urinary clearance
(29.0 £ 5.9% 300 min p.i.) [4], a diuretic (furosemide) was
added to the study protocol to reduce interference of the
ureters on the PET image. To assess the effect of fur-
osemide on the image quality, 22 additional patients
were recruited. The PET images were compared to the
initial 22 patients who underwent the same scan proto-
col with administration of furosemide. The interference
of the radioactivity uptake in the bladder and the ureters
on the interpretation of the scan was evaluated on a 7-
point scale (1 = not disturbing, 7 = very disturbing) with
the assumption of equal distances between each point.
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Interrater reliability

To evaluate the variability in the interpretation of de-
tected suspicious lesions on the PET scans, two inde-
pendent observers who were blind for dosage group but
with access to the medical history assessed each PET/
CT scan. Both observers had at least 4 years clinical ex-
perience as nuclear physicians and had evaluated '°F-
PSMA-11 scans in the previously conducted Phase 1
trial. No previous study-related training in PSMA image
readings was given and there was no study-related com-
munication between the two observers during the data
handling. The interrater reliability was evaluated based
on images of the preferred scan time and duration. Each
nuclear physician appointed the patients to one of
following disease status: no tumour, local disease, locor-
egional disease, oligo- (0-3 suspicious lesions) or poly-
metastatic (>4 suspicious lesions) disease. Observed
suspicious lesions were described and subdivided into
the following locations: prostatic, lymphatic, bone or vis-
ceral metastasis. When patients presented with more
than 10 suspicious lesions, no description of the lesions
was performed and these results were therefore not in-
cluded in the analysis. The interrater reliability was
based on concordance of disease status, the total number
of suspicious lesions per location and agreement on each
suspicious lesion separately. To determine if a learning
curve is applicable to the reliable interpretation of im-
ages, all analyses were performed on the predetermined
optimal scan protocol for both the initial and the later
conducted extended Phase 2 study.

Statistical analysis

All statistical analyses were performed using R software
[7]. For comparison of ordinal data between the two
groups (comparison of dosage groups, evaluation of the
effect of furosemide), the Mann-Whitney U test was per-
formed. For the detection of a difference between >2
paired groups (comparison of four timeframes: T60, 1.5
and 3 min/bp, and T180, 1.5 and 3 min/bp), a pairwise
Wilcoxon signed-rank test corrected for multiple testing
(Bonferroni-Holm correction [8]) was performed. How-
ever, the difference in image quality was only considered
clinically relevant when the difference in median value
was more than 1 point. k statistics and 95% confidence
intervals were calculated using the ‘psych’ package [9] to
evaluate the interrater reliability. The x values were
interpreted according to the categories presented in
Table 2 [10]. The significance level for all tests was set
on a =0.05.

Results

Administration of '®F-PSMA-11

Synthesis of '®F-PSMA-11 was performed as described
by Kersemans et al. [3]. The radiochemical purity was
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Table 2 Determination of interpretation categories of kappa
values, adapted from Landis and Koch [10]

K Level of agreement
<0 Poor

0.00-0.20 Slight

0.21-040 Fair

041-0.60 Moderate

0.61-0.80 Substantial

0.81-1 Almost perfect

determined using high-performance liquid chromatog-
raphy and thin-layer chromatography and exceeded 98%
and 96%, respectively. Of the initial 44 patients included,
41 patients completed the study protocol of which 21
and 20 subjects were part of the 2 and 4 MBq/kg group,
respectively. Of the 22 patients recruited in the add-
itional Phase 2, 21 patients completed the study proto-
col. Patients of the 2 MBq/kg and 4 MBq/kg group were
administered 167 + 29 MBq '®F-PSMA-11 (4.2 +2.4 pug
PSMA-11) and 313 + 56 MBq "*F-PSMA-11 (8.3 + 4.1 g
PSMA-11), respectively. Patients of the additional Phase
2 study were administered 161 + 23 MBq '*F-PSMA-11
(7.3 £ 3.8 ug PSMA-11). Except for one patient who suf-
fered from an allergic cutaneous reaction at the palms
(grade 2 CTCAE; likely related to the CT contrast Visi-
paque’), none of the patients reported any subjective
side effects. Creatinine level changes showed a wide vari-
ability with an average change in serum creatinine levels
of 1.67% + 10.67%.

Optimisation of scan protocol

The median and interquartile range (IQR) of the image
quality scores are presented in Table 3 with p values
evaluating the difference between the dosage groups for
each time frame. The median scores of the 4 MBq/kg
were 1 point higher (T60, 1.5 and 3 min/bp and T180,
1.5 min/bp) or equal (T180, 3 min/bp) to the 2 MBq/kg
group (Fig. 2). All p values were below the significance
level of 0.05. However, the difference in median scores

Table 3 Median, interquartile range (IQR) and p values of the
image quality scores of the 2 and 4 MBq/kg groups for sets of
reconstructed images (60 and 180 min p., 1.5 and 3 min scan
time per bed position)

2 MBqg/kg 4 MBarkg p value
Median (IQR) Median (IQR)
T60, 1.5 min/bp 4 (0) 5(1) 0.001132*
T60, 3 min/bp 5(1) 6 (1) 0.007741%
T180, 1.5 min/bp (1) 2(0.5) 0.0007*
T180, 3 min/bp 3(1) 3(0.25) 0.001987*

*p values < 0.05 were considered statistically significant
bp bed position
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between the dosage groups did not exceed the clinically
relevant difference of >1 point. A detailed overview of
the results can be found in the Additional file 1.

For the evaluation of the optimal scan time (T60 vs
T180) and scan duration (1.5 versus 3 min/bp), all sets
of reconstructed images were compared to one another
within each dosage group. In general, most images at
T180 showed high background noise and were difficult
to read (Fig. 3). The images at T60, 3 min/bp showed
the highest median image quality score in both dosage
groups (5 and 6 for 2 and 5MBq/kg, respectively).
Table 4 shows that the pairwise comparison of the image
quality scores between all sets of reconstructed images
was significantly different from each other for both dos-
age groups (p values < 0.05). This suggested that imaging
60 min p.i. for 3 min per bed position provides the best
image quality. Pairwise comparison of suspicious lesions
between all sets of reconstructed images only showed a
significant difference in the 2 MBq/kg group between
T180, 1.5min/bp images and all other scan times
(Table 5). The percentage agreement between suspicious
lesions detected on the reference scan T60, 3 min/bp for
2 and 4 MBq/kg and comparison scans were 90.5% and
96.9% for the T60, 1.5 min/bp scan, 42.9% and 61.5% for
the T180, 1.5 min/bp scan and 71.4% and 60% for the
T180, 3 min/bp scan, respectively. The relative CNR of
corresponding suspicious lesions of 2 MBq/kg images on
T60 between 1.5 min/bp and 3 min/bp increased 16.4%
(95% CI, 11.3-21.5). When comparing corresponding
suspicious lesions on T60, 3 min/bp and T180, 3 min/bp
images, the relative CNR decreased over time by 31.0%
(95% CI, 20.8—-41.3). A comparative overview of repre-
sentative lesions between dosage groups and recon-
structed time frames is given in Figs. 4 and 5.

Evaluation of co-administration of furosemide

The median score of the interference on the bladder and
ureters was 2 (IQR =0) for the furosemide group and 3
(IQR =2) for the group without administration of fur-
osemide (p value of 0.01106 (<0.05)). This suggests
slightly less interference when furosemide was adminis-
tered. Although statistically significant, the median dif-
ference of 1 is lower than the predetermined clinically
relevant difference of more than 1 point.

Evaluation of interrater reliability

All analysis was performed on the T60, 3 min/bp scans
of the 2 MBq/kg group. When considering the agree-
ment in disease status (no tumour, local, locoregional,
oligo- or polymetastatic), the x value of 0.92 (95% CI,
0.76-1) suggests an almost perfect interrater agreement.
For the ability to detect suspicious lesions reliably in the
most common metastatic regions (prostate, lymph
nodes, bone and viscera), an overall x value of 0.90 (95%
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60 min p.i., 3min/bed position

NGP2-39
2.0+ 0.2 MBk/kg

NGP2-1
4.0+ 0.4 MBk/kg

NGP2-x = patient ID

Fig. 2 Comparison of images at T60, 3 min/bed position of two patients NGP2-39 and NGP2-1 who received 2 and 4 MBg/kg, respectively.

CI, 0.90-0.90) is found. The comparison of each lesion
separately gives a x value of 0.78 (95% CI, 0.65-0.92)
which indicates a substantial agreement. To evaluate if
the interrater reliability increases after gaining experi-
ence, the same analyses were performed for the patients
of the extended Phase 2. The « statistics for the agree-
ment in disease status, metastatic regions and lesions

separately were 1 (95% CI, 1-1), 0.98 (95% CI, 0.98—
0.98) and 0.94 (95% CI, 0.87-1). The comparison of the
results is presented in a forest plot (Fig. 6).

Discussion
An increased interest in PSMA-based radiotracers has
led to multiple clinical trials on PSMA PET imaging for

60 min p.i.

180 min p.i.

3 min/bp

1.5min/bp 3 min/bp

1.5min/bp l

(82

2 MBq/kg

4 MBa/kg

Fig. 3 MIP images of patients NGP2-6 (2 MBg/kg, top) and NGP2-4 (4 MBg/kg, bottom). NGP2-x = patient ID
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Table 4 p values of the pairwise comparison of the image quality
scores within the 2 MBg/kg group and the 4 MBg/kg group for all
sets of reconstructed images. p values < 0.05 were considered
statistically significant

T60, 1.5 min/bp  T60, 3 min/bp  T180, 1.5 min/bp
Image quality score 2 MBg/kg

T60, 3 min/bp 0.00038 - 0.00027

T180, 1.5 min/bp  0.00024 0.00027 -

T180, 3min/bp ~ 0.00074 0.00038 0.00047
Image quality score 4 MBg/kg

T60, 3 min/bp 0.00011 - 0.00026

T180, 1.5 min/bp ~ 0.00026 0.00026 -

T180, 3 min/bp 0.00026 0.00025 0.00021

bp = bed position

prostate cancer [11-13]. To achieve an accurate and reli-
able image interpretation, a standardized scan protocol
is necessary for implementation in clinical practice [14].
This study determines the optimal scan protocol for
PET imaging of "®F-PSMA-11 by considering the effect
of activity dosage, acquisition time, scan duration and
furosemide co-administration on image quality and le-
sion detection.

Various dosage schemes have been proposed for
PSMA radiotracers. For ®*Ga-PSMA-11, the joint guide-
lines of EANM and SNMMI recommend a dosage of
2.0 + 0.2 MBq/kg [14], while for F-PSMA-1007, dos-
ages up to 4 MBq/kg are applied [15]. In this study, two
dosage groups (2 and 4 MBq/kg body weight) were com-
pared. The administered activity is the primary factor
that determines the radiation exposure and should
therefore be kept as low as reasonably achievable
(ALARA principle) while minimizing the loss of diagnos-
tic information [16—18]. The higher dosage of 4 MBq/kg
and associated increased radiation exposure will there-
fore only be tolerated when the difference in median
score between both dosage groups is more than 1 point,

Table 5 p values of the pairwise comparison of the lesion
detectability within the 2 MBg/kg group and the 4 MBa/kg
group for all sets of reconstructed images. p values < 0.05
were considered statistically significant

T60, 1.5 min/bp  T60, 3 min/bp  T180, 1.5 min/bp

Detection of suspicious lesions 2 MBag/kg

T60, 3 min/bp 1 - 0.0063

T180, 1.5 min/bp  0.0063 0.0063 -

T180, 3 min/bp 1 1 0.0063
Detection of suspicious lesions 4 MBag/kg

T60, 3 min/bp 1.00 - 0.17

T180, 1.5min/bp  0.17 0.17 -

T180, 3min/bp 021 0.21 1.00

bp = bed position
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as smaller differences will not be considered clinically
relevant. Although the median difference between the
two dosage groups was statistically significant, the >1
point difference criterion was not achieved to accept the
4 MBq/kg body weight as dosage. Therefore, 2.0+ 0.2
MBq/kg body weight is recommended for achieving
images of sufficient quality while limiting the radiation
exposure. This is in agreement with the joint EANM
and SNMMI guidelines for PET/CT imaging with ®*Ga-
PSMA [14]. For dosage optimization, inter-subject
comparison was not possible as this would imply admin-
istration of both doses to each patient, which would
unnecessarily increase patient radiation exposure. A
compromise for this limitation is the comparison of the
lesion detection of patients injected with 4 MBq/kg be-
tween the short (1.5 min/bp) and long (3 min/bp) scan
time per bed position. One can argue that assuming lin-
earity of the PET camera, imaging at half the acquisition
time can simulate the administration of half the dosage.
As seen in Table 5, the p value of the comparison be-
tween T60, 1.5 and 3 min and T180, 1.5 and 3 min is
both times equal to 1, which confirms the recommenda-
tion of a dosage of 2 MBq/kg "*F-PSMA-11.

Many studies have compared early and delayed scan-
ning; however, opposite results were obtained. Schmuck
et al. and Afshar-Oromieh et al. both found a higher
tumour-to-background ratio for some lesions on delayed
®8Ga-PSMA-11 imaging but did not agree on the change
in overall detection rate [19, 20]. Rahbar et al. found no
additional benefit in delayed *®Ga-PSMA-11 acquisition
[21], while Derlin et al. showed an improved image qual-
ity for ®®Ga-PSMA-I&T on delayed imaging but only
when combined with delayed furosemide administration
[22]. This shows that the acquisition time can be an im-
portant scan parameter but no consensus has yet been
reached on this topic. As the longer half-life of '°F
makes delayed imaging more accessible, it was deemed
appropriate to evaluate imaging 1h and 3h after 'SF-
PSMA-11 administration. Images at T180 were more
difficult to read and there appears to be increased uptake
in the bone. However, a decrease in CNR was observed
over time. This suggests that either the uptake in sur-
rounding bone tissue increases and/or lesion uptake de-
creases. Additional analysis of the Phase 1 study [4]
showed that the activity in bone versus total body in-
creased with 10.86% from 90 to 300 min p.i. This in-
crease is probably partially caused by free 18F. However,
90 min p.i., less than 10% of the injected activity is
present in the blood of which only 22.2 +1.5% is free
!8E_fluoride. This means that the amount of **F-fluoride
in absolute quantity is low. Another contributing factor
could be slow tracer clearance from bone tissue, but this
should be further investigated. This observation corre-
sponds to a study by Afshar-Oromieh et al. who
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T60 T60
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T180
1.5 min/bp

T180
3 min/bp
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evaluated additional late scanning with *®Ga-PSMA-11
[20]. Images at T60, 3 min/bp were given the highest
median image quality scores and were therefore chosen
as reference for following analyses. For the number of
detected suspicious lesions, only T180, 1.5 min/bp was
significantly inferior. Since only 42 lesions were detected
in 11 patients, the number of lesions might be too small
to detect a statistical difference between the other scan
images. A high percentage agreement was only found
between images at T60 (90.5%) while fewer lesions were
detected on images at T180. Although the total number
of detected suspicious lesions on T180, 3 min/bp were
initially similar to the reference scan (32 vs 34 lesions re-
spectively), retrospective analysis of the detected suspi-
cious lesions showed that the suspicion of certain bone
lesions was due to low image quality or aspecific uptake
because of degenerate bone disease, which reduced the
total number from 32 to 28. Finally, the relative CNR of
suspicious lesions increased for longer acquisition times
while decreasing when scanning occurred at a later time
point. Taking into account all the abovementioned re-
sults, imaging 60 min p.i. with a scan duration of 3 min
per bed position was recommended, which is in accord-
ance to the joint EANM and SNMMI guidelines on im-
aging with ®*Ga-PSMA [14]. However, despite the lower

image quality, the similar lesion detection rate of T60, 3
min/bp and T60, 1.5min/bp would make the latter a
possible acquisition scheme when shorter acquisition
times are required. These results confirm similar previ-
ous findings by Goethals et al. [23] and Hausmann et al.
[24]. No evidence was found to recommend delayed im-
aging with '"®F-PSMA-11 in our study. No dynamic
whole-body PET scans were performed for several rea-
sons. Firstly, the previously conducted Phase 1 study [4]
showed no increased uptake in major organs (except the
kidneys) or possible lesions between 50 and 90 min p.i.
Also, a broad set of inclusion criteria was applied to ob-
tain a diverse cohort of patients in order to evaluate the
radiotracer for different disease stages and metastases lo-
cations. Therefore, the condition of many elderly pa-
tients did not allow for intensive dynamic imaging
protocols. Furthermore, the administration of a diuretic
prevented prolonged scan duration. Therefore, the study
protocol was limited to two acquisition times based on
previously reported results [4] and literature reporting
on scanning 60 min p.i. and increased lesion detectability
180 min p.i [14, 25, 26]. Dynamic imaging will be further
investigated in ongoing animal experiments.

Furosemide co-administration reduced slightly the
radiotracer interference on the ureters. However, the
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clinically relevant median difference of > 1 point was not
achieved. This means that a good image quality can be ob-
tained without the need for a diuretic which can cause
additional discomfort. Nonetheless, the addition of fur-
osemide can be beneficial for the detection of lymph
nodes in the prostate region or in proximity of the ureters
[22]. In this study protocol, a rather high dose of furosem-
ide (40 mg) was administered 30 min before the start of
the first PET/CT. It may be more appropriate to adminis-
ter a lower furosemide dose simultaneously with the ra-
diotracer administration for the comfort of the patient,
which is also recommended in the guidelines of EANM
and SNMMI for administration of ®*Ga-PSMA [14].
PSMA expression is not specific to the prostate only;
physiological background uptake is seen in the kidneys,
bladder, intestines, and salivary glands as well as in
pathological conditions such as Paget’s bone disease and
neovasculature of several solid tumours such as high-
grade sarcomas [27-31]. Moreover, some prostatic ma-
lignant lesions exhibit minimal PSMA expression and
can be difficult to detect on PET [32]. Therefore, the
interrater reliability can be a useful parameter to assess
the clarity of '"®F-PSMA-11 image interpretation and the
potential need for gaining experience in differentiating
prostate cancer lesions from benign focal uptake spots.
The interrater reliability was assessed twice. Initially, the
grade of agreement was determined in the original Phase
2 study within the 2 MBq/kg group on T60, 3 min/bp
images. To see if a learning curve is applicable on the in-
terpretation of "®F-PSMA-11 images, the analysis was re-
peated on images of the additional Phase 2 study which
were carried out after all images from the initially in-
cluded patients were evaluated. It was considered valu-
able to evaluate the ability to assign the correct disease
status (local, locoregional, oligo- and polymetastatic dis-
ease) to each patient as this plays an important role in
determining the appropriate treatment. The « statistic of
0.92 (95% CI, 0.76-1) suggested an almost perfect inter-
rater agreement in disease status and even increased to 1
(95% CI, 1-1) for the additional Phase 2. This would
make '"®F-PSMA-11 an important tool for knowing the
disease status of the patient, which could influence the
treatment management plan. The forest plot in Fig. 6
clearly shows improvement in each category where x
statistics were determined. This was in concordance with
the interobserver agreement study by Fendler et al. [27]
who also found that observers with less than 30 previous
PSMA image readings only showed moderate interrater
reliability contrary to more experienced observers who
achieved substantial to almost perfect agreement. Retro-
spectively, all observed lesions from the original Phase 2
were discussed with both observers. Of the seven bone
lesions on which the observers did not agree, two bone
lesions were determined suspicious and subjected to
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follow-up while the other five bone lesions would not be
made suspicious again after the gained experience from
the trial.

This study was accompanied by some limitations.
Firstly, determining the optimal dosage was solely based
on a subjective scoring system. Furthermore, the PET
characteristics also play a role in scan parameters. This
was not accounted for as all scans were performed on
one PET system (GE Healthcare). Finally, further
optimization of image reconstruction parameters such as
number of subsets, number of iterations and post-
smoothing kernel should be investigated.

Conclusion

The best image quality was obtained by administration of
4.0 + 0.4 MBq/kg '®F-PSMA-11. However, preference will
be given to a dosage of 2.0 + 0.2 MBq/kg due to the small
difference in absolute score (max 1 point) and the ALARA
principle. PET acquisition should start 1 h post injection
with 3 min per bed position acquisition time. Depending
on the medical history of the patient and the location of
metastatic lesions, the co-administration of a diuretic can
be useful. The increase of the x value from 0.78 to 0.94
suggests that the interpretation of *F-PSMA-11 is more
reliable after 40+ PSMA scan readings.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513550-020-0593-7.

Additional file 1. Dataset representing detailed results of the Phase 2
clinical trial study on "8F-PSMA-11.

Abbreviations

"8E-PSMA-11: 18-fluorine prostate-specific membrane antigen 11; ALARA: As
low as reasonably achievable; bp: Bed position; Cl: Confidence interval;
CNR: Contrast noise ratio; IQR: Interquartile range; p.i. Post injection;

PSMA: Prostate-specific membrane antigen; T180: 180 min post injection of
the radiotracer; T60: 60 min post injection of the radiotracer

Acknowledgements

The authors would like to thank all the participating staff members and
physicians of the Department of Radiotherapy and Urology of Ghent
University Hospital for the well-appreciated efforts to recruit patients for the
study and for filling out an endless stream of paperwork, as well as the cyclo-
tron team and nursing staff of the Department of Nuclear Medicine for the
production of the radiotracer and the outstanding cooperation.

Authors’ contributions

The study design was set up by SP, KDM, NVL, EA, FDV and PO. Data
collection and interpretation was carried out by SP, KDM, VS and NVL. KK
was responsible for the production of the investigational product. PO was
the principal investigator of this study. All authors read and approved the
final manuscript.

Funding
The study was supported by the Flemish Foundation FWO TBM (T001517).

Availability of data and materials
The datasets generated during the current study are available from the
corresponding author on reasonable request.


https://doi.org/10.1186/s13550-020-0593-7
https://doi.org/10.1186/s13550-020-0593-7

Piron et al. EJINMMI Research (2020) 10:14

Ethics approval and consent to participate

All procedures performed in this study involving human participants were in
accordance with the ethical standards of the Ethics Committee of the Ghent
University Hospital (2017/1294) and with the 1964 Helsinki Declaration and
its later amendments or comparable ethical standards (EudraCT nr, 2017-
003461-96).

Consent for publication

Consent for publication of results was obtained through the informed
consent form which was signed by each subject before any trial-related pro-
cedures were performed.

Competing interests
The authors declare that they have no competing interests.

Author details

'Laboratory of Radiopharmacy, Ghent University, Ottergemsesteenweg 460,
9000 Ghent, Belgium. “Department Nuclear Medicine, Ghent University
Hospital, Ghent, Belgium. *Department Radiation Oncology, Ghent University
Hospital, Ghent, Belgium.

Received: 11 September 2019 Accepted: 16 January 2020
Published online: 24 February 2020

References

1. Boschi$, Lee JT, Beykan S, Slavik R, Wei L, Spick C, et al. Synthesis and
preclinical evaluation of an Al 18 F radiofluorinated GLU-UREA-LYS ( AHX)
-HBED-CC PSMA ligand. Eur J Nucl med Mol Imaging [Internet]. 2016:2122-30
Available from: https://www.ncbi.nlm.nih.gov/pubmed/27329046.

2. Malik N, Baur B, Winter G, Reske SN, Beer AJ, Solbach C. Radiofluorination of
PSMA-HBED via Al18F2+ chelation and biological evaluations in vitro. Mol
Imaging Biol [Internet] Springer US. 2015;17:777-85 Available from: http://
link.springer.com/10.1007/511307-015-0844-6, [cited 2018 Oct 10].

3. Kersemans K, De Man K, Courtyn J, Van Royen T, Piron S, Moerman L, et al.
Automated radiosynthesis of Al[ 18 FIPSMA-11 for large scale routine use.
Appl Radiat Isot Elsevier Ltd. 2018;135:19-27.

4. Piron S, De Man K, Van Laeken N, D'Asseler Y, Bacher K, Kersemans K, et al.
Radiation dosimetry and biodistribution of 18F-PSMA-11 for PET imaging of
prostate cancer. J Nucl med [Internet] Society of Nuclear Medicine. 2019;
jnumed.118:225250 Available from: http://www.ncbinlm.nih.gov/
pubmed/31028165, [cited 2019 may 17].

5. Rollo D, Machado S, Ceschin M. Design of clinical trials. Semin Nucl Med
[Internet] WB Saunders. 2010;40:332-7 Available from: https://www.
sciencedirect.com/science/article/pii/S0001299810000188?via%3Dihub,
[cited 2019 Jan 18].

6. FDA. Guidance for industry developing medical imaging drug and biological

products part 3: design, analysis, and interpretation of clinical studies [Internet].

2004. Available from: https://www fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/ucm071604.pdf.

7. R Core Team. R: A language and environment for statistical computing. R
Foundation for Statistical Computing [Internet]. 2019 [cited 2019 Jun 5].
Available from: https://www.r-project.org/.

8. Salkind N. Holm's Sequential Bonferroni Procedure. Encycl Res Des
[Internet]. Thousand Oaks; 2010. Available from: https.//methods.sagepub.
com/reference/encyc-of-research-design.

9. Revelle W. psych: procedures for personality and psychological research
[Internet]. Evanston: Northwestern University; 2018. Available from: https.//
cran.r-project.org/package=psych.

10.  Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics [Internet]. 1977;33:159 Available from: https://
www.jstor.org/stable/25293107origin=crossref, [cited 2019 Jun 25].

11, Abufaraj M, Grubmiller B, Zeitlinger M, Kramer G, Seitz C, Haitel A, et al.
Prospective evaluation of the performance of [68Ga]Ga-PSMA-11 PET/CT
(MRI) for lymph node staging in patients undergoing superextended
salvage lymph node dissection after radical prostatectomy. Eur J Nucl Med
Mol Imaging [Internet]. 2019; Available from: http://www.ncbi.nim.nih.gov/
pubmed/31254037. [cited 2019 Jul 4].

12. Rowe SP, Campbell SP, Mana-Ay M, Szabo Z, Allaf ME, Pienta KJ, et al.
Prospective evaluation of PSMA-targeted 18 F-DCFPyL PET/CT in men with
biochemical failure after radical prostatectomy for prostate cancer. J Nucl

20.

21.

22.

23.

24,

25.

26.

27.

Page 11 of 12

Med [Internet]. 2019;119(jnumed):226514 Available from: http://www.ncbi.
nim.nih.gov/pubmed/31201249. [cited 2019 Jul 4].

Giesel FL, Will L, Lawal |, Lengana T, Kratochwil C, Vorster M, et al.
Intraindividual comparison of 18F-PSMA-1007 and 18F-DCFPyL PET/CT in
the prospective evaluation of patients with newly diagnosed prostate
carcinoma: a pilot study. J Nucl Med [Internet] Society of Nuclear Medicine.
2018;59:1076-80 Available from http://www.ncbi.nlm.nih.gov/pubmed/2926
9569. [cited 2019 Jul 4].

Fendler WP, Eiber M, Beheshti M, Bomaniji J, Ceci F, Cho S, et al. 68Ga-PSMA
PET/CT: Joint EANM and SNMMI procedure guideline for prostate cancer
imaging: version 1.0. Eur J Nucl Med Mol Imaging [Internet]. Available from:
https.//www.eanm.org/content-eanm/uploads/2016/11/EANM_SNMMI_
Procedure-guideline-Ga-PSMA.pdf. [cited 2019 Jul 3].

Rahbar K, Afshar-Oromieh A, Seifert R, Wagner S, Schafers M, Bogemann M,
et al. Diagnostic performance of 18F-PSMA-1007 PET/CT in patients with
biochemical recurrent prostate cancer. Eur J Nucl Med Mol Imaging
[Internet] Springer Berlin Heidelberg. 2018:1-7 Available from: http://link.
springer.com/10.1007/500259-018-4089-, [cited 2018 Aug 17].

European Association of Nuclear Medicine. Principles and practice of PET/CT
part 1 a technologist's guide publications. Brochures [Internet]. 2010;
Available from: https://eanm.org/publications/quidelines/gl_Principles_and_
Practice_of_PET-CT_Part_1.pdf.

Karakatsanis NA, Fokou E, Tsoumpas C. Dosage optimization in positron
emission tomography: state-of-the-art methods and future prospects. Am J
Nucl Med Mol Imaging [Internet] e-Century Publishing Corporation. 2015;5:
527-47 Available from: http://www.ncbi.nlm.nih.gov/pubmed/26550543.
[cited 2019 Jul 3].

Frederic H, Fahey ABG, DG. Radiation protection and dose optimisation:
chapter 5: dose optimisation for diagnostic procedures. EANM [Internet].
Available from: https://www.eanm.org/content-eanm/uploads/2016/12/
EANM_2016-TG_RadiationProtection_lowres.pdf. [cited 2019 Jul 3].
Schmuck S, Nordlohne S, von Klot C-A, Henkenberens C, Sohns JM,
Christiansen H, et al. Comparison of standard and delayed imaging to
improve the detection rate of [68Ga] PSMA 1&amp;T PET/CT in patients with
biochemical recurrence or prostate-specific antigen persistence after
primary therapy for prostate cancer. Eur J Nucl Med Mol Imaging [Internet]
Springer Berlin Heidelberg. 2017;44:960-8 Available from: http://linkspringer.
com/10.1007/500259-017-3669-5. [cited 2019 Jul 9].

Afshar-Oromieh A, Sattler LP, Mier W, Hadaschik BA, Debus J, Holland-Letz T,
et al. The clinical impact of additional late PET/CT imaging with 68Ga-
PSMA-11 (HBED-CQ) in the diagnosis of prostate cancer. J Nucl Med
[Internet] Society of Nuclear Medicine. 2017;58:750-5 Available from: http://
www.nebi.nlm.nih.gov/pubmed/28062595. [cited 2019 Jul 9].

Rahbar K, Vehren T. MB-J of N, 2015 undefined. Dual time point PET/CT
acquisition using Ga-68-PSMA-radioligand. Soc Nucl Med [Internet].
Available from: http://jnm.snmjournals.org/content/56/supplement_3/1437.
short. [cited 2019 Jul 9]..

Derlin T, Weiberg D, von Klot C, Wester H-J, Henkenberens C, Ross TL,
et al. 68Ga-PSMA I&T PET/CT for assessment of prostate cancer:
evaluation of image quality after forced diuresis and delayed imaging.
Eur Radiol [Internet]. Springer Berlin Heidelberg. 2016;26:4345-53
Available from: http://link.springer.com/10.1007/500330-016-4308-4, [cited
2019 Jun 24].

Goethals |, D'Asseler Y, Dobbeleir A, Deblaere K, Ham H. The effect of
acquisition time on visual and semi-quantitative analysis of F-18 FDG-PET
studies in patients with head and neck cancer. Nucl Med Commun. 2010.
Hausmann D, Dinter DJ, Sadick M, Brade J, Schoenberg SO, Busing K. The
impact of acquisition time on image quality in whole-body 18F-FDG PET/CT
for cancer staging. J Nucl Med Technol. 2012.

Afshar-Oromieh A, Malcher A, Eder M, Eisenhut M, Linhart HG, Hadaschik
BA, et al. PET imaging with a [68Ga]gallium-labelled PSMA ligand for the
diagnosis of prostate cancer: biodistribution in humans and first evaluation
of tumour lesions. Eur J Nucl Med Mol Imaging [Internet] Springer-Verlag.
2013,40:486-95 Available from: http://link.springer.com/10.1007/500259-
012-2298-2 [cited 2018 Mar 7].

Pianou NK, Stavrou PZ, Vlontzou E, Rondogianni P, Exarhos DN, Datseris E.
More advantages in detecting bone and soft tissue metastases from prostate
cancer using 18F-PSMA PET/CT [Internet]. Hell J Nucl Med. 2019:6-9 Available
from: http://uroweb.org/guideline/pros-tate-. [cited 2019 Dec 17].

Fendler WP, Calais J, Allen-Auerbach M, Bluemel C, Eberhardt N, Emmett L,
et al. 68Ga-PSMA-11 PET/CT interobserver agreement for prostate cancer


https://www.ncbi.nlm.nih.gov/pubmed/27329046
http://link.springer.com/10.1007/s11307-015-0844-6
http://link.springer.com/10.1007/s11307-015-0844-6
http://www.ncbi.nlm.nih.gov/pubmed/31028165
http://www.ncbi.nlm.nih.gov/pubmed/31028165
https://www.sciencedirect.com/science/article/pii/S0001299810000188?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0001299810000188?via%3Dihub
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071604.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071604.pdf
https://www.r-project.org/
https://methods.sagepub.com/reference/encyc-of-research-design
https://methods.sagepub.com/reference/encyc-of-research-design
https://cran.r-project.org/package=psych
https://cran.r-project.org/package=psych
https://www.jstor.org/stable/2529310?origin=crossref
https://www.jstor.org/stable/2529310?origin=crossref
http://www.ncbi.nlm.nih.gov/pubmed/31254037
http://www.ncbi.nlm.nih.gov/pubmed/31254037
http://www.ncbi.nlm.nih.gov/pubmed/31201249
http://www.ncbi.nlm.nih.gov/pubmed/31201249
http://www.ncbi.nlm.nih.gov/pubmed/29269569
http://www.ncbi.nlm.nih.gov/pubmed/29269569
https://www.eanm.org/content-eanm/uploads/2016/11/EANM_SNMMI_Procedure-guideline-Ga-PSMA.pdf
https://www.eanm.org/content-eanm/uploads/2016/11/EANM_SNMMI_Procedure-guideline-Ga-PSMA.pdf
http://link.springer.com/10.1007/s00259-018-4089-x
http://link.springer.com/10.1007/s00259-018-4089-x
https://eanm.org/publications/guidelines/gl_Principles_and_Practice_of_PET-CT_Part_1.pdf
https://eanm.org/publications/guidelines/gl_Principles_and_Practice_of_PET-CT_Part_1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/26550543
https://www.eanm.org/content-eanm/uploads/2016/12/EANM_2016-TG_RadiationProtection_lowres.pdf
https://www.eanm.org/content-eanm/uploads/2016/12/EANM_2016-TG_RadiationProtection_lowres.pdf
http://link.springer.com/10.1007/s00259-017-3669-5
http://link.springer.com/10.1007/s00259-017-3669-5
http://www.ncbi.nlm.nih.gov/pubmed/28062595
http://www.ncbi.nlm.nih.gov/pubmed/28062595
http://jnm.snmjournals.org/content/56/supplement_3/1437.short
http://jnm.snmjournals.org/content/56/supplement_3/1437.short
http://link.springer.com/10.1007/s00330-016-4308-4
http://link.springer.com/10.1007/s00259-012-2298-2
http://link.springer.com/10.1007/s00259-012-2298-2
http://uroweb.org/guideline/pros-tate-

Piron et al. EINMMI Research

28.

29.

30.

31

32.

(2020) 10:14

assessments: an international multicenter prospective study. J Nucl Med
[Internet] Society of Nuclear Medicine. 2017;58:1617-23 Available from:
http://www.ncbi.nim.nih.gov/pubmed/28408531. [cited 2019 Jul 4].

Sweat SD, Pacelli A, Murphy GP, Bostwick DG. Prostate-specific membrane
antigen expression is greatest in prostate adenocarcinoma and lymph node
metastases. Urol Int. 1998,52:637-40 Available from: http://www.ncbi.nim.
nih.gov/pubmed/9763084, [cited 2018 mar 5].

Mannweiler S, Amersdorfer P, Trajanoski S, Terrett JA, King D, Mehes G.
Heterogeneity of prostate-specific membrane antigen (PSMA) expression in
prostate carcinoma with distant metastasis. Pathol Oncol Res [Internet]
Springer Netherlands. 2009;15:167-72 Available from: http://link.springer.
com/10.1007/512253-008-9104-2, [cited 2018 Mar 5].

Heitkotter B, Trautmann M, Griinewald |, Bogemann M, Rahbar K,
Gevensleben H, et al. Expression of PSMA in tumor neovasculature of high
grade sarcomas including synovial sarcoma, rhabdomyosarcoma,
undifferentiated sarcoma and MPNST. Oncotarget [Internet] Impact J, LLC.
2017,8:4268-76 Available from: http://www.ncbi.nlm.nih.gov/pubmed/28002
805, [cited 2019 Jul 4].

Bourgeois S, Gykiere P, Goethals L, Everaert H, De Geeter FW. Aspecific
uptake of 68GA-PSMA in paget disease of the bone. Clin Nucl Med
[Internet]. 2016;41:877-8 Available from: http://www.ncbi.nlm.nih.gov/
pubmed/27556795, [cited 2019 Jul 4].

Bostwick DG, Pacelli A, Blute M, Roche P, Murphy GP. Prostate specific
membrane antigen expression in prostatic intraepithelial neoplasia and
adenocarcinoma: a study of 184 cases. Cancer [Internet]. 1998,82:2256-61
Available from: http://www.ncbinimnih.gov/pubmed/9610707, [cited 2019 Jul 4].

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 12 of 12

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



http://www.ncbi.nlm.nih.gov/pubmed/28408531
http://www.ncbi.nlm.nih.gov/pubmed/9763084
http://www.ncbi.nlm.nih.gov/pubmed/9763084
http://link.springer.com/10.1007/s12253-008-9104-2
http://link.springer.com/10.1007/s12253-008-9104-2
http://www.ncbi.nlm.nih.gov/pubmed/28002805
http://www.ncbi.nlm.nih.gov/pubmed/28002805
http://www.ncbi.nlm.nih.gov/pubmed/27556795
http://www.ncbi.nlm.nih.gov/pubmed/27556795
http://www.ncbi.nlm.nih.gov/pubmed/9610707

	Abstract
	Background
	Results
	Conclusion
	Trial registration

	Introduction
	Materials and methods
	Patients
	Safety monitoring
	Study protocol
	(Semi-)quantitative analysis of dosage and acquisition times
	Evaluation of co-administration of furosemide
	Interrater reliability
	Statistical analysis

	Results
	Administration of 18F-PSMA-11
	Optimisation of scan protocol
	Evaluation of co-administration of furosemide
	Evaluation of interrater reliability

	Discussion
	Conclusion
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

