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Abstract
Purpose: Accurate prostate cancer imaging is critical for patient management. Multiple studies have
demonstrated superior diagnostic accuracy of [68Ga]-PSMA-11 PET/CT over conventional imaging for
disease detection, with validated clinical and biochemical predictors of disease detection. More recently
[18F]PSMA-1007 offers theoretical imaging advantages, but there is limited evidence of clinical and
biochemical predictors of scan �ndings in the staging population. This study investigates the correlation
of clinical variables with imaging characteristics among patients who underwent [18F]PSMA-1007
PET/CT for primary staging of men with histopathologically con�rmed prostate carcinoma.

Methods: A retrospective review of 194 consecutive patients imaged between May 2019 to May 2020
was performed. Imaging performance (presence and distribution of metastatic disease, primary tumour
avidity) was assessed considering clinical variables (EAU risk criteria) with logistic regression and ROC
curve analysis.

Results: ISUP grade was associated with the presence of metastasis overall (p=0.008) as well as regional
nodal (p = 0.003), non-regional nodal (p = 0.041) and bone (p = 0.006) metastases. PSA level was
associated with metastatic disease overall (p=0.001), regional (p = 0.001) and non-regional nodal
metastases (p = 0.004), but not with bone metastases (p = 0.087). There were too few visceral
metastases for meaningful analysis. SUVmax of the primary prostatic tumour was associated with ISUP
grade (p = 0.004), PSA level (p < 0.001) and AJCC stage (p = 0.034). PSA > 20 ng/mL and ISUP grade > 3
had a speci�city of 85% (95% CI 78-91%) and 60% (95% CI 50-68%), and a sensitivity of 36% (95% CI 25-
49%) and 62% (95% CI 49-74%) respectively, for detection of metastatic disease.

Conclusion: Metastatic disease according to [18F]PSMA-1007 PET/CT was associated with ISUP grade
and PSA level. This is the largest study using [18F]PSMA-1007 PET/CT to con�rm a positive correlation of
PSA level, ISUP grade and stage with primary prostate tumour SUVmax. 

Introduction
Prostate cancer is the second most commonly diagnosed malignancy worldwide among males after lung
cancer, leading to a signi�cant burden on health systems globally [1, 2]. Hence, accurate staging of newly
diagnosed cases is crucial for patient management. However, traditional staging techniques such as
computed tomography (CT) and bone scintigraphy imaging have relatively low sensitivity for early and
small volume disease detection [3].

Prostate speci�c radiotracers that bind to prostate-speci�c membrane antigen (PSMA), a type II
transmembrane glycoprotein strongly overexpressed in prostate cancer cells, have revolutionised prostate
cancer imaging and diagnosis. PSMA PET/CT is a sensitive imaging technique with superior diagnostic
accuracy over conventional imaging (CT and bone scan) for staging prostate cancer [4, 5]. PSMA can be
coupled with either Gallium-68 (68Ga) and Fluorine-18 (18F) for diagnostic imaging.
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[68Ga]Ga-PSMA-11 is currently the most widely used radiotracer for prostate cancer imaging [6]. However,
68Ga-labelled compounds have both cost and logistical limitations for scanning a large volume of
patients, leading to the development of 18F-labelled PSMA radiotracers [7]. Advantages of 18F-labelled
radiotracers include; 1) longer half-life (110 min vs 68 min for 68Ga) and cyclotron production facilitating
centralised production and distribution leading to reduced costs, and 2) lower positron energy of 18F
compared to 68Ga resulting in better intrinsic spatial resolution. Minimal urinary radiotracer excretion is
an additional advantage speci�c to [18F]PSMA-1007 over [68Ga]Ga-PSMA-11. Early studies have shown
[18F]PSMA-1007 PET/CT to have excellent disease detection e�ciency comparable and potentially
superior to [68Ga]Ga-PSMA-11 [8, 9].

In clinical practice, risk strati�cation tools such as D'Amico Risk Classi�cation for Prostate Cancer and
Memorial Sloan Kettering Cancer Center (MSKCC) Pre-Radical Prostatectomy nomogram use Prostate-
speci�c antigen (PSA) level, Gleason score and clinical stage to stratify patients as low, intermediate and
high-risk for prognostication and management [10]. European Association of Urology (EAU) has adopted
the risk strati�cation used by D'Amico [11, 12]. Several studies have demonstrated the correlation
between prognostic risk factors such as PSA level and Gleason score with metastatic disease extent [13–
18] and SUVmax [19, 20] of the primary tumour using Ga68-PSMA PET/CT. However, this correlation has
not been con�rmed with �ndings on [18F]PSMA-1007 PET/CT.

This study aims to investigate the correlation of PSA level and International Society of Urological
Pathology (ISUP) grade with the presence and distribution of metastatic disease and SUVmax of the
primary prostate tumour using [18F]PSMA-1007 PET/CT in staging of patients with histopathologically
con�rmed prostate carcinoma. Our study also aims to evaluate the EAU high-risk criteria (PSA level > 20
ng/mL or ISUP grade > 3) in the detection of metastatic disease using [18F]PSMA-1007 tracer in our
population.

Methods
 Study Design and Technique

A retrospective audit of 194 consecutive patients who underwent [18F]PSMA-1007 PET/CT scan for initial
staging of biopsy proven prostate carcinoma at Royal Brisbane and Women's Hospital (RBWH), a tertiary
referral centre, over 12 months between May 2019 to May 2020 was performed. Analysis of the �rst
[18F]PSMA-1007 PET/CT was performed if multiple scans were undertaken during the study period.
Referral criteria for scanning included PSA >20 ng/mL or ISUP grade ≥ 3 or clinical stage ≥ T2c.
Additionally, at least one PSA value within 12 months preceding the [18F]PSMA-1007 PET/CT scan was
required for inclusion in the study (Figure 1). However, 31 patients did not meet the referral criteria (i.e.,
ISUP ≤ 2 or PSA < 20 or clinical stage < T2c) but were scanned for other reasons (e.g. high-risk
radiological features, perineural invasion on biopsy etc). 



Page 4/20

Demographic, clinical, biochemical and radiological variables were collected using the electronic medical
record systems. 

A low-risk ethics exemption was obtained for this study from the Royal Brisbane and Women's Hospital
Human Research Ethics Committee (HREC) with a waiver of written consent for this retrospective study. 

[18F]PSMA-1007 Radiosynthesis and Quality Control

On-site synthesis of [18F]PSMA-1007 was performed using a kit-based approach on GE FASTlab or MX
Tracerlab platforms, followed by comprehensive quality control testing to pharmacopoeia standards for
other F-18 radiopharmaceuticals (i.e. radionuclide, radiochemical and chemical purity, endotoxin and
sterility, pH). The [18F]PSMA-1007 radiochemical purity was >95% as measured using high-performance
liquid chromatography (HPLC). 

Imaging protocol

All [18F]PSMA-1007 PET/CT scans were performed at the RBWH Nuclear Medicine and Specialised PET
Service department on one of three Siemens Healthineers PET/CT (Biograph Vision, Biograph mCT or
Biograph mCT Flow) scanners. [18F]PSMA-1007 was administered intravenously (mean activity 250 MBq,
range 133-284 MBq), with patients being scanned after a median imaging delay of 127 minutes (IQR 120-
140 minutes). A low-dose non-contrast CT was also performed from the vertex to mid-thighs for
attenuation correction and anatomical localisation. PET acquisition was performed in three-dimensional
mode (acquisition time of 4-minutes per bed position over the pelvis and 2.5 minutes bed position over
rest of the imaged body) with emission data corrected for attenuation, scatter, randoms and dead time.
The corrected emission data was iteratively reconstructed using ordered-subsets expectation
maximisation (3 iterations, 21 subsets) with time of �ight and point-spread function resolution recovery,
followed by a post-reconstruction Gaussian �lter. 

Imaging analysis

All the [18F]PSMA-1007 PET/CT scans were dual-reported by two experienced nuclear medicine
specialists. The images were reviewed for reporting in Syngio.via (VB50, Siemens Software) which allows
CT, PET and fused images to be viewed in multiple planes. Focal [18F]PSMA-1007 avidity above
background with typical appearance and distribution not correlating to physiologic uptake (such as
cervical, celiac or sacral ganglia) or non-speci�c bone uptake (obvious indolent bone lesions,
degenerative change or fractures) were de�ned as metastatic disease. Any disagreement was resolved by
consensus with a third nuclear medicine specialist. Equivocal lesions (predominantly bone uptake) were
not considered malignant. 

Statistical analysis
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Patient characteristics were summarised using count and percentage for categorical measures and mean
and standard deviation (SD) or median and interquartile range (IQR) for continuous measurements.
Logistic regression was performed to examine the association between pre-selected patient clinical
characteristics including patient age, PSA level, ISUP grade and ADT exposure and scan outcomes
including presence or absence of metastatic disease. For multivariable modelling, the variables with p <
0.20 in univariable analyses were included. The ISUP grades were grouped during analysis according to
the EAU risk groups that use PSA level, ISUP grade/Gleason score (GS) and clinical stage to stratify
patients. Low-risk is de�ned as PSA < 10 ng/mL and ISUP grade 1/GS < 7 and cT1-2a, intermediate-risk
as PSA 10-20 ng/mL or ISUP grades 2 and 3/GS 7 or cT2b and high-risk as PSA >20 ng/mL or ISUP
grades 4 and 5/GS >7 or cT2c or higher. 

SUVmax of the primary prostatic tumour and the proportion of metastases were compared with PSA
levels and ISUP grades using Kruskal-Wallis or Mann-Whitney U test. Chi-squared test or Fisher’s exact
test was performed when more than 20% of the expected counts were less than 5. SUVmax of the
prostate tumour was also compared with American Joint Committee on Cancer (AJCC) stage (8th edition,
2017) using Kruskal-Wallis test. As the clinical stage data was unavailable, patients were grouped into
stage IIIb or below, IIIc, IVa and IVb. 

The diagnostic performance of PSA level was examined using a cut-off at 20 ng/ml (level used by EAU
criteria to identify high-risk patients). Median PSA doubling time (Dt) was obtained, including patients
who had decreasing PSA (negative PSA doubling time) by using the slope on logged PSA (i.e. log(2)/Dt)
[21]. The level of statistical signi�cance was set at 0.05. Statistical analysis was performed using STATA
15 (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC).

Results
Patient characteristics

A total of 194 patients were included in the �nal analysis (Table 1). The median age at the time of
PET/CT was 70 years (IQR 63-75). The median PSA level prior to the PET/CT was 10 ng/mL (IQR 6.5 –
18). Using the EAU risk strati�cation system, 71 (36.6%) patients were classi�ed as intermediate-risk
(25.8% of patients with PSA 10-20 ng/mL or 48.2% of patients with ISUP grades 2 and 3) and 118
(60.8%) patients were classi�ed as high-risk (22.2% of patients with PSA > 20 ng/mL or 47.6% of patients
with ISUP grades 4 and 5). Further, 7.2% of patients had exposure to ADT prior to the PET/CT with a
median of 2 months (IQR 2-5) duration of ADT exposure. Table 2 demonstrates the distribution of PSA
levels within each ISUP grade in our imaged population. 

ISUP grade & PSA level and metastasis risk

Overall, metastatic disease (regional and distant) was detected in 34% (66/194) of the population. ISUP
grade data was unavailable for �ve patients resulting in 189 patients used for ISUP grade analysis.
Metastases were detected in 13% (1/8) with ISUP grade 1 (low-risk), 25% (23/91) with ISUP grades 2 and
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3 (intermediate-risk) and 43% (39/90) with ISUP grades 4 and 5 (high-risk). The ISUP grades 4 and 5 have
an increased likelihood of metastasis compared to ISUP grades 2 and 3 (OR 2.26; 95% CI 1.20-4.25) and
ISUP grade 1 (OR 5.35; 95% CI 0.63-45.3) (Table 3). 

Metastases were detected in 28.7% (29/101) with PSA  10 ng/mL, 26% (13/50) with PSA 10-20 ng/mL
and 55.8% (24/43) with PSA >20 ng/mL. Patients with PSA levels >20 ng/mL were more likely to have
metastasis, compared to those with PSA levels 10-20 ng/mL (OR 3.60; 95%CI 1.50-8.60) and PSA levels
≤10 ng/mL (OR 3.14; 95% CI 1.50-6.58; Table 3). Multivariable modelling including ISUP grade, PSA level
and ADT exposure demonstrated association of ISUP grade and PSA level with the presence of
metastatic disease (p=0.008 and p=0.001, respectively) such that patients with higher ISUP grade and
PSA level were more likely to have metastatic disease (Table 3). Although a higher proportion of
metastatic disease was detected in patients with previous or current use of ADT prior to the PET/CT scan
(50% vs. 33%; aOR 2.16, 95%CI 0.67-6.96), this was not statistically signi�cant. Figures 2 and 3 show
examples of [18F]PSMA-1007 PET/CT with localised prostate disease and extensive metastases,
respectively.

ISUP grade & PSA level and distribution of metastasis 

Overall, lymph node/nodal (regional and non-regional) metastases were detected in 22.2% (43/194), bone
metastases were detected in 20.6% (40/194) and visceral metastases were detected in 3.6% (7/194) of
patients. There were 12.5% (1/8) regional nodal metastases in ISUP grade 1, 11% (10/91) in ISUP grades
2 and 3 and 31% (28/90) in ISUP grades 4 and 5. ISUP grade 1 had no non-regional nodal, bone or
visceral metastasis. ISUP grades 2 and 3 had 4.4% (4/91) non-regional nodal, 12.1% (11/91) bone and
3.3% (3/91) visceral metastases whereas ISUP grades 4 and 5 had 14.4% (13/90) non-regional nodal,
28.9% (26/90) bone and 4.4% (4/90) visceral metastases. There was signi�cant positive association
between ISUP grade and the presence of regional nodal (p = 0.003), non-regional nodal (p = 0.041) and
bone (p = 0.006) metastases. There were too few visceral metastases for meaningful analysis (p = 0.780)
(Table 4). 

Similarly, there was an increase in the number of regional and non-regional nodal metastases with
increasing PSA levels. There were 14.9% (15/101) regional nodal metastases in PSA ≤ 10 ng/mL, 18%
(9/50) in PSA 10-20 ng/mL and 41.9% (18/43) in PSA > 20 ng/mL group. The non-regional nodal
metastases were 5% (5/101) in PSA ≤ 10 ng/mL, 6% (3/50) in PSA 10-20 ng/mL and 23.3% (10/43) in
PSA > 20 ng/mL group. The PSA level was positively correlated with the presence of regional (p = 0.001)
and non-regional nodal metastasis (p = 0.004), but not bone (p = 0.087) metastases. There were too few
visceral metastases for meaningful analysis (p = 0.51) (Table 5). Overall, the number of involved
metastatic regions increases with increasing PSA level and ISUP grade, as depicted in Table 4 and 5.

ISUP grade, PSA level and AJCC stage with SUVmax of primary prostate tumour

There were seven negative [18F]PSMA-1007 PET/CT scans in the staging group that were excluded from
the primary tumour SUVmax analysis. The median SUVmax of the primary prostate lesion was 17.2 (IQR
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9.5-26.7). The SUVmax of the primary prostate tumour was higher in the ISUP grades 4 and 5 compared
to ISUP grades 2 and 3 (median SUVmax 19.6 vs 14.9). Similarly, the primary tumour SUVmax was higher
in the PSA > 20 ng/mL group than PSA 10-20 ng/mL group (median SUVmax 21.5 vs 17.4). The primary
tumour SUVmax also increased with increasing AJCC stage with stage IIIB and below (median SUVmax
14.2), stage IIIC (median SUVmax 17.5), stage IVA (median SUVmax 19.8) and stage IVB (median
SUVmax 20). A statistically signi�cant association between ISUP grade (p=0.004), PSA level (p< 0.001)
and AJCC stage (p=0.034) with SUVmax of the primary prostatic tumour (Table 4 - 6) was observed.
Additionally, a higher primary tumour SUVmax was detected in the high-risk group compared to the
intermediate-risk group (median SUVmax 20.2 vs 11.9; p<0.001). 

Metastatic disease by EAU risk group

Overall, the high-risk group (PSA >20 ng/mL or ISUP 4 and 5) had signi�cantly higher proportion of
patients with nodal (regional and non-regional) (34.7% vs 1.4%; p<0.001) and bone (28% vs 8.5%;
p=0.001) metastases compared to the intermediate-risk group (PSA 10-20 ng/mL or ISUP 2 and 3).
Although the high-risk group had a higher proportion of patients with visceral metastases compared to
the intermediate-risk group (4.2% vs 2.8%), there were too few patients for meaningful analysis (p=0.71)
(Table 7). 

Evaluation of EAU criteria for detection of metastatic disease 

The EAU criteria for classifying high-risk prostate cancer patients includes PSA >20 ng/mL or ISUP grade
> 3. PSA > 20 ng/mL had a speci�city of 85% (95%CI 78-91%) and a sensitivity of 36% (95% CI 25-49%);
whereas ISUP grade > 3 has a sensitivity of 62% (95% CI 49-74%) and speci�city of 60% (95% CI 50-68%)
for detection of metastatic disease using [18F]PSMA-1007 PET/CT in our population. Our referral criteria
of ISUP grade ≥ 3 has a sensitivity of 94% (95% CI 85-98%) and speci�city of 36% (95% CI 27-45%) for
detection of metastatic disease.

Twenty-three patients had three PSA values within 12 months before the PET/CT for calculating PSA
doubling time and velocity. Out of these 23 patients, the group with metastases (n=7) had higher median
PSA velocity (12.5 vs 4.8 ng/mL/year; p = 0.32) and lower median PSA doubling time (7.3 vs 31 months;
p = 0.23) compared to the patients without metastasis (n = 16). 

PSMA scan referral criteria

Out of the 194 patients included in the study, 31 patients did not meet our referral criteria but underwent
[18F]PSMA-1007 PET/CT scan due to one of �ve reasons: investigation of high-risk radiological features
or indeterminate lesion demonstrated on either CT, bone scan or MRI (15 patients), pretreatment scan
after a period of active surveillance (5 patients), perineural invasion identi�ed on biopsy (2 patients), high
PSA level (PSA >20 ng/mL) before the commencement of ADT (2 patients) and other/unknown reasons
(7 patients). None of these scans were positive for metastatic disease. 



Page 8/20

Discussion
To our knowledge, this is the �rst study demonstrating a positive correlation between ISUP grade and PSA
level with an increased likelihood of metastatic disease using [18F]PSMA-1007 PET/CT for primary
staging of prostate cancer. Additionally, the distribution of metastasis was also analysed in our study.
There was a strong positive correlation between PSA level and the likelihood of regional and non-regional
nodal metastases and ISUP grade and regional, non-regional nodal and bone metastases. There was a
trend toward increasing PSA level and bone/visceral metastases and ISUP grade and visceral
metastases, without reaching statistical signi�cance, potentially due to a small number of these cases.
Furthermore, we demonstrate a higher proportion of patient with nodal (regional and non-regional) and
bone metastases in the high-risk group compared to the intermediate-risk group. These results are
concordant with the �ndings previously demonstrated using 68Ga-PSMA PET/CT [14, 16, 17], and whilst
expected, these �ndings are an important step to validate the role of [18F]PSMA-1007 PET/CT in primary
prostate cancer staging.

The presence of an unexpectedly high proportion of metastases in the PSA ≤ 10 ng/mL (15% regional
nodal and 18% bone metastases) and ISUP grade 1 (13% regional nodal metastases) likely represents
selection bias due to our PSMA PET/CT scan referral criteria requiring the presence of high-risk features
for imaging (Tables 2–5). For example, the one patient with regional nodal metastasis in ISUP grade 1
had a PSA level of 22 ng/mL placing them in the high-risk group. Similarly, the PSA ≤ 10 ng/mL group
had a high proportion of intermediate-risk ISUP grades 2 and 3 (49%) and high-risk ISUP grades 4 and 5
patients (48%) (Table 2).

Ours is also the largest study to date using [18F]PSMA-1007 PET/CT con�rming a positive correlation
between higher ISUP grade and PSA level with increasing SUVmax of the primary prostate tumour,
consistent with increasing PSMA receptor expression. Further, a higher primary tumour SUVmax was
con�rmed in the high-risk group compared to the intermediate-risk group. Two smaller [18F]PSMA-1007
studies [22, 23] and a similar [68Ga]Ga-PSMA-11 study [24] have shown a similar correlation with higher
SUVmax of the primary prostate tumour with increasing PSA levels and Gleason score/ISUP grade. In
cases when a prostate biopsy cannot be performed due to patient preference or contraindications, the
SUVmax of the primary tumour on the [18F]PSMA-1007 PET/CT may be indirectly used to estimate ISUP
grade with higher SUVmax values implying a likelihood of a high ISUP grade. This can be con�rmed in
prospective studies. Additionally, there was a statistically signi�cant correlation between increasing
primary prostate tumour SUVmax with increasing AJCC stage, with similar implications.

Lastly, our study evaluated the performance of EAU high-risk parameters (PSA level > 20ng/mL and ISUP
grade > 3) in detecting metastatic disease using [18F]PSMA-1007 PET/CT in our selected population. We
found that PSA > 20 ng/mL has a good speci�city of 85% (sensitivity of 36%) for the identi�cation of
metastatic disease using [18F]PSMA-1007 PET/CT. However, ISUP grade > 3 only has a sensitivity of 62%
(speci�city of 60%), whereas our referral criteria of ISUP ≥ 3 has a much greater sensitivity of 94%
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(speci�city 36%) for detecting metastatic disease using [18F]PSMA-1007 PET/CT. Therefore, using PSA > 
20 ng/mL or ISUP ≥ 3 as selection criteria would be adequate for identifying most patients with
metastatic disease using [18F]PSMA-1007 PET/CT for prostate cancer staging. The current EAU
guidelines use similar parameters to recommend imaging, albeit conventional imaging, for staging
prostate cancer [12].

There are a few limitations to our study. Firstly, given the study's retrospective nature, data collection was
incomplete for some patients (missing information on PSA levels, ISUP grade and treatment information)
potentially introducing bias and loss of statistical power, possibly avoidable in future prospective studies.
Secondly, similar to other published [18F]PSMA-1007 PET/CT studies, typical focal prostatic and
extraprostatic avidity was considered disease without histopathological con�rmation. It is not feasible to
pathologically con�rm every disease site due to patient factors, location or small lesion size. However,
recent studies have demonstrated excellent [18F]PSMA-1007 PET/CT speci�city for nodal metastases
detection with good histopathological correlation [8, 9, 25, 26]. Thirdly, a common issue with the
[18F]PSMA-1007 radiotracer is focal uptake in non-speci�c bone lesions (NSBLs) without an underlying
CT correlate de�nite for prostate metastasis. Recent data suggest that these NSBLs rarely represent
metastatic lesions, supporting our image interpretation that equivocal lesions are not considered
malignant [27]. Lastly, a small number of patients were on ADT before the PET/CT scan during initial
staging, presumably due to high-risk features, potentially in�uencing the PSMA targeted PET/CT results
[28].

Conclusion
Our study con�rms PSA level and ISUP grade as signi�cant prognostic risk factors for the presence and
distribution of metastatic disease using [18F]PSMA-1007 PET/CT for primary staging of prostate
carcinoma. Furthermore, this is the largest study con�rming a positive correlation of PSA level, ISUP
grade and AJCC stage with primary prostate tumour SUVmax using [18F]PSMA-1007 PET/CT. This study
also demonstrates adequate performance of PSA > 20 ng/mL or ISUP grade ≥ 3 parameters for the
detection of metastatic disease using [18F]PSMA-1007 PET/CT. Validation of these �ndings further
supports the use of [18F]PSMA-1007 PET/CT for the primary staging of prostate carcinoma.

Declarations
Funding: No funds, grants, or other support was received for conducting this study. 

Con�icts of interest/Competing interests: The authors have no con�icts of interest to declare that are
relevant to the content of this article.

Availability of data and material: Not applicable

Code availability: Not applicable



Page 10/20

Ethics approval and Consent to participate: An ethics exemption was obtained for this study from the
Royal Brisbane and Women's Hospital Human Research Ethics Committee (HREC) with a waiver of
written consent for this retrospective study.

Consent for publication: Not applicable

References
1. Rawla P. Epidemiology of Prostate Cancer. World J Oncol. 2019;10:63-89. doi:10.14740/wjon1191.

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.
CA Cancer J Clin. 2021;71:209-49. doi:10.3322/caac.21660.

3. Giesel FL, Knorr K, Spohn F, Will L, Maurer T, Flechsig P, et al. Detection E�cacy of (18)F-PSMA-1007
PET/CT in 251 Patients with Biochemical Recurrence of Prostate Cancer After Radical
Prostatectomy. J Nucl Med. 2019;60:362-8. doi:10.2967/jnumed.118.212233.

4. Hofman MS, Lawrentschuk N, Francis RJ, Tang C, Vela I, Thomas P, et al. Prostate-speci�c
membrane antigen PET-CT in patients with high-risk prostate cancer before curative-intent surgery or
radiotherapy (proPSMA): a prospective, randomised, multicentre study. Lancet. 2020;395:1208-16.
doi:10.1016/S0140-6736(20)30314-7.

5. Anttinen M, Ettala O, Malaspina S, Jambor I, Sandell M, Kajander S, et al. A Prospective Comparison
of (18)F-prostate-speci�c Membrane Antigen-1007 Positron Emission Tomography Computed
Tomography, Whole-body 1.5 T Magnetic Resonance Imaging with Diffusion-weighted Imaging, and
Single-photon Emission Computed Tomography/Computed Tomography with Traditional Imaging in
Primary Distant Metastasis Staging of Prostate Cancer (PROSTAGE). Eur Urol Oncol. 2020.
doi:10.1016/j.euo.2020.06.012.

�. Zippel C, Ronski SC, Bohnet-Joschko S, Giesel FL, Kopka K. Current Status of PSMA-Radiotracers for
Prostate Cancer: Data Analysis of Prospective Trials Listed on ClinicalTrials.gov. Pharmaceuticals
(Basel). 2020;13. doi:10.3390/ph13010012.

7. Kesch C, Kratochwil C, Mier W, Kopka K, Giesel FL. (68)Ga or (18)F for Prostate Cancer Imaging? J
Nucl Med. 2017;58:687-8. doi:10.2967/jnumed.117.190157.

�. Sprute K, Kramer V, Koerber SA, Meneses M, Fernandez R, Soza-Ried C, et al. Diagnostic Accuracy of
(18)F-PSMA-1007 PET/CT Imaging for Lymph Node Staging of Prostate Carcinoma in Primary and
Biochemical Recurrence. J Nucl Med. 2021;62:208-13. doi:10.2967/jnumed.120.246363.

9. Kuten J, Fahoum I, Savin Z, Shamni O, Gitstein G, Hershkovitz D, et al. Head-to-Head Comparison of
(68)Ga-PSMA-11 with (18)F-PSMA-1007 PET/CT in Staging Prostate Cancer Using Histopathology
and Immunohistochemical Analysis as a Reference Standard. J Nucl Med. 2020;61:527-32.
doi:10.2967/jnumed.119.234187.

10. D'Amico AV, Whittington R, Malkowicz SB, Schultz D, Blank K, Broderick GA, et al. Biochemical
outcome after radical prostatectomy, external beam radiation therapy, or interstitial radiation therapy



Page 11/20

for clinically localized prostate cancer. JAMA. 1998;280:969-74. doi:10.1001/jama.280.11.969.

11. Parker C, Castro E, Fizazi K, Heidenreich A, Ost P, Procopio G, et al. Prostate cancer: ESMO Clinical
Practice Guidelines for diagnosis, treatment and follow-up. Ann Oncol. 2020;31:1119-34.
doi:10.1016/j.annonc.2020.06.011.

12. EAU Guidelines. EAU Annual Congress Edn. Milan; 2021.

13. Meyrick DP, Asokendaran M, Skelly LA, Lenzo NP, Henderson A. The role of 68Ga-PSMA-I&T PET/CT
in the pretreatment staging of primary prostate cancer. Nucl Med Commun. 2017;38:956-63.
doi:10.1097/MNM.0000000000000738.

14. Yaxley JW, Raveenthiran S, Nouhaud FX, Samaratunga H, Yaxley WJ, Coughlin G, et al. Risk of
metastatic disease on (68) gallium-prostate-speci�c membrane antigen positron emission
tomography/computed tomography scan for primary staging of 1253 men at the diagnosis of
prostate cancer. BJU Int. 2019;124:401-7. doi:10.1111/bju.14828.

15. Schmidt-Hegemann NS, Fendler WP, Buchner A, Stief C, Rogowski P, Niyazi M, et al. Detection level
and pattern of positive lesions using PSMA PET/CT for staging prior to radiation therapy. Radiat
Oncol. 2017;12:176. doi:10.1186/s13014-017-0902-0.

1�. Klingenberg S, Jochumsen MR, Ulhoi BP, Fredsoe J, Sorensen KD, Borre M, et al. (68)Ga-PSMA
PET/CT for Primary Lymph Node and Distant Metastasis NM Staging of High-Risk Prostate Cancer. J
Nucl Med. 2021;62:214-20. doi:10.2967/jnumed.120.245605.

17. Rogasch JM, Cash H, Zschaeck S, Elezkurtaj S, Brenner W, Hamm B, et al. Ga-68-PSMA PET/CT in
treatment-naive patients with prostate cancer: Which clinical parameters and risk strati�cation
systems best predict PSMA-positive metastases? Prostate. 2018. doi:10.1002/pros.23685.

1�. Perera M, Papa N, Christidis D, Wetherell D, Hofman MS, Murphy DG, et al. Sensitivity, Speci�city, and
Predictors of Positive (68)Ga-Prostate-speci�c Membrane Antigen Positron Emission Tomography in
Advanced Prostate Cancer: A Systematic Review and Meta-analysis. Eur Urol. 2016;70:926-37.
doi:10.1016/j.eururo.2016.06.021.

19. Roberts MJ, Morton A, Donato P, Kyle S, Pattison DA, Thomas P, et al. (68)Ga-PSMA PET/CT tumour
intensity pre-operatively predicts adverse pathological outcomes and progression-free survival in
localised prostate cancer. Eur J Nucl Med Mol Imaging. 2021;48:477-82. doi:10.1007/s00259-020-
04944-2.

20. Donato P, Roberts MJ, Morton A, Kyle S, Coughlin G, Esler R, et al. Improved speci�city with (68)Ga
PSMA PET/CT to detect clinically signi�cant lesions "invisible" on multiparametric MRI of the
prostate: a single institution comparative analysis with radical prostatectomy histology. Eur J Nucl
Med Mol Imaging. 2019;46:20-30. doi:10.1007/s00259-018-4160-7.

21. Pound CR, Partin AW, Eisenberger MA, Chan DW, Pearson JD, Walsh PC. Natural history of
progression after PSA elevation following radical prostatectomy. JAMA. 1999;281:1591-7.
doi:10.1001/jama.281.17.1591.

22. Hong JJ, Liu BL, Wang ZQ, Tang K, Ji XW, Yin WW, et al. The value of (18)F-PSMA-1007 PET/CT in
identifying non-metastatic high-risk prostate cancer. EJNMMI Res. 2020;10:138.



Page 12/20

doi:10.1186/s13550-020-00730-1.

23. Prive BM, Israel B, Schilham MGM, Muselaers CHJ, Zamecnik P, Mulders PFA, et al. Evaluating F-18-
PSMA-1007-PET in primary prostate cancer and comparing it to multi-parametric MRI and
histopathology. Prostate Cancer Prostatic Dis. 2020. doi:10.1038/s41391-020-00292-2.

24. Uprimny C, Kroiss AS, Decristoforo C, Fritz J, von Guggenberg E, Kendler D, et al. (68)Ga-PSMA-11
PET/CT in primary staging of prostate cancer: PSA and Gleason score predict the intensity of tracer
accumulation in the primary tumour. Eur J Nucl Med Mol Imaging. 2017;44:941-9.
doi:10.1007/s00259-017-3631-6.

25. Kesch C, Vinsensia M, Radtke JP, Schlemmer HP, Heller M, Ellert E, et al. Intraindividual Comparison
of (18)F-PSMA-1007 PET/CT, Multiparametric MRI, and Radical Prostatectomy Specimens in
Patients with Primary Prostate Cancer: A Retrospective, Proof-of-Concept Study. J Nucl Med.
2017;58:1805-10. doi:10.2967/jnumed.116.189233.

2�. Giesel FL, Hadaschik B, Cardinale J, Radtke J, Vinsensia M, Lehnert W, et al. F-18 labelled PSMA-
1007: biodistribution, radiation dosimetry and histopathological validation of tumor lesions in
prostate cancer patients. Eur J Nucl Med Mol Imaging. 2017;44:678-88. doi:10.1007/s00259-016-
3573-4.

27. Arn�eld E, Thomas P, Roberts M, Pelecanos A, Ramsay S, Lin C, et al. Clinical Insigni�cance of
[18F]PSMA-1007 Avid Non-speci�c Bone Lesions: A Retrospective Evaluation. Research Square;
2021.

2�. Emmett L, Yin C, Crumbaker M, Hruby G, Kneebone A, Epstein R, et al. Rapid Modulation of PSMA
Expression by Androgen Deprivation: Serial (68)Ga-PSMA-11 PET in Men with Hormone-Sensitive
and Castrate-Resistant Prostate Cancer Commencing Androgen Blockade. J Nucl Med. 2019;60:950-
4. doi:10.2967/jnumed.118.223099.

Tables
Table 1 Patient characteristics (n=194)
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  Total

  n=194

Age at time of PET/CT (years), median (IQR) 70.0 (63.0-75.0)

Most recent PSA prior to PET/CT (ng/mL), median (IQR) 10.0 (6.5-18.0)

PSA groups (ng/mL) (n=194)  

      <=10 101 (52.1%)

      10<=20 50 (25.8%)

      >20 43 (22.2%)

ISUP grade (n=189)  

   1 8 (4.2%)

   2 41 (21.7%)

   3 50 (26.5%)

   4 34 (18.0%)

   5 56 (29.6%)

Previous/current ADT prior to the PET/CT scan 14 (7.2%)

Duration of ADT prior to PET/CT scan (months), median (IQR) (n=14) 2.0 (2.0-5.0)

Data are presented as median (IQR) for continuous variables and n (%) for categorical variables; n =
number; ADT = Androgen Deprivation Therapy; IQR = interquartile range

 

Table 2 Distribution of PSA level within each ISUP grade group (n=189)



Page 14/20

  PSA (ng/mL)

  ≤10 10-20 >20

ISUP grade (n=189)      

   1 3 (38%) 2 (25%) 3 (38%)

   2 23 (56%) 12 (29%) 6 (15%)

   3 26 (52%) 8 (16%) 16 (32%)

   4 19 (56%) 9 (26%) 6 (18%)

   5 29 (52%) 18 (32%) 9 (16%)

Unknowna 1 (20%) 1 (20%) 3 (60%)

n (%) = number of patients (% of patients in ISUP grade group); aFive patients had missing ISUP grade
information

 

Table 3 Association of ISUP grade (n=189), PSA level (n=194) and ADT (n=14) with the
presence/absence of metastatic disease
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      Univariable modela Multivariable
modela (n=189)

  No
metastasis

Metastasis
present

Unadjusted
OR

p-
value

Adjusted OR p-
value

  n=128 n=66 (95%CI)   (95%CI)  

Age(years), mean
(SD)

68.9 (7.5) 69.9 (8.6) 1.02
 (0.98,1.06)

0.39    

ISUP Grade       0.014   0.008

ISUP 1 88% (7/8) 13% (1/8) 0.42    
(0.05,3.62)

  0.32    
(0.03,3.00)

 

ISUP 2 and 3 75%
(68/91)

25% (23/91) (reference)   (reference)  

ISUP 4 and 5 57%
(51/90)

43% (39/90) 2.26    
(1.20,4.25)*

  2.64    
(1.34,5.23)**

 

PSA levels
(ng/mL) 

      0.004   0.001

   10 71.3%
(72/101)

28.7%
(29/101)

(reference)   (reference)  

   10-20 74.0%
(37/50)

26.0%
(13/50)

0.87    
(0.41,1.87)

  0.93    
(0.42,2.07)

 

   >20 44.2%
(19/43)

55.8%
(24/43)

3.14    
(1.50,6.58)**

  4.33    
(1.89,9.91)***

 

Previous or
current ADT use

      0.198   0.198

   No 67.2%
(121/180)

32.8%
(59/180)

(reference)   (reference)  

   Yes 50.0%
(7/14)

50.0%
(7/14)

2.05    
(0.69,6.12)

  2.16    
(0.67,6.96)

 

*p<0.05; **p<0.01; ***p<0.001; abinary logistic regression

Table 4 Association of ISUP grade with SUVmax of the primary prostatic tumour and distribution of
metastasis
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  ISUP grade groups   

  1 2 and 3 4 and 5 p-
value

  n=8 n=91 n=90  

SUVmax of primary tumour (n=183), median
(IQR)a 

8.4 (5.2-
15.2)

14.9 (8.8-
24.3)

19.6 (11.9-
32.3)

 0.004

Regional nodes (n=189), %(n/Total)b  12.5%
(1/8)

11.0%
(10/91)

31.1%
(28/90)

 0.003

Non-regional nodes (n=189), %(n/Total)b 0% (0/8) 4.4% (4/91) 14.4%
(13/90)

 0.041

Bone metastasis (n=189), %(n/Total) b 0% (0/8) 12.1%
(11/91)

28.9%
(26/90)

 0.006

Visceral metastasis (n=189), %(n/Total) b 0% (0/8) 3.3% (3/91) 4.4% (4/90)  0.78

aKruskal-Wallis-test; bChi-squared test

Table 5  Association of PSA levels with SUVmax of the primary prostatic tumour and distribution of
metastasis

  PSA levels (ng/mL)  

  ≤10 10-20 >20 p-
value

  n=101 n=50 n=43  

SUVmax of primary tumour (n=187),
median (IQR)a

13.9 (7.7-
22.8)

17.4 (11.9-
29.9)

21.5 (16.2-
36.3)

<0.001

Regional nodes (n=194), %(n/Total)b 14.9%
(15/101)

18.0%
(9/50)

41.9%
(18/43)

 0.001

Non-regional nodes (n=194), %(n/Total)c 5.0%
(5/101)

6.0% (3/50) 23.3%
(10/43)

 0.004

Bone metastasis (n=194), %(n/Total) b  17.8%
(18/101)

16.0%
(8/50)

32.6%
(14/43)

 0.087

Visceral metastasis (n=194), %(n/Total)c 3.0%
(3/101)

2.0% (1/50) 7.0% (3/43)  0.51

aKruskal-Wallis-test; bChi-squared test; cFisher’s exact test
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Table 6  Association of AJCC staging with SUVmax of the primary prostatic tumour (n=187)

  AJCC stage

  IIIB or
below

IIIC IVA IVB p-
value

  n=103 n=27 n=16 n=48  

   SUVmax of primary
tumour (n=187), median (IQR)a 

14.2 (9.0-
24.9)

17.5 (7.6-
28.7)

19.8
(15.6-
38.9)

20.0 (12.0-
31.3)

 0.034‡

aKruskal-Wallis-test

 

Table 7 Proportion of metastases by EAU risk groups (intermediate-risk vs high-risk group based on PSA
and ISUP grade) (n=189)

  Intermediate-risk (PSA 10-20
ng/mL or ISUP 2 and 3)

High-risk (PSA>20
ng/mL or ISUP 4 and 5)

p-
value

  n=71 n=118  

SUVmax of primary
tumoura

11.9 (8.4-21.1) 20.2 (12.0-32.5) <0.001

Nodal metastasis(regional
and non-regional)b

1.4% (1) 34.7% (41) <0.001

Bone metastasisb  8.5% (6) 28.0% (33) 0.001

Visceral metastasisc 2.8% (2) 4.2% (5) 0.71

aMann-Whitney U test; bChi-squared test; cFisher’s exact test; n=2 with missing ISUP grade information
and PSA < 20 ng/mL (undetermined risk group) and n= 3 with PSA <10 and ISUP = 1(low risk) were
excluded; % (n) = percentage of patients (number of patients)

Figures
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Figure 1

Patient selection �owchart. PSA = Prostate speci�c antigen; PET/CT = Positron Emission
Tomography/Computed Tomography
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Figure 2

A 70 year old male with unfavourable intermediate-risk prostate cancer (ISUP grade 3; PSA 5.2 ng/mL)
who underwent [18F]PSMA-1007 PET/CT that showed a solitary F-PSMA avid focus within the left mid
posterolateral prostate gland (SUVmax 14.9). a Axial non-contrast CT, b axial PET attenuation corrected
image and c axial fused PET/CT image at the level of the prostate gland. d Maximum intensity projection
(MIP) image
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Figure 3

An 88 year old male with high-risk prostate cancer (ISUP grade 4; PSA 142 ng/mL) underwent [18F]PSMA-
1007 PET/CT demonstrating intensely F-PSMA avid primary tumour (SUVmax 17.8) and multifocal F-
PSMA avid distant metastatic disease. a Coronal and b sagittal fused PET/CT image from the vertex to
thighs. c Axial fused PET/CT image at the level of the prostate gland. d Maximum intensity projection
(MIP) image
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