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Abstract

Purpose Prostate-specific membrane antigen (PSMA) positron emission tomography/ computed tomography (PET/CT) is
recognized as the most accurate imaging modality for detection of metastatic high-risk prostate cancer (PCa). Its role in the
local staging of disease is yet unclear. We assessed the intra- and interobserver variability, as well as the diagnostic accuracy
of the PSMA PET/CT based molecular imaging local tumour stage (miT-stage) for the local tumour stage assessment in a
large, multicentre cohort of patients with intermediate and high-risk primary PCa, with the radical prostatectomy specimen
(pT-stage) serving as the reference standard.

Methods A total of 600 patients who underwent staging PSMA PET/CT before robot-assisted radical prostatectomy was
studied. In 579 PSMA positive primary prostate tumours a comparison was made between miT-stage as assessed by four
nuclear physicians and the pT-stage according to ISUP protocol. Sensitivity, specificity and diagnostic accuracy were deter-
mined. In a representative subset of 100 patients, the intra-and interobserver variability were assessed using Kappa-estimates.
Results The sensitivity and specificity of the PSMA PET/CT based miT-stage were 58% and 59% for pT3a-stage, 30%
and 97% for > pT3b-stage, and 68% and 61% for overall > pT3-stage, respectively. No statistically significant differences in
diagnostic accuracy were found between tracers.

We found a substantial intra-observer agreement for PSMA PET/CT assessment of > T3-stage (k 0.70) and > T3b-stage
(k 0.75), whereas the interobserver agreement for the assessment of > T3-stage (k 0.47) and > T3b-stage (k 0.41) were
moderate.

Conclusion In a large, multicentre study evaluating 600 patients with newly diagnosed intermediate and high-risk PCa, we
showed that PSMA PET/CT may have a value in local tumour staging when pathological tumour stage in the radical pros-
tatectomy specimen was used as the reference standard. The intra-observer and interobserver variability of assessment of
tumour extent on PSMA PET/CT was moderate to substantial.
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Introduction

Prostate cancer (PCa) is the most common cancer in men of
middle and older age [1]. Adequate local staging (T-stage)
in primary PCa is important to guide treatment decisions.
Such as surgical planning (including nerve-sparing options)
in patients undergoing radical prostatectomy or in those who
opt for external radiotherapy of the prostate. Curation is more
likely achieved when disease is limited to the prostate gland
(i.e., T-stage <2).

The presence of T3-disease (i.e. T3a in case of extraca-
psular extension, or T3b in case of seminal vesicle invasion
[2]) may be assessed by a combination of serum prostate
specific antigen (PSA), digital rectal examination, transrectal
ultrasound, the outcome of prostate biopsies and by magnetic
resonance imaging (MRI). Although MRI is the most accurate
single staging modality with high specificity (82-88%), it’s
overall accuracy to detect T3-disease is hampered by its lower
sensitivity (51-57%) [3, 4]. Therefore, efforts may be made to
improve accuracy of detecting T3-disease.

Prostate-specific membrane antigen (PSMA) positron emis-
sion tomography / computed tomography (PET/CT) is increas-
ingly being used for initial staging of patients with intermediate
and high-risk primary PCa as well as in patients with recurrent
disease after treatment with curative intent [5—7]. While PSMA-
PET is an adequate modality for staging metastases, it may also
be applied for the assessment of the local extent of primary PCa.
Several studies on the assessment of local staging on PSMA
PET showed promising results [8]. However, these studies were
performed in single centre settings and had a limited number
of patients, thus possibly influencing the statistical robustness.
Also, in these studies almost exclusively %8Ga-labelled PSMA
tracers were used, which may question its generalizability to the
'8F_labelled PSMA tracers.

Therefore, we assessed a large, multicentre cohort of
patients with intermediate and high-risk PCa using both **Ga-
and '8F-labelled PSMA tracers. The diagnostic accuracy of
molecular imaging local tumour staging by PSMA PET/CT
(miT-stage) was determined with the radical prostatectomy
specimen (pT-stage) serving as the reference standard. Fur-
thermore, as an important determinant of diagnostic test reli-
ability, both intra-observer and interobserver variability of
PSMA PET/CT for local tumour staging were assessed.

Material and methods

This retrospective cohort study was conducted by the
Amsterdam UMC and the Netherlands Cancer Institute
— Antoni van Leeuwenhoek (NCI-AVL) as tertiary refer-
ral centres within the Prostate Cancer Network the Neth-
erlands. Approval of the institutional review board of both
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hospitals was obtained for this study, meanwhile waiving
the need to receive informed consent (VUmc2019.586 and
IRBd20-041).

Patients

A cohort of 600 consecutive patients with intermediate
and high-risk primary PCa was studied. All patients under-
went PSMA PET/CT before robot-assisted radical prosta-
tectomy (RARP) and extended pelvic lymph node dissec-
tion (ePLND) between August 2016 and June 2021. From
all patients, clinical and pathological data were obtained
from a prospectively maintained comprehensive database.
Patients were classified according to the D’Amico risk clas-
sification into having low, intermediate, or high-risk disease
[9]. Patients underwent a PSMA PET/CT as per protocol
because of the presence of intermediate and high-risk fac-
tors (i.e., > clinical T3, an International Society of Urologic
Pathologists (ISUP) grade 3 / Gleason score>4+3 =7, and/
or a serum PSA >20 ng/mL).

Pre-operative PSMA PET imaging

PSMA PET imaging was performed in NCI-AVL, Amster-
dam UMC or in one of the referring external centres using
multiple tracers, according to local protocols on EARL
accredited PET systems [10, 11] and in line with EANM
guidelines on prostate cancer imaging [12, 13]. The applied
PSMA tracers included the '3F-labelled tracers: ['*F]DCE-
PyL, ['8FIPSMA-1007, ['®F]-JK-PSMA-7, and the **Ga-
labelled tracer [®®Ga]Ga-PSMA-11. The '3F-labelled trac-
ers were synthesized via direct radiofluoration at an on-site
cyclotron facility. [*3Ga]Ga-PSMA-11 was produced on-site
using a fully automated system (Scintomics GmbH), compli-
ant to the Good Manufacturing Practices-guidelines. PET-
images were acquired from mid-thigh to skull-base using
Siemens Truepoint, Philips Ingenuity / Gemini TF, or Philips
Vereos integrated PET/CT systems. PET-images were com-
bined with either a low-dose CT-scan (120-140 kV, 40-80
mAs with dose modulation) or a full dose CT-scan (130 kV,
110mAs), with or without intravenous contrast enhance-
ment. All PET-images were corrected for scatter, decay, and
random coincidences.

Image analysis and molecularimage tumour-stage
assessment

Current guidelines advise to report a molecular imaging
(mi) based T-stage which is a PSMA-PET based derivation
of the clinicopathological TNM system [14-16]. In this
visual image assessment system, the following miT-stages
are distinguished: miTO (no tumour visible in the prostate),
miT2 (tumour localized within the prostate capsule), miT3a
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(extracapsular extension (ECE)), miT3b (seminal vesicle
invasion (SVI)), miT4 (extension in other extraprostatic
tissues such as urinary bladder, rectum, or other pelvic
structures). However, in these guidelines, clear criteria spe-
cifically for the assessment of miT3a- and miT3b-stage are
yet lacking. Therefore, four observers (nuclear medicine
physicians with ample experience in PSMA PET/CT read-
ing, i.e., more than 5 years of experience in PSMA PET/
CT reading according to E-PSMA guidelines [14] and more
than 2000 assessed PSMA PET/CT scans: DO (Amsterdam
UMC), and MD, MW, ZC (NCI-AVL)), reached consensus
on further specified criteria for miT3a- and miT3b-stage,
based on earlier reported criteria and personal experience
[17]. According to this consensus, miT3a was determined
as either PET tumour activity extending beyond the borders
of the prostate contour as visualized on concurrent CT and/
or the presence of morphological criteria on CT, e.g., an
angulated contour of the prostate gland or obliteration of
the rectoprostatic angle (Fig. 1), and miT3b was determined
as PET tumour activity extending beyond the prostate base
into the seminal vesicle and /or separate focal activity in the
seminal vesicle (Fig. 2).

Next, all PSMA PET/CT scans were analysed by the four
nuclear medicine physicians (150 cases each) for PSMA
expression in the local prostate tumour and a PSMA-expres-
sion score was assigned according to E-PSMA guidelines
[14]. According to the consensus-based criteria, a miT-
stage was assigned distinguishing the following stages:
miTO, miT2, miT3a, miT3b or miT4. Regarding the pres-
ence of extra-capsular extension (miT3a), readers designated
the presence using a 3-point Likert scale as 0. not likely
(miT2-stage); 1. possible (possible miT3a); and 2. probable
(miT3a). Scans in which no PSMA positive prostate tumour
was observed (PSMA expression score 0 / miTO stage) were
deemed not suitable for local staging and were left out of the
further comparative analyses to pathological tumour stage.
Observers were blinded from all clinical information, includ-
ing the clinical T-stage, clinical reports of the scans, and
results of other imaging.

Analysis of intra- and interobserver variability
of molecular image tumour-stage assessment

To determine the intra-observer variability of miT-stage
assessment, each observer re-assessed a random selection
of 25 previously evaluated cases (i.e., 100 in total) at least
6 months after the initial assessments. In this, the observers
were blinded to previous individual assessments.

The interobserver variability of miT-stage assessment was
determined by dual observer analysis of 25 randomly selected
cases per observer (i.e., 100 in total) using varying pairs of
observers. The observers were blinded to earlier assessments.

Histopathological assessment of pathological
T-stage after RARP

Histopathology was considered the reference standard
for tumour stage (i.e., pT-stage) of the primary PCa. All
RARP specimens were processed and reported according
to the ISUP standard protocols by specialized uropatholo-
gists [18] and a pathological T-stage was assigned accord-
ing to TNM (8" ed.) [2].

Statistical analysis

Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, IBM; v26). Con-
tinuous variables are expressed as mean (+ standard
deviation (SD)), or in case of not normally distributed
data as median (interquartile range (IQR)). Categori-
cal variables are presented with absolute and relative
frequencies.

The diagnostic accuracy of preoperative PSMA PET/
CT-based molecular imaging tumour stage for predicting
pathological tumour stage (pT-stage) as assessed within
the radical prostatectomy specimen was determined. In
this, sensitivity, specificity, negative predictive value
and the positive predictive value were assessed. Further-
more, as a measure of diagnostic accuracy, areas under
the receiver operating characteristics curves (AUC) were
calculated.

The diagnostic accuracy was determined for all observ-
ers combined (observer-average) as well as for individual
observers (observer-specific). Furthermore, the diagnostic
accuracy was determined per tracer (tracer-specific). For
calculation of diagnostic accuracy, data were dichotomized
treating Likert scale points 0 as negative, and 1 and 2 as
positive for miT3a; stages miT3b and miT4 were grouped;
and overall > miT3 was determined as any miT3a, miT3b
or miT4. Pathological tumour stage was assessed as pT2,
pT3a, and > pT3b. Overall > pT3 was determined as any
pT3a or>pT3b.

Intra- and interobserver agreement of PSMA PET/CT
assessment on the presence of > T3-stage were estimated
using Cohen’s weighted kappa with 95% CI, discerning
categories T2 (Likert 0), possible > T3 stage (Likert 1)
and probable > T3 stage (Likert 2). Intra- and interobserver
agreement on > T3b-stage were estimated separately using
Cohen’s kappa with 95% CI.

As conventionally classified, kappa values of 0-0.20
indicate a poor, 0.21-0.40 a fair, 0.41-0.60 a moderate,
0.61-0.80 a substantial, and 0.81-1.0 a nearly perfect
agreement [19]. All statistical tests were two-tailed, and a
value of p <0.05 was considered statistically significant.
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Fig. 1 Example of PSMA PET
based assessment of T3a-stage.
A 78-year-old man presented
with a clinical T1c ISUP grade
2 prostate cancer and an iPSA
of 7.0, who underwent PSMA
PET/ non-contrast enhanced
CT using ['*F]-JK-PSMA-7 as
tracer because of a suspicious
pelvic node on MRI. Attenua-
tion-corrected PET reconstruc-
tion (a), fused PET — non-
contrast enhanced CT (b) and
non-contrast enhanced CT (c¢) at
the same axial level of the pros-
tate. These show an intensely
PSMA-positive prostate tumour
in the peripheral zone on the
right (red arrow) and PET
tumour activity extending
outside the prostate contour as
depicted on CT (green arrow),
as well as asymmetrical bulg-
ing of the prostate contour on
CT (blue arrow). According to
the standardized assessment,

a molecular imaging tumour-
stage 3a (Likert score 2) was
assigned. The patient underwent
a robot-assisted radical prosta-
tectomy after which a histo-
pathologically confirmed pT3a,
ISUP grade 3 acinar adeno-
carcinoma of the prostate with
cribriform growth was found
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Fig.2 Example of PSMA PET
based assessment of T3b-stage. a
A 61-year-old man presented
with a clinical T2a ISUP grade
2 prostate cancer and an iPSA
of 23.0, who underwent PSMA
PET/ non-contrast enhanced

CT using [*®*Ga]Ga-PSMA-11
as tracer because of the pres-
ence of a high-risk factor

(iPSA > 20 ng/ml). Attenuation-
corrected PET reconstruction
(a) and fused PET — non-
contrast enhanced CT (b) at the
same axial level of the prostate
show an area of elevated uptake
in the left seminal vesicle (red
arrows). According to the
standardized assessment, a
molecular imaging tumour-stage
3b was assigned. The patient
underwent a robot-assisted
radical prostatectomy after
which a histopathologically
confirmed pT3b, ISUP grade 2
acinar adenocarcinoma of the
prostate with cribriform growth
was found

Results
Patient characteristics

The 600 included patients who underwent RARP and pre-
operative PSMA PET/CT had a median (IQR) age of 68
(64-72) years and a median (IQR) initial PSA of 11 ng/
ml (7-20). Of these, 371 (61.8%) had a T3-stage at final
pathology. Further clinical and pathological characteristics
are listed in Table 1.

PSMA PET/CT staging characteristics

Patients were scanned using four different PSMA trac-
ers, namely [*3Ga]Ga-PSMA-11 in 287 (47.8%), ['%F]
DCFPyL in 210 (35.0%), ['"®FIPSMA-1007 in 70 (11.7%),
and ['8F]-JK-PMSA-7 in 33 (5.5%) out of 600 patients.
The doses and biodistribution times of the different trac-
ers are provided in Table 2. Molecular Imaging primary

tumour staging (miT-stage) on PSMA PET/CT is listed
in Table 3. In 21 (3.5%) out of 600 patients, no PSMA
positive primary prostate tumour was observed (PSMA
expression score 0 / miTO). These cases were left out of
the analyses on the diagnostic accuracy of PSMA PET/
CT for pT-staging. In the remaining 579 patients, miT2
was assessed in 250 (41.7%), miT3a-stage was observed
in 276 (46.0%), while miT3b/miT4 stage was found in 53
(8.8%) patients.

Diagnostic accuracy of PSMA PET for pathological
T-staging

In the 579 patients with a PSMA positive primary tumour,
the observer-average sensitivity and specificity of PSMA
PET/CT-based miT-stage for predicting pT3a-stage, as
assessed in the radical prostatectomy specimen, were 58%
and 59%, respectively. For > pT3b-stage these were 30% and
97%, and 68% and 61% for overall > pT3-stage, respectively.
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Table 1 Clinical and

. . . n=600
histopathological characteristics
of 600 evaluated patients who Age (years), median (IQR) 68 (64-72)
underwent PSMA PET/CT Initial PSA level (ng/ml), median (IQR) 11 (7-20)
imaging before robot-assisted
radical prostatectomy Time between PSMA PET/CT and RARP (days), median (IQR) 58 (37-80)
D’Amico Risk Classification;
Low Risk 2 (0.3%)
Intermediate Risk 162 (27.0%)
High Risk 436 (72.7%)
Pathological Grade Group in prostatectomy specimen;
ISUP 1 7(1.2%)
ISUP 2 189 (31.5%)
ISUP 3 203 (33.8%)
ISUP 4 57 (9.5%)
ISUP 5 144 (24.0%)
Pathological tumour stage
pT2 229 (38.2%)
pT3 (overall) 371 (61.8%)
e pT3a 227 (37.8%)
o >pT3b o [44(24.0%)

SD =standard deviation; IQR =interquartile range; PSA = prostate-specific antigen; PSMA = prostate-spe-
cific membrane antigen; PET = positron emission tomography; CT=computed tomography; RARP =robot-
assisted laparoscopic radical prostatectomy; ISUP=International Society of Urological Pathology;

p =pathology; T=tumour-stage

Table2 PSMA PET/CT

. . R PSMA PET/CT tracer n (%) Tracer dose (MBq, Tracer biodistribution
imaging characteristics in 600 . . . .
evaluated patients median (IQR)) time (minutes, median
(IQR))
[%8Ga]Ga-PSMA-11 287 (47.8%) 109 (97-149) 50 (45-60)
['*FIDCFPyL 210 (35.0%) 217 (201-303) 73 (58-118)
["*FIPSMA-1007 70 (11.7%) 284 (259-312) 84 (75-91)
['®F]-JK-PSMA-7 33 (5.5%) 292 (255-324) 90 (83-90)
PSMA PET combined with
low-dose, non-ceCT 408 (68.0%)
high-dose, ceCT 134 (22.3%)
high-dose, non-ceCT 58 (9.7%)

PSMA = prostate-specific membrane antigen; PET = positron emission tomography; CT=computed tomog-
raphy; ceCT = contrast-enhanced CT; MBg=megabecquerel; /QR =interquartile range

The PPV and NPV of miT-stage were 46% and 70% for
pT3a-stage, 77% and 81% for > pT3b-stage, and 73% and
54% for overall > pT3-stage, respectively (Table 4). Diagnos-
tic accuracy expressed by means of AUC showed an AUC
of 0.59 (95% CI 0.54—0.63) for predicting pT3a-stage, 0.64
(95% CI 0.58—0.69) for predicting pT3b-stage, and 0.64
(95% CI 0.60—0.69) for predicting overall > pT3-stage.
The observer-specific diagnostic accuracy of PSMA PET/
CT-based miT-stage ranged from 0.54 to 0.65 for predicting
pT3a-stage, from 0.58 to 0.78 for predicting > pT3b-stage,
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and from 0.59 to 0.75 for predicting overall > pT3-stage.
Further details are presented in Table 5.

The tracer-specific diagnostic accuracy of PSMA PET/
CT-based miT-stage ranged from 0.54 to 0.63 for predicting
pT3a-stage, from 0.57 to 0.65 for predicting > pT3b-stage,
and from 0.61 to 0.69 for predicting overall > pT3-stage.
Further details are presented in Table 6.

An additional analysis was performed with an alternative
dichotomization regarding miT3a-stage: Likert scale points
0 (definite miT2) and 1 (possible miT3a) were treated as
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Table3 PSMA PET/CT primary tumour staging characteristics in
600 evaluated patients

PSMA expression score of prostate tumour

1 187 (31.2%)
2 244 (40.7%)
3 148 (24.7%)
miT-stage
miT2 250 (41.7%)
miT3a 276 6.0%)
o Likert 1 ® 128(21.3%)

o Likert 2 ® 148 (7.2%)
miT3b—miT4 53 (8.8%)
PSMA expression score 0 / miTO 21 (3.5%)

PSMA = prostate-specific membrane antigen; PET =positron emission
tomography; CT=computed tomography; mi=molecular imaging;
T=tumour-stage

negative for miT3a-stage, and Likert scale point 2 (probable
miT3a) as positive for miT3a stage. This analysis yielded
an observer-average sensitivity, specificity, and accuracy of
PSMA PET/CT of 36%, 81% and 0.58 (95% CI 0.54—0.63)

for pT3a-stage and 45%, 82%, and 0.64 (95% CI 0.59—0.68)
for overall > pT3-stage respectively (Supplementary Table 1).

Observer variability of molecularimaging PSMA PET
T-staging

Hundred cases were re-assessed as well as dually assessed,
and available for the calculation of intra- and interobserver
agreement of miT-stage assessment, respectively.

For the assessment of overall T3-stage on PSMA PET/
CT imaging, a substantial intra-observer agreement was
found with an average Cohen’s kappa value of 0.70 (95%
CI 0.60—0.81) across the four readers. Likewise, for the
assessment of > T3b-stage on PSMA PET/CT imaging,
a substantial intra-observer agreement was found with a
Cohen’s kappa value of 0.75 (95% CI 0.55—0.96).

For the assessment of overall T3-stage on PSMA
PET/CT imaging, a moderate interobserver agreement
was found with a Cohen’s kappa value of 0.47 (95% CI
0.33—0.61). For the assessment of > T3b-stage on PSMA
PET/CT imaging, a moderate interobserver agreement was
found as well with a Cohen’s kappa value of 0.41 (95% CI
0.13—0.70).

Table 4 Observer-average

diagnostic accuracy of PSMA A
PET/CT based tumour stage no pT3a; n pT3a;n Total; (PPV/NPV)
(miT-stage) for pathological no miT3a 212 91 303 (70% NPV,
tumour stage (pT-stage) in 579 95% CI 65-75%)
patients with a PSMA-positive miT3a 148 128 276 (46% PPV,
prostate tumour undergoing 95% CI 41_52%)
- tive PSMA PET/CT
féfa;’fr’l Zz;‘éeconcurrent robot Total 360 (59% specificity, 219 (58% sensitivity, 579
. - 95% CI 54-64%) 95% CI 52-65%)
assisted radical prostatectomy
(RARP) as reference standard, AUC 0.59 [95% CI 0.54—0.63]
regarding A. pT3-stage; B
B.2pT3b-stage and C. 2 pT3- <pT3b;n >pT3b; n Total; (PPV/NPV)
L.
stage <miT3b 429 97 526 (82% NPV,
95% CI 78-85%)
miT3b — miT4 12 41 53 (77% PPV,
95% CI 65-87%)
Total 441 (97% specificity, 138 (30% sensitivity, 579
95% CI 96-99%) 95% CI 23-38%)
AUC 0.64 [95% CI 0.58—0.69]
C
pT2;n >pT3;n Total; (PPV/NPV)
miT2 135 115 250 (54% NPV,
95% CI 48-60%)
>miT3 88 241 329 (73% PPV,
95% CI 68-78%)
Total 223 (61% specificity, 356 (68% sensitivity, 579

95% CI 54-67%)
AUC 0.64 [95% CT 0.60—0.69]

95% CI 63-72%)

p=pathology; mi=molecular imaging; 7'=tumour-stage; PPV =positive predictive value; NPV =negative

predictive value; AUC =area under the receiver operator curve; C/=confidence interval
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Table 5 Observer-specific

: . Parameter / Observer pT3a >pT3b >pT3
diagnostic accuracy of PSMA
PET/CT based tumour stage sensitivity (%, [95% CI])
(miT-stage) for pathological observer 1 46 [31 - 62] 67 [47-83] 71 [60-82]
tumour stage (pT-stage) in
579 patients with a PSMA- observer 2 80 [68 — 89] 31[18-48] 84 [76-91]
positive prostate undergoing observer 3 53 [41 - 65] 16 [7-28] 59 [49-68]
pre-operative PSMA PET/CT observer 4 51[38 - 63] 21 [9-36] 59 [49-68]
ime.lging anq concurrent robot specificity (%, [95% CIJ)
assisted radical prostatectomy
(RARP) as reference standard observer 1 83 [73-90] 89 [82-95] 78 [65-89]
observer 2 38 [28-48] 99 [96-100] 34 [22-48]
observer 3 56 [47-64] 100 [nc] 60 [48-71]
observer 4 65 [55-74] 98 [95-100] 71 [58-82]
PPV (%, [95% CI])
observer 1 60 [42-76] 64 [45-81] 82 [70-90]
observer 2 47 [37-57] 92 [68-100] 71 [62-78]
observer 3 39 [29-49] 100 [nc] 69 [59-77]
observer 4 49 [37-62] 78 [46-96] 77 [66-86]
NPV (%, [95% CI])
observer 1 73 [63-82] 91 [83-96] 67 [54-78]
observer 2 73 [59-84] 82 [75-88] 53 [36-70]
observer 3 69 [59-78] 78 [71-84] 49 [39-60]
observer 4 66 [56-76] 80 [73-87] 51 [40-62]
AUC [95% CT]
observer 1 0.65 [0.53-0.76] 0.78 [0.66-0.90] 0.75 [0.65-0.84]
observer 2 0.59 [0.49-0.68] 0.65 [0.54-0.77] 0.59 [0.49-0.69]
observer 3 0.54 [0.46-0.63] 0.58 [0.48-0.68] 0.59 [0.51-0.68]
observer 4 0.58 [0.48-0.67] 0.59 [0.48-0.71] 0.65 [0.56-0.74]

p=pathology; T=tumour-stage; PPV=positive predictive value; NPV=negative predictive value;
AUC =area under the receiver operator curve; CI=confidence interval; nc =non-computable

Discussion

The presence or absence of locally advanced disease
(= T3-disease) in patients with newly diagnosed PCa is of
importance for risk stratification, therapeutic decision mak-
ing, and for the prediction of oncological outcome. Besides
conventional clinical variables such as the determination
of PSA levels, clinical tumour stage based on digital rectal
examination and prostatic transrectal ultrasound, prostate
MRI has been established as a pivotal and most accurate
diagnostic instrument to determine local tumour stage [7].
Although MRI has uniformly shown excellent specificity for
locally advanced disease, the sensitivity of MRI to predict
locally advanced tumour stage (> T3-disease) was reported
to be limited and heterogeneous among studies [4]. There-
fore, there is still an unmet need to improve the prediction of
final pathological tumour stage in patients newly diagnosed
with PCa. Recently, PSMA PET/CT received increasing
attention regarding its value in detecting the dominant cancer
lesion in patients with newly diagnosed PCa and for its diag-
nostic performance in predicting local disease extent [20].
In the present multicentre study, reporting on 600 patients
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undergoing RARP for locally confined PCa and who were
preoperatively staged by PSMA PET/CT imaging, the diag-
nostic performance of PSMA PET/CT for local tumour stage
in the radical prostatectomy specimen was studied as the ref-
erence standard. The sensitivity, specificity, and diagnostic
accuracy (AUC) of PSMA PET/CT were 58%, 59% and 0.59
for pT3a-stage, 30%, 97% and 0.64 for > pT3b-stage, and
68%, 61% and 0.64 for overall > pT3-stage disease.

PSMA PET/CT is increasingly used as a metastatic
screening tool in patients with a primary diagnosis of PCa
[7] and may indeed be of value for the assessment of the
local extent of the primary prostate tumour as well. Woo
et al. included in a systematic review and meta-analysis a
total of twelve studies: ten prospective single centre stud-
ies, one prospective single centre study and one dual cen-
tre study on the PET assessment of local staging [8]. The
reported pooled sensitivity and specificity of PSMA PET,
using exclusively ®Ga-based PSMA PET tracers, were
72% (95% CI 0.56-0.84) and 87% (95% CI 0.72-0.94)
for pT3a-stage disease, and 69% (95% CI 053-0.81) and
94% (95% CI 0.90-0.96) for pT3b-stage disease, respec-
tively. The number of patients in these studies ranged
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Table 6 Tracer-specific
diagnostic accuracy of PSMA
PET/CT based tumour stage
(miT-stage) for pathological
tumour stage (pT-stage) in
579 patients with a PSMA-
positive prostate undergoing
pre-operative PSMA PET/CT
imaging and concurrent robot
assisted radical prostatectomy
(RARP) as reference standard

1749
Parameter / Tracer pT3a >pT3b >pT3
sensitivity (%, [95% CI])
[**Ga]Ga-PSMA-11 67 [57-76] 32 [22-43] 71 [64-77]
['*FIDCFPyL 49 [38-60] 30 [17-46] 62 [53-70]
['*FIPSMA-1007 67 [52-81] 26 [10-48] 71 [58-83]
['F]-TK-PSMA-7 50 [26-75] 22 [4-54] 68 [48-85]
specificity (%, [95% CI])
[Ga]Ga-PSMA-11 59 [51-66] 99 [97-100] 59 [49-68]
['*FIDCFPyL 59 [50-67] 97 [93-99] 61 [50-71]
['*FIPSMA-1007 60 [44-74] 94 [86-99] 65 [45-82]
['®F]-JK-PSMA-7 62 [41-80] 92 [78-99] 69 [42-89]
PPV (%, [95% CI])
[**Ga]Ga-PSMA-11 47 [39-55] 92 [77-99] 73 [66-80]
["*FIDCFPyL 47 [34-54] 69 [45-88] 70 [60-77]
["|FIPSMA-1007 51 [35-67] 63 [29-89] 81 [68-91]
['®F]-JK-PSMA-7 47 [24-71] 50 [11-89] 79 [58-93]
NPV (%, [95% CI])
[®Ga]Ga-PSMA-11 77 [69-83] 80 [75-85] 55 [46-64]
['*FIDCFPyL 63 [54-72] 86 [80-90] 53 [43-63]
['SFIPSMA-1007 60 [42-76] 78 [67-87] 52 [34-69]
['*F]-JK-PSMA-7 65 [43-83] 77 [61-90] 56 [32-78]

AUC [95% CI]
[*8Ga]Ga-PSMA-11
['*FIDCFPyL

0.63 [0.56-0.70]
0.54 [0.45-0.62]

0.65 [0.57-0.73]
0.63 [0.52-0.74]

0.65 [0.58-0.71]
0.61 [0.53-0.69]

["*F]PSMA-1007
['®F]-JK-PSMA-7

0.56 [0.36-0.76]

0.46-0.73] 0.60 [0.44-0.76]

0.57 [0.34-0.80]

0.68 [0.55-0.82]

[
[
[
[ 0.69 [0.50-0.87]

p=pathology; T=tumour-stage; PPV=positive predictive value; NPV=negative predictive value;
AUC =area under the receiver operator curve; CI=confidence interval; nc =non-computable

from 21 to 140 and therefore was relatively small. The
authors further showed that PSMA PET/MRI might have
an improved diagnosed performance for local tumour stage
compared to PSMA PET/CT imaging, although the num-
ber of studies using PSMA PET/MRI was only low. It is
reasonable that combining different imaging modalities
improves the diagnostic performance over a single imaging
modality. This meta-analysis does not, however, address
which imaging modality contributed preferentially to the
observed improved diagnostic performance for predict-
ing local tumour stage as compared to either of the two
single imaging modalities alone. A further setback of the
included studies in the meta-analysis is that often PSMA
PET/CT scans were assessed by a single observer only and
observer agreement scores were not provided, as opposed
to the present study. This is important as interpretation of
scans might differ substantially between observers. Finally,
the meta-analysis by Woo et al. [8] only addressed the
diagnostic performance of ®*Ga-labelled PSMA radioli-
gands and not that of '®Fluoride-labelled PSMA radio-
ligands. This is a limitation as a large proportion of the
presently performed PSMA PET scans are based on

18Fluoride-labelled radioligands, e.g., [18F]—JK—PSMA—7,
['8F]DCFPyl, and ["*F]PSMA-1007.

In our study, the diagnostic accuracy of PSMA PET/CT
for the prediction of locally advanced disease (> pT3 stage)
was lower than reported in smaller, initial studies and in the
meta-analysis by Woo et al. [8], but was comparable to that
in the recent, larger prospective study by Sonni et al. [21]. In
this study comparing PSMA PET, MRI and histopathology
for local tumour staging in 74 patients, the AUC for detec-
tion of extracapsular extension (ECE) was 0.59 and 0.63 for
seminal vesical invasion (SVI).

Differences in diagnostic performances between stud-
ies may be due to differences in study population, differ-
ences in study set-up, differences in PSMA-radioligands
and PET image acquisition, differences in the interpretation
and reporting of PSMA PET/CT-based disease parameters,
and in differences in the reporting of radical prostatectomy
specimens. Possibly a more controlled single centre, sin-
gle PSMA-radioligand, and single PET/CT system setting
may have led to higher accuracy rates for predicting locally
advanced disease as reported in initial PSMA PET/CT stud-
ies performed by Fendler et al. (accuracy 71% for ECE and
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86% for SVI) and von Klot et al. (sensitivity and specificity
90% and 90% for ECE, respectively 75% and 100% for SVI
[8, 17, 22]. It remains yet largely unknown which of the
above listed variables are responsible for the reported differ-
ences in diagnostic performance between studies.

In the present study, the observers used a consensus-
based standardized reporting system for molecular imaging
local tumour stage, which optimized agreement of interpre-
tation. However, relevant differences were found between
intra-observer and interobserver agreement rates. The intra-
observer agreement for PSMA PET/CT assessment of over-
all > T3 stage was substantial (k 0.69), whereas the interob-
server agreement for the assessment of overall > T3 stage
was moderate (k 0.45). Likewise, a substantial intra-observer
agreement on > T3b stage (k 0.75) was found, whereas the
interobserver agreement for the assessment of > T3b stage
was moderate (k 0.41). The substantial intra-observer agree-
ment scores suggest that further improvements in interob-
server agreement may be reached by stricter adherence to
image interpretation consensus criteria, which may add to
the reliability of PSMA PET/CT for local tumour staging.

In comparison, Sonni et al. using a 5-point Likert scale
found poor interobserver reliability rates for PSMA PET/
CT assessment of ECE (intraclass correlation coefficient
(ICC) 0.203) and SVI (ICC 0.081) [21]. In this study the
T-staging was assessed visually in a binary manner, leaving
no room for equivocal results which may have contributed
to the lower interobserver agreement rates compared to our
results. Muehlematter et al. reported a fair interobserver reli-
ability for ECE (0.40; 95% CI 0.33-0.47) and SVI assess-
ment (0.33 (95% C1 0.17-0.25) for PSMA PET/MRI, which
did not differ significantly from MRI as single modality [23].

In theory, local prostate cancer staging may be ham-
pered by the vicinity of intense urinary tracer activity in
the bladder. Therefore, there may be an advantage in local
prostate cancer staging for PSMA PET tracers that exhibit
lower urinary excretion such as ['*FJPSMA-1007, com-
pared to the primarily urinary excreted tracers ['*F]DCF-
PyL, ['®F]-JK-PSMA-7 and [®3Ga]Ga-PSMA-11. We found
a lower sensitivity and diagnostic accuracy of ['*F]DCFPyL
versus [%®Ga]Ga-PSMA-11 specifically for detecting pT3a
disease. This possibly may be attributed to higher urinary
tracer activity in [ISF]DCFPyL compared to [*8Ga)Ga-
PSMA-11 [24], but other factors may play a role as well.
Moreover, the difference was not statistically significant, so
no definitive conclusions can be drawn from these data.

Earlier studies point to an advantage of lower urinary
activity levels in local staging performance mainly in the
biochemical recurrence setting (especially after prostatec-
tomy), and not so much in the primary setting with the pros-
tate still in situ [25-29]. In our experience, T-stage assess-
ment in the primary setting is not hampered by urinary
activity in most cases. Still, the occasional smaller tumour
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at the basal part of the prostate or tumours with bladder inva-
sion may be better staged with lower urinary activity levels.
Therefore, strategies to reduce urinary activity (including
tracer selection and forced diuresis) in PSMA PET [24-31]
may be beneficial in miT-stage assessment as well.

Strengths of the current study are the number of included
patients and the comparison with histopathology as refer-
ence standard. Furthermore, patients were includedin a high-
volume, dedicated multicentre prostate cancer network with
a prospectively maintained database and analysed by nuclear
medicine physicians with ample experience in PSMA PET
reading according to E-PSMA guidelines [14]. The mix of
different tracers, protocols and PET/CT systems reflects
variations among clinical practices and increases generaliz-
ability of our results. Next to the strength of this analysis, it
is also one of the limitations of our study. As we have used
real-world data with different PSMA tracers, PET/CT sys-
tems and protocols this may have influenced the outcomes.
However, PET/CT systems, protocols and image reconstruc-
tions adhered to EARL standards and EANM guidelines
[10-12, 16], keeping data heterogeneity within boundaries.
Other limitations include the retrospective character of this
study, the observation that only a subset of 100 PSMA PET-
scans were re-assessed and dually assessed which may have
led to larger confidence intervals in the reported observer
agreement rates, and the fact that a small proportion (3.5%)
of patients were excluded because of a PSMA negative pri-
mary tumour, as it is yet unknown whether this apparent
absence of PSMA expression is related to imaging techni-
cal factors or whether it is due to tumour-associated factors.
Differences in the case-mix offered to the nuclear medicine
physicians may have influenced the interobserver agreement
rates.

Addition of PSMA PET/CT based local tumour staging
might contribute to the existing nomograms for the predic-
tion of locally advanced disease in the radical prostatectomy
specimen (i.e., pT-stage disease). Further research may be
aimed at improving qualitative interpretation criteria as well
as possible addition of quantitative parameters which may
improve diagnostic accuracy and interobserver agreement
rates.

Conclusion

In a large, multicentre study evaluating 600 patients with
newly diagnosed with intermediate and high-risk prostate
cancer, we showed that PSMA PET/CT may have a valu-
able role in local tumour staging when pathological tumour
stage in the radical prostatectomy specimen was used as the
reference standard. The interobserver and intra-observer
variability of tumour extent on PSMA PET/CT was moder-
ate to substantial.



European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:1741-1752

1751

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00259-024-06594-0.

Author contributions Conception and design: MD, RE, DM, DO, AV.

Material preparation: MD, RE, DM, MW, ZC, EB, DO.

Data collection: MD, RE, DM, MW, ZC, DO.

Analysis: MD, RE, DM, AV.

Manuscript drafting: MD, RE, DM, AV.

Manuscript appraisal and revision: MD, RE, DM, MW, ZC, EB,
PL, RB, HP, DO, AV.

Final manuscript approval: all authors.

Funding The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Data availability The datasets generated and analysed during the cur-
rent study are not publicly available as these contain individual person’s
data but are available from the corresponding author on reasonable
request, after pseudonymization of the data and legal agreement.

Declarations

Ethical approval This retrospective cohort study was conducted in
the Prostate Cancer Network the Netherlands, i.e., the Amsterdam
UMC, location VUmc and the Netherlands Cancer Institute — Antoni
van Leeuwenhoek (NCI-AVL), a tertiary oncological referral hos-
pital. Approval of the institutional review board of both hospitals
was obtained for this study, meanwhile waiving the need to receive
informed consent (VUmc2019.586 and IRBd20-041).

All methods were carried out in accordance with the ethical standards
as laid down in the 1964 Declaration of Helsinki and its later amend-
ments.

Consent to participate Not applicable.
Consent for publication Not applicable.

Competing interests The authors have no relevant financial or non-
financial interests to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics,
2023. CA Cancer J Clin. 2023;73:17-48. https://doi.org/10.3322/
caac.21763.

2. Brierly J. TNM classification of malignant tumours, 8th edition:
Wiley-Blackwell; 2017.

10.

11.

12.

13.

14.

15.

Soeterik TFW, van Melick HHE, Dijksman LM, Biesma DH,
Witjes JA, van Basten JA. Multiparametric magnetic resonance
imaging should be preferred over digital rectal examination for
prostate cancer local staging and disease risk classification. Urol-
ogy. 2021;147:205-12. https://doi.org/10.1016/j.urology.2020.08.
089.

de Rooij M, Hamoen EH, Witjes JA, Barentsz JO, Rovers MM.
Accuracy of magnetic resonance imaging for local staging of pros-
tate cancer: a diagnostic meta-analysis. Eur Urol. 2016;70:233—
45. https://doi.org/10.1016/j.eururo.2015.07.029.

Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I,
Thomas P, et al. Prostate-specific membrane antigen PET-CT
in patients with high-risk prostate cancer before curative-intent
surgery or radiotherapy (proPSMA): a prospective, randomised,
multicentre study. The Lancet. 2020;395:1208-16. https://doi.
org/10.1016/s0140-6736(20)30314-7.

Fendler WP, Calais J, Eiber M, Flavell RR, Mishoe A, Feng FY,
et al. Assessment of 68Ga-PSMA-11 PET accuracy in localizing
recurrent prostate cancer: a prospective single-arm clinical trial.
JAMA Oncol. 2019;5:856—-63. https://doi.org/10.1001/jamao
ncol.2019.0096.

Mottet N, Cornford P, van den Berg RCN, Briers E, Eberli D,
De Meerleer G, et al. EAU - EANM - ESTRO - ESUR - ISUP -
SIOG Guidelines on Prostate Cancer: EAU Guidelines Office;
2023.

Woo S, Ghafoor S, Becker AS, Han S, Wibmer AG, Hricak H,
et al. Prostate-specific membrane antigen positron emission
tomography (PSMA-PET) for local staging of prostate cancer:
a systematic review and meta-analysis. Eur J Hybrid Imaging.
2020;4:16. https://doi.org/10.1186/s41824-020-00085-9.
D’Amico AV, Whittington R, Malkowicz SB, Fondurulia J, Chen
MH, Kaplan I, et al. Pretreatment nomogram for prostate-specific
antigen recurrence after radical prostatectomy or external-beam
radiation therapy for clinically localized prostate cancer. J Clin
Oncol. 1999;17:168-72. https://doi.org/10.1200/JC0O.1999.17.1.
168.

Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch
K, Eschner W, et al. FDG PET/CT: EANM procedure guidelines
for tumour imaging: version 2.0. Eur J Nucl Med Mol Imaging.
2015;42:328-54. https://doi.org/10.1007/s00259-014-2961-x.
Huizing DMV, Koopman D, van Dalen JA, Gotthardt M, Boe-
llaard R, Sera T, et al. Multicentre quantitative (68)Ga PET/CT
performance harmonisation. EINMMI Phys. 2019;6:19. https://
doi.org/10.1186/340658-019-0253-z.

Fendler WP, Eiber M, Beheshti M, Bomanji J, Ceci F, Cho S,
et al. Ga-PSMA PET/CT: Joint EANM and SNMMI procedure
guideline for prostate cancer imaging: version 1.0. Eur J Nucl
Med Mol Imaging. 2017;44:1014-24. https://doi.org/10.1007/
500259-017-3670-z.

Fendler WP, Eiber M, Beheshti M, Bomanji J, Calais J, Ceci F,
et al. PSMA PET/CT: joint EANM procedure guideline/SNMMI
procedure standard for prostate cancer imaging 2.0. Eur J Nucl
Med Mol Imaging. 2023;50:1466-86. https://doi.org/10.1007/
500259-022-06089-w.

Ceci F, Oprea-Lager DE, Emmett L, Adam JA, Bomanji J,
Czernin J, et al. E-PSMA: the EANM standardized reporting
guidelines v1.0 for PSMA-PET. Eur J Nucl Med Mol Imaging.
2021;48:1626-38. https://doi.org/10.1007/s00259-021-05245-y.
Eiber M, Herrmann K, Calais J, Hadaschik B, Giesel FL, Harten-
bach M, et al. Prostate cancer molecular imaging standard-
ized evaluation (PROMISE): Proposed miTNM classification
for the interpretation of PSMA-Ligand PET/CT. J Nucl Med.
2018;59:469-78. https://doi.org/10.2967/jnumed.117.198119.

. Seifert R, Emmett L, Rowe SP, Herrmann K, Hadaschik B, Calais

J, et al. Second version of the prostate cancer molecular imaging
standardized evaluation framework including response evaluation

@ Springer


https://doi.org/10.1007/s00259-024-06594-0
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://doi.org/10.1016/j.urology.2020.08.089
https://doi.org/10.1016/j.urology.2020.08.089
https://doi.org/10.1016/j.eururo.2015.07.029
https://doi.org/10.1016/s0140-6736(20)30314-7
https://doi.org/10.1016/s0140-6736(20)30314-7
https://doi.org/10.1001/jamaoncol.2019.0096
https://doi.org/10.1001/jamaoncol.2019.0096
https://doi.org/10.1186/s41824-020-00085-9
https://doi.org/10.1200/JCO.1999.17.1.168
https://doi.org/10.1200/JCO.1999.17.1.168
https://doi.org/10.1007/s00259-014-2961-x
https://doi.org/10.1186/s40658-019-0253-z
https://doi.org/10.1186/s40658-019-0253-z
https://doi.org/10.1007/s00259-017-3670-z
https://doi.org/10.1007/s00259-017-3670-z
https://doi.org/10.1007/s00259-022-06089-w
https://doi.org/10.1007/s00259-022-06089-w
https://doi.org/10.1007/s00259-021-05245-y
https://doi.org/10.2967/jnumed.117.198119

1752

European Journal of Nuclear Medicine and Molecular Imaging (2024) 51:1741-1752

18.

19.

20.

21.

22.

23.

24.

for clinical trials (PROMISE V2). Eur Urol. 2023;83:405-12.
https://doi.org/10.1016/j.eururo.2023.02.002.

. von Klot CJ, Merseburger AS, Boker A, Schmuck S, Ross TL,

Bengel FM, et al. (68)Ga-PSMA PET/CT imaging predicting
intraprostatic tumor extent, extracapsular extension and seminal
vesicle invasion prior to radical prostatectomy in patients with
prostate cancer. Nucl Med Mol Imaging. 2017;51:314-22. https://
doi.org/10.1007/s13139-017-0476-7.

Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Hum-
phrey PA, et al. The 2014 International Society of Urological
Pathology (ISUP) consensus conference on gleason grading of
prostatic carcinoma: definition of grading patterns and proposal
for a new grading system. Am J Surg Pathol. 2016;40:244-52.
https://doi.org/10.1097/PAS.0000000000000530.

Landis JR, Koch GG. The measurement of observer agreement
for categorical data. Biometrics. 1977;33:159-74.

Bodar YJL, Jansen BHE, van der Voorn JP, Zwezerijnen GJC,
Meijer D, Nieuwenhuijzen JA, et al. Detection of prostate cancer
with (18)F-DCFPyL PET/CT compared to final histopathology of
radical prostatectomy specimens: is PSMA-targeted biopsy fea-
sible? The DeTeCT trial World J Urol. 2021;39:2439-46. https://
doi.org/10.1007/s00345-020-03490-8.

Sonni I, Felker ER, Lenis AT, Sisk AE, Bahri S, Allen-Auerbach
M, et al. Head-to-Head Comparison of (68)Ga-PSMA-11 PET/CT
and mpMRI with a Histopathology Gold Standard in the Detec-
tion, Intraprostatic Localization, and Determination of Local
Extension of Primary Prostate Cancer: Results from a Prospec-
tive Single-Center Imaging Trial. J Nucl Med. 2022;63:847-54.
https://doi.org/10.2967/jnumed.121.262398.

Fendler WP, Schmidt DF, Wenter V, Thierfelder KM, Zach C,
Stief C, et al. 68Ga-PSMA PET/CT Detects the location and
extent of primary prostate cancer. ] Nucl Med. 2016;57:1720-5.
https://doi.org/10.2967/jnumed.116.172627.

Muehlematter UJ, Burger IA, Becker AS, Schawkat K, Hotker AM,
Reiner CS, et al. Diagnostic accuracy of multiparametric MRI ver-
sus (68)Ga-PSMA-11 PET/MRI for extracapsular extension and
seminal vesicle invasion in patients with prostate cancer. Radiol-
ogy. 2019;293:350-8. https://doi.org/10.1148/radiol.2019190687.
Donswijk ML, Wondergem M, de Wit-van der Veen L, Bruin NM,
van Leeuwen PJ, van der Poel HG, et al. Effects of furosemide
and tracer selection on urinary activity and peri-bladder artefacts
in PSMA PET/CT: a single-centre retrospective study. EINMMI
Res. 2022;12:42. https://doi.org/10.1186/s13550-022-00913-y.

@ Springer

25.

26.

217.

28.

29.

30.

31.

Alberts I, Huenermund JN, Sachpekidis C, Zacho HD, Mingels C,
Dijkstra L, et al. Combination of forced diuresis with additional
late imaging in (68)Ga-PSMA-11 PET/CT - effects on lesion vis-
ibility and radiotracer uptake. J Nucl Med. 2021. https://doi.org/
10.2967/jnumed.120.257741.

Fennessy N, Lee J, Shin J, Ho B, Ali SA, Paschkewitz R, et al.
Frusemide aids diagnostic interpretation of (68) Ga-PSMA posi-
tron emission tomography/CT in men with prostate cancer. ] Med
Imaging Radiat Oncol. 2017;61:739-44. https://doi.org/10.1111/
1754-9485.12625.

Derlin T, Weiberg D, von Klot C, Wester HJ, Henkenberens C,
Ross TL, et al. (68)Ga-PSMA I&T PET/CT for assessment of
prostate cancer: evaluation of image quality after forced diuresis
and delayed imaging. Eur Radiol. 2016;26:4345-53. https://doi.
org/10.1007/300330-016-4308-4.

Uprimny C, Bayerschmidt S, Kroiss AS, Fritz J, Nilica B, Svir-
ydenka H, et al. Early injection of furosemide increases detection
rate of local recurrence in prostate cancer patients with biochem-
ical recurrence referred for (68)Ga-PSMA-11 PET/CT. J Nucl
Med. 2021. https://doi.org/10.2967/jnumed.120.261866.

Haupt F, Dijkstra L, Alberts I, Sachpekidis C, Fech V, Boxler S,
et al. Ga-PSMA-11 PET/CT in patients with recurrent prostate
cancer-a modified protocol compared with the common protocol.
Eur J Nucl Med Mol Imaging. 2020;47:624-31. https://doi.org/
10.1007/s00259-019-04548-5.

Wondergem M, van der Zant FM, Rafimanesh-Sadr L, Knol RJJ.
Effect of forced diuresis during 18F-DCFPyL PET/CT in patients with
prostate cancer: activity in ureters, kidneys and bladder and occurrence
of halo artefacts around kidneys and bladder. Nucl Med Commun.
2019;40:652-6. https://doi.org/10.1097/MNM.0000000000001007.

Uprimny C, Bayerschmidt S, Kroiss AS, Fritz J, Nilica B, Svir-
ydenka A, et al. Impact of forced diuresis with furosemide and
hydration on the halo artefact and intensity of tracer accumulation
in the urinary bladder and kidneys on [(68)Ga]Ga-PSMA-11-PET/
CT in the evaluation of prostate cancer patients. Eur J Nucl Med
Mol Imaging. 2020. https://doi.org/10.1007/3500259-020-04846-3.

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


https://doi.org/10.1016/j.eururo.2023.02.002
https://doi.org/10.1007/s13139-017-0476-7
https://doi.org/10.1007/s13139-017-0476-7
https://doi.org/10.1097/PAS.0000000000000530
https://doi.org/10.1007/s00345-020-03490-8
https://doi.org/10.1007/s00345-020-03490-8
https://doi.org/10.2967/jnumed.121.262398
https://doi.org/10.2967/jnumed.116.172627
https://doi.org/10.1148/radiol.2019190687
https://doi.org/10.1186/s13550-022-00913-y
https://doi.org/10.2967/jnumed.120.257741
https://doi.org/10.2967/jnumed.120.257741
https://doi.org/10.1111/1754-9485.12625
https://doi.org/10.1111/1754-9485.12625
https://doi.org/10.1007/s00330-016-4308-4
https://doi.org/10.1007/s00330-016-4308-4
https://doi.org/10.2967/jnumed.120.261866
https://doi.org/10.1007/s00259-019-04548-5
https://doi.org/10.1007/s00259-019-04548-5
https://doi.org/10.1097/MNM.0000000000001007
https://doi.org/10.1007/s00259-020-04846-3

	The accuracy and intra- and interobserver variability of PSMA PETCT for the local staging of primary prostate cancer
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Patients
	Pre-operative PSMA PET imaging
	Image analysis and molecular image tumour-stage assessment
	Analysis of intra- and interobserver variability of molecular image tumour-stage assessment
	Histopathological assessment of pathological T-stage after RARP
	Statistical analysis

	Results
	Patient characteristics
	PSMA PETCT staging characteristics
	Diagnostic accuracy of PSMA PET for pathological T-staging
	Observer variability of molecular imaging PSMA PET T-staging

	Discussion
	Conclusion
	References


